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Remarks about pesticides appear in some technical papers con- , 
tained in these Proceedings. Publication of these statements does not 
constitute endorsement or recommendatkon af them by the Conference 
sponsors, nor does it imply that uses discussed have been registered. 
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SEVERE TOP PRUWISG ItP;IO17ES KAY" OM SEEDLLKC GROCCTH' 

John 6. Adams 
2  

A b s t r a c t .  Two prun ing  and one l e a f  s t r i p p i n g  t r e a t m e n t s  were 
a p p l i e d  t o  a  uniform group of wa te r  oak (Quercus -a i.) 
s e e d l i n g s .  The purpose was t o  e v a l u a t e  t h e  e f f e c t  of t h e  
p run ing  on t o t a l  h e i g h t  and growth of t h e  s e e d l i n g  fo l lowing  
p l a n t i n g .  A f t e r  two y e a r s ,  t h e  pruned t rea tment  had n o t  
equa led  t h e  t o t a l  h e i g h t  of t h e  check b u t  were growing a t  a  
much f a s t e r  r a t e  and appeared t o  be  i n  a  h i g h e r  s t a t e  of v i g o r  
than  unpruned s e e d l i n g s .  New growth i n  t h e  f i r s t  two y e a r s  
was 52% g r e a t e r  i n  t h e  pruned s e e d l i n g s  than  i n  t h e  unpruned. 
Reduct ion of t h e  s i z e  of t h e  s e e d l i n g s  by p run ing  was noted a s  
advantageous f o r  h a n d l i n g  e a s e .  

W a t e r  oak (9. n i g r a  L . )  p l a n t a t i o n  e s t a b l i s h -  
ment i n  the  lower middle South has been r a t h e r  
e r r a t i c ,  p r i m a r i l y  because  b a r e r o o t e d  s e e d l i n g s  
a r e  s l o w  growing i n i t i a l l y  o r  s u f f e r  from var ious  
f o r m s  of d ieback  r e s u l t i n g  i n  a  poor compet i t ive  
p o s i t i o n  i n  t h e  emerging v e g e t a t i o n  (Adams 1983) .  

T h e  use  of  b a r e r o o t  s t o c k  i s  d e s i r a b l e  f o r  
many p l a n t i n g  s i t u a t i o n s  b u t  wi thou t  t h e  
e s  tab l ishment  of v igorous ,  a c t i v e l y  growing 
s e e d l i n g s ,  t h e  p l a n t a t i o n  concep t  f o r  t h i s  s p e c i e s  
h a s  l i t t l e  chance f o r  s u c c e s s .  The p roduc t ion  of 
w a t e r  oak s e e d l i n g s  i n  t h e  nurse ry  i s  r e l a t i v e l y  
e a s y  and inexpens ive .  Of ten  1 - 0  s e e d l i n g s  a r e  
r a t h e r  l a r g e  a t  t h e  end of t h e  nurse ry  season  and 
t h i s  l a r g e  s i z e  c r e a t e s  two d i f  f e s e n t  problems. 
One i s  t h e  p h y s i c a l  h a n d l i n g  of  t h e  s e e d l i n g s ,  
e s p e c i a l l y  i n  bundles  of 100 o r  more, and two, 
t h e  r o o t / s h o o t  r a t i o  may exceed a n  optimum f o r  
maximiza t ion  of vigorous e a r l y  growth of newly 
p l a n t e d  s e e d l i n g s .  

Wate r  oak i s  a  good mast producer  f o r  wild- 
l i f e ,  grows f a s t  once s e e d l i n g s  a r e  w e l l  
e s t a b l i s h e d ,  and produces d e s i r a b l e  wood produc 

'paper p r e s e n t e d  a t  3rd B i e n n i a l  Southern 
S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  
G e o r g i a ,  November 7-8, 1984. 

2 ~ r .  John C .  Adams, Assoc ia te  P r o f e s s o r ,  
S c h o o l  of F o r e s t r y ,  Louis iana  Tech U n i v e r s i t y ,  
R u s t o n ,  LA 71272. 

Because t h e  s p e c i e s  i., v e r s a t i l e ,  w a t e r  oak is  
i n  demand, e s p e c i a l l y  f o r  t h e  smal l  f o r e s t  
landowner o r  farm woodlot owner d e s i r i n g  a hard-  
wood t imber  s p e c i e s  t h a t  grows w e l l  and i s  
p r o d u c t i v e  f o r  w i l d l i f e .  

Small p l a n t a t i o n  p l a n t i n g s  u s u a l l y  
invo lve  bare roo ted  s t o c k  and p l a n t i n g  w i t h  a  
d i b b l e  w i t h  l i t t l e  o r  no c u l t i v a t i o n  f o l l o w i n g  
s e e d l i n g  e s t a b l i s h m e n t  . Therefore ,  t h e  newly 
p l a n t e d  s e e d l i n g s  must e s t a b l i s h  good r o o t / s o i l  
c o n t a c t  and produce vigorous growth t o  be  
compet i t ive .  The p roduc t ion  of t h i s  v igorous  
growth i n  many c a s e s  i s  miss ing  and t o  c o u n t e r  
t h e  e f f e c t s  of slow i n i t i a l  growth a n d / o r  d ie -  
back,  s e v e r a l  t r ea tments  were a p p l i e d  t o  a  group 
of w a t e r  oak s e e d l i n g s  t o  determine a b e t t e r  
method of hand l ing  and p l a n t i n g  t o  e n s u r e  s u c c e s s  
w i t h  a  minimum of problems . 

METHODS AND PROCEDURES 

in January ,  1982, w a t e r  oak s e e d l i n g s  
were ob ta ined  from t h e  O f f i c e  o f  F o r e s t r y  n u r s e r y  

ts . i n  Columbia, Louis iana .  Seed l ings  were s o r t e d  
and 246 t r e e s  approxiniately uniform i n  s i z e  
( r o o t  and s h o o t )  were sellec t ed  f o r  the  P tudy . 
These were p l a n t e d  wi th  a d i b b l e  one by one 
meter spac ing  on a s m a l l  bot tom s i t e  Located on 
t h e  Louis iana  Tech U n i v e r s i t y  Farm, 

The p l a n t i n g  was d iv ided  i n t o  t e n  b locks  
w i t h  f o u r  t r e a t m e n t s  p e r  b lock .  Each t r e a t m e n t /  
b lockwas  r e p r e s e n t e d  by s i x  t r e e s .  Treatments  
were p run ing  t o  2.5 cm, p run ing  one-half of  t h e  
t o t a l  h e i g h t ,  s t r i p p i n g  a l l  t h e  l e a v e s  and a check 
(no p run ing  o r  s t r i p p i n g ) .  



At t h e  end of t h e  second growing season 
40 s e e d l i n g s  (one s e e d l i n g  per  p l o t  per  r e p l i -  
c a t i o n )  were excavated f o r  r o o t  development 
e v a l u a t i o n s  . 

Experimental des ign  was a  randomized 
block and a n a l y s i s  was performed f o r  i n i t i a l  
h e i g h t ,  f i r s t -  and second-year h e i g h t  and growth, 
and r o o t  growth. Vigor of t h e  s e e d l i n g s  was a l s o  
eva lua ted .  

RESULT AND DISCUSSION 

At t h e  beginning of t h e  s t u d y ,  
measurements f o r  h e i g h t  and r o o t  s i z e  b e f o r e  
a p p l i c a t i o n  of t h e  t rea tments  i n d i c a t e d  t h a t  t h e  
i n i t i a l  random sample was s t a t i s t i c a l l y  e q u i v a l e n t .  
A t  t h e  end of t h e  f i r s t  y e a r  t h e r e  were h i g h l y  
s i g n i f i c a n t  (P > 0.01) d i f f e r e n c e s  i n  h e i g h t .  
The check and t h e  l e a f  s t r i p p i n g  t rea tment  were 
d i f f e r e n t  from t h e  two pruning t rea tments  by 
14.06 cm o r  24.75% i n  h e i g h t  (Table 1 ) .  However, 
when new growth from te rmina l  bud o r  from p o i n t  
of p run ing  (an advantageous bud) is cons idered ,  
a  completely d i f f e r e n t  p i c t u r e  emerges. The 
check and l e a f  s t r i p p i n g  t rea tments  grew 11.53 cm 
and 6 .21  cm, r e s p e c t i v e l y ,  w h i l e  t h e  pruning t o  
2.5 cm grew 39.51 cm (70% g r e a t e r  than the  check) 
and pruning ha l f -he igh t  grew22.1 cm (48% g r e a t e r  
than t h e  check) .  

At t h e  end of t h e  second y e a r ,  t h e  same 
p a t t e r n  was observed.  There was s i g n i f i c a n t  
d i f f e r e n c e  (P  ' 0.01) i n  h e i g h t  between the  

t rea tments  b u t  when new growth is cons jderd ,  t h e  
p e r s p e c t i v e  of s e e d l i n g  h e i g h t  completely changes,  
Both the  prun ing  t rea tments  had 32 cm growth, 
whereas, the  check and t h e  s t r i p p i n g  of l e a v e s  
grew 26 crn o r  a n  1 8  p e r c e n t  d i f f e r e n c e  i n  
growth (Table 1 )  . 

In t h e  f i r s t  two growing seasons ,  t o t a l  
new growth was 37.9 c m ,  71.9 cm, 54.1 cm, and 
32.5 cmfor  t h e  check, 2.5 cm prune,  h a l f - h e i g h t  
prune,  and l e a f  s t r i p p i n g  r e s p e c t i v e l y .  The new 
growth observed i n  t h e  pruning t rea tments  had 
l a r g e r  l e a v e s  w i t h  a darker  green c o l o r ,  and t h e  
p l a n t s  g e n e r a l l y  appeared t o  be i n  a h igher  s t a t e  
of v i g o r  and t o  be very compet i t ive .  The check 
and t h e  l e a f  s t r i p p i n g  t rea tment  g e n e r a l l y  appeared 
t o  e x h i b i t  t r a n s p l a n t  shock wi th  l i t t l e  growth i n  
the  f i r s t  season  and an  obvious l a c k  of v i g o r  i n  
the  appearance of t h e  i n d i v i d u a l  p l a n t s .  

The o b j e c t i v e  of t h i s  s tudy  was t o  determine 
the  e f f e c t  t h e  t rea tments  had on t h e  growth of 
t h e  s e e d l i n g s .  Therefore,  compet i t ion  from 
o t h e r  s e e d l i n g  and p l a n t s  was k e p t  a t  a  minimum 
and no d a t a  on s u r v i v a l  p o t e n t i a l  of t h e  
d i f f e r e n t  t rea tments  i s  a v a i l a b l e .  However, i n  
s e v e r a l  e a r l i e r  p l a n t a t i o n  es tab l i shments ,  t h e  
low v i g o r  a s s o c i a t e d  wi th  t h e  f i r s t  and second 
y e a r s  of p l a n t a t i o n  l i f e  h a s  r e s u l t e d  i n  
unacceptable  m o r t a l i t y  r a t e s ,  and s u r v i v i n g  t r e e s  
were very  s low i n  responding t o  t h e  compet i t ion  
of n a t u r a l  v e g e t a t i o n  (Adams 1983).  Woessner 
(1972) found t h a t  t h e r e  was some s u r v i v a l  
problems when h e  r o o t  and shoot  pruned and then  
f i e l d  p l a n t e d  i n  an  a r e a  of low summer r a i n f a l l .  
However, Hammond (1970) and Tol iver  e t  a l .  (1980) 

Table 1. F i r s t  and second year  h e i g h t  and growth of pruned 
and unpruned wate r  oak s e e d l i n g s .  

-- 
I n i t i a l  Height Height F i r s t  Year Second Year T o t a l  

Treatment Height 1st Season 2nd Season ----- Growth - Growth Growth 

cm - cm - cm - cm - em - 

Check 47.4 A 58.9 
A 

85.3 
A 

11.5 A 26.4' 37. 9B 

Prune (2.5 cm) 45 .4A 40. 5B 72 .gB 39. sR 12 .4A 71.9 
A 

Prune (112 
h e i g h t )  45.9 

A 
45 .1  

B 

A 
54 .eA 81 .1  

A 
6 . 2  

A 
S t r i p l e a v e s  48.6 2 6 2  32, 5B 

Heans wi th  the  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



found no  s i g n i f i c a n t  d i f f e r e n c e s  i n  var ious  r o o t /  
shoot  p run ing  t rea tments ,  e i t h e r  a £  t e r  t h e  f i r s t  
y e a r  o r  t h e  f i v e  y e a r  s u r v i v a l  counts .  

The use  of a  pruning t rea tment  t o  2.5 cm 
of h e i g h t  r e s u l t e d  i n  the  s e e d l i n g s  growing a t  a  
s i g n i f i c a n t l y  h i g h e r  r a t e  than t h a t  of t h e  check. 
F i r s t - y e a r  growth was 30 percen t  g r e a t e r  than  
t h a t  of the  check and a t  t h e  end of the  second 
y e a r ,  was 50 p e r c e n t  g r e a t e r  i n  new growth. 
Although t o t a l  h e i g h t  was l e s s  f o r  t h e  prune 
t r e a t m e n t s ,  the  v i g o r  and speed of i n i t i a l  growth 
should  g ive  these  s e e d l i n g s  a  compet i t ive  
advantage  over  those  i n  a low s t a t e  of v igor  and 
growing very  s lowly.  

Observa t ion  a f t e r  p l a n t i n g  and applying 
t h e  t r e a t m e n t s ,  i n d i c a t e d  t h e  pruned s e e d l i n g s  
s t a r t e d  s p r o u t i n g  a s  soon a s  l e a f  i n i t i a t i o n  
was observed  i n  e s t a b l i s h e d  wate r  oak t r e e s .  
The check  and s e e d l i n g s  w i t h  l eaves  removed were 
s e v e r a l  weeks behind i n  growth i n i t i a t i o n  and 
growth was slow. The e a r l y  growth s t a r t  p u t s  
the  pruned s e e d l i n g s  i n  a  compet i t ive  p o s i t i o n  
compared t o  t h e  t a l l e r ,  b u t  l e s s  vigorous,  
s lower  growing check. Larson (1975) p r e s e n t s  some 
e v i d e n c e  t h a t  i n d i c a t e s  a  s i m i l a r  f a s t  l e a f  
i n i t i a t i o n  when n o r t h e r n  r e d  oaks s e e d l i n g s  were 
top pruned and p lan ted .  

Because t h e r e  was a  l a r g e r  d i f f e r e n c e  
i n  growth between t h e  t rea tments ,  r o o t  systems 
were examined. The e x p e c t a t i o n  was t h a t  t h e r e  
would b e  a  r o o t  s i z e  d i f f e r e n c e  between t h e  f a s t  
and s l o w  growing t rea tments .  However, t h e r e  was 
no s t a t i s t i c a l  d i f f e r e n c e  d e t e c t e d  f o r  r o o t  dry 
w e i g h t ,  l e n g t h ,  o r  width,  and the  same s i z e  r o o t  
s y s  terns were s u p p o r t i n g  both the  slow growing 
and f a s t  growing groups of s e e d l i n g s .  

Whether o r  n o t  t h e  f a s t  new ~ r o w t h  w i l l  
c o n t i n u e  and t h e  pruned t r e e s  exceed t h e  unpruned 
i n  s i z e ,  t h e r e  is a n  advantage i n  t h e  p h y s i c a l  
h a n d l i n g  of t h e  oak s e e d l i n g s  when they a r e  
pruned.  Unlike p i n e  s e e d l i n g s  which a r e  commonly 
packed 1000 s e e d l i n g s  p e r  bundle o r  bag, oak 
s e e d l i n g s  a r e  s o  l a r g e  t h a t  100 per  bundle i s  
a common p r a c t i c e .  S e v e r a l  thousand s e e d l i n g s  
a r e  d i f f i c u l t  t o  handle  simply because of t h e  
bu lk  involved .  Even i f  growth d i f f e r e n c e s  a r e  
n o t  c o n s i d e r e d ,  t h e  advantage of handl ing  e a s e  
of p runed  s e e d l i n g s ,  bo th  i n  bundles  f o r  s t o r a g e  
and i n  t h e  f i e l d  f o r  p l a n t i n g ,  is cons iderab le .  

CONCLUSIONS 

pruned t r e e s .  The new growth of  t h e  s e e d l i n g s  
pruned t o  2.5 cm was 52% g r e a t e r  than t h e  unpruned 
t r e e s .  

I f  t h e  growth SLOWS on pruned trees and 
the  unpruned s t a r t  growing a t  a  f a s t e r  r a t e ,  then  
the  n e t  e f f e c t  w i l  i be  a product  about  t h e  same 
s i z e .  However, t h e  v igor  a s s o c i a t e d  w i t h  t h e  
pruned s e e d l i n g  s p r o u t s  may i n c r e a s e  s u r v i v a l  and 
r e s u l t  i n  more sterns p e r a c r e s .  I f  growth and 
s u r v i v a l  become e q u a l  over  time, t h e  advantage 
of l e s s  b u l k  and weight ,  p l u s  e a s e  of p l a n t i n g ,  
w i l l  s t i l l  favor  t h e u s e  of t h e  pruning techniques  
wi th  t h i s  s p e c i e s .  
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Prun ing  t h e  top of wate r  oak s e e d l i n g s ,  
e i t h e r  t o  2.5 cm o r  one-half of t h e  h e i g h t ,  
r e s u l t s  i n  a  v igorous ,  f a s t  growing s p r o u t .  The 
s p r o u t  growth d i d  n o t  exceed t h e  unpruned i n  
t o t a l  h e i g h t  b u t  was much more vigorous and 
should  be i n  a  much b e t t e r  compet i t ive  p o s i t i o n  
i n  r e l a t i o n  t o  o t h e r  competi t ing v e g e t a t i o n .  
New growth a f t e r  two y e a r s  was 44% g r e a t e r  f o r  



A 15-DAY MUDROPONIC SYSTEM FOR mASURING 

1 i ROOT GROWTH POTENTW- 

2 i Laura E, DeWald, P e t e r  P,  F e r e t ,  and Richard E. Kreh- 

Abstract.--Seedling root  growth p o t e n t i a l  i s  co r r e l a t ed  
with f i e l d  perfomance.  A s tandard t e s t  t o  measure t h i s  
parameter i s  time consuming and involves some spec i a l  
equipment. This study descr ibes  a 15-day hydroponic system 
developed a s  an a l t e r n a t i v e  t o  t he  standard 24-day s o i l  root  
growth p o t e n t i a l  t e s t  system f o r  measuring l o b l o l l y  p ine  
root  growth p o t e n t i a l ,  The hydroponic system, which f l o a t s  
seedl ings  on top of water i n  f i s h  aquariums, r e s u l t s  i n  
fewer numbers of new roots  and l e s s  t o t a l  length of new 
roo t s ,  However, t h e  r e l a t i v e  root  growth p o t e n t i a l  r e s u l t s  
a r e  comparable t o  t he  standard 24-day s o i l  t e s t .  The 15-day 
hydroponic system, a v i ab l e  a l t e r n a t i v e  f o r  measuring 
l o b l o l l y  pine root  growth p o t e n t i a l ,  i s  a l e s s  expensive, 
s impler ,  and f a s t e r  method than the  standard s o i l  t e s t  
system, 

INTRODUCTION 

Decreased southern pine p l an t a t i on  su rv iva l  
has been a growing concern f o r  t he  past  s eve ra l  
years.  Venator (1981) a t t r i b u t e s  nea r ly  one 
t h i r d  of t he  mor t a l i t y  of newly outplanted 
seedl ings  t o  poor s tock  q u a l i t y  and improper 
handling procedures. Seed1 ing qua1 i t y  has 
t r a d i t i o n a l l y  been evaluated by t h e  
morphological c h a r a c t e r i s t i c s  described by 
Wakeley (19481, which a r e  used i n  many nu r se r i e s  
t o  grade the  seedl ings .  However, these  
morphological grades do not  neces sa r i l y  
c o r r e l a t e  well  with su rv iva l  and f i e l d  
performance (Ri tchie  and Dunlap 1980, Wakeley 
19481, 

The i n i t i a l  su rv iva l  of t ransplanted  
seedl ings  depends l a rge ly  on the  a b i l i t y  of 
t h e i r  root  sytems t o  r ap id ly  replace  t he  roo t s  
l o s t  during t ransplant ing  and handling, and t o  
regenera te  new roo t s  t o  re -es tabl i sh  contact  
with t h e  s o i l .  Stone (1955) was t h e  f i r s t  t o  
repor t  t h a t  t r e e  seedl ings  vary widely i n  t h e  
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a b i l i t y  t o  regenerate roo t s ,  This a b i l i t y ,  a 
seedling's root  growth p o t e n t i a l  (RGP), can be 
used a s  a measure of seedl ing  phys io logica l  
q u a l i t y  ( ~ i t c h i e  and Dunlap 1980) and i s  
co r r e l a t ed  with seedl ing  su rv iva l  and f i e l d  
performance ( ~ e r e t  e t  a l .  1984, Sutton 1980, 
Burdett 1979, Stone and Norberg 1979, fenkinson 
1978, Rhea 1977, Stone e t  81. 1962, Stone 1955). 

The degree t o  which a seedl ing  possesses t he  
a b i l i t y  t o  regenerate roo t s  cannot be v i s u a l l y  
determined and t h i s  led t o  t he  development of a 
t e s t  by Stone (1955) which has become a standard 
t e s t  t o  measure seedl ing  RGP, This t e s t  
involves removing any white growing t i p s  from a 
sample of seedl ings ,  pruning the  roo t s  t o  a 
spec i f ied  length,  and p lant ing  the  seedl ings  i n  
an environment optimum f o r  root  growth. Af t e r  
20 t o  30 days t h e  seedl ings  a r e  c a r e f u l l y  
excavated and t h e i r  new root  growth i s  
quant i f ied  . 

Ritckie  and Dunlap (1980) descr ibe  a need t o  
develop a f a s t e r  method f o r  eva lua t ing  seedl ing  
RCP than t h i s  s tandard t e s t  and a simpler  
t e s t i n g  system would be bene f i c i a l .  It i s  t h e  
ob jec t ive  of t h i s  study t o  develop a s impler ,  
l e s s  expensive, and quicker t e s t  t o  eva lua te  
l o b l o l l y  pine (Pinus taeda L.) root growth 
po ten t i a l .  



UTERIALS AND METRODS 

Two RGP t e s t i n g  systems were used i n  t h e  
s tudy.  A system s i m i l a r  t o  t he  s tandard  t e s t ,  
where s eed l i ngs  were grown f o r  24 days i n  s o i l ,  
was compared t o  a  15-day hydroponic system. The 
s e e d l i ngs  used i n  t h i s  s tudy  were 1-0 l o b l o l l y  
p ine  s eed l i ngs  grown ope ra t i ona l l y  by t h e  
V i rg in i a  Division of Fo re s t ry  a t  t h e i r  New Rent 
Nursery, Providence Forge, Vi rg in ia .  Samples of 
s i x t y  s eed l i ngs  were hand- l i f ted  from t h e  
nu r se ry  on September 1, 19,  October 6,  25, 
November 11, 22, and December 13,  1983, and on 
January 19,  February 2, Harch 1, 13,  and Apr i l  
2,  1984, On November 22 and December 13, 1983, 
and February 2, 1984 an a d d i t i o n a l  240 seedl ings  
were hand-l i f  t ed ,  placed i n t o  double layered 
polye thylene  bags, and s t o r ed  a t  O'C, 50 percent  
r e l a t i v e  humidity f o r  3 ,  6 ,  9,  and 12 weeks. 
The f r e s h l y  l i f t e d  s eed l i ngs  on t h e  t h r e e  cold 
s t o r a g e  l i f t  d a t e s  were used a s  a  zero s t o r a g e  
t rea tment .  Following each l i f t  o r  co ld  s t o r age  
t r e a tmen t ,  t h e  s eed l i ngs  had t h e i r  roo t  systems 
pruned t o  12 cm below t h e  roo t  c o l l a r  and any 
newwhi t e  g r o w i n g t i p s  wereremoved,  T h i r t y  
s e e d l i ngs  each were then  placed i n t o  t h e  two RGP 
t e s t  systems. 

F i f t e e n  seedl ings  were grown hydroponical ly 
i n  two r e p l i c a t e  37.8 l i t e r  (10 ga l l on )  f i s h  
aquariums i n  a  greenhouse a t  Vi rg in ia  
Poly technic  I n s t i t u t e  and S t a t e  Univers i ty  f o r  
15 days.  I n  t h i s  t e s t i n g  system t h e  seed l ings  
%ere  suspended i n  tap-water by i n s e r t i n g  them a t  
t h e i r  r o o t  c o l l a r s  i n t o  s l o t s  cu t  i n t o  sytrofoam 
r e c t a n g l e s ,  and then t he se  styrofoam pieces  were 
f l o a t e d  on t op  of t h e  water .  A i r  was bubbled 
i n t o  t h e  water  through two a i r  s t ones  i n  each 
aquarium using diaphragm a i r  pumps. The water  
temperature was maintained a t  ambient a i r  
temperature (minimum of 1 6 ' ~  n i g h t s  and up t o  27 
C days)  and 0.5 g of 20-20-20 (ni t rogen- 
phosphorus-potassium) was added t o  t h e  water  
(approximately 13  ppm f i n a l  concent ra t  ion) .  The 
o u t s i d e s  of t h e  aquariums were covered wi th  
aluminum f o i l  t o  prevent  sun l i gh t  from reaching 
t h e  r o o t s ,  t o  decrease a lgae  growth i n  t h e  
aquariums, and t o  he lp  maintain a  r e l a t i v e l y  
c ons t an t  water  temperature.  The seedl ings  were 
grown under a  16-hour photoperiod (mixture of 
gro-lux and cool  whi te  f l uo re scen t  l i g h t s  
suspended 50 cm above t h e  t ops  of t h e  
s e e d l i ngs ) .  Addi t iona l ly ,  t h e  whole system was 
placed under 30 percent  shade c l o t h  t o  he lp  
main ta in  more cons tan t  greenhouse temperature 
and l i g h t  regimes, 

The o t h e r  30 s eed l i ngs  f o r  each l i f t  d a t e  and 
cold s t o r a g e  t reatment  were t e s t e d  i n  a  s tandard  
t e s t  system s e t  up a t  t h e  Reynolds Research 
Center  i n  C r i t z ,  V i rg in i a ,  F i f t e e n  s eed l i ngs  
were p lan ted  i n t o  two r e p l i c a t e  46 X 10 X 41 ern 
( l eng th  X width X he ight  p l e x i g l a s s  wa t e r t i gh t  

t r a y s  conta in ing  Pro-Mix BX Premier g r o e h  
medium, Af t e r  being p lan ted  t h e  s eed l i ngs  were 
well  watered, allowed t o  d r a in  t o  f i e l d  
capac i ty ,  and then  t h e  t r a y s  were s toppered  and 
emersed i n  water  ba th s  he ld  a t  20 C. The water  
ba th  temperature was maintained with h e a t e r s  (or  
cool ing  u n i t s )  and water  was c o n s t a n t l y  
c i r c u l a t e d  around t h e  t r a y s  with a  c i r c u l a t i n g  
water  pump. The a i r  temperature was maintained 
a t  ambient a i r  temperature (15-27 C). The 
seed l ings  were grown under a  16-hour 
photoperiod. A f t e r  24 days t h e  s eed l i ngs  were 
c a r e f u l l y  excavated from t h e  s o i l  and t h e i r  
r oo t s  were washed t o  expose t h e  new wh i t e  r oo t  
growth . 

Af te r  t h e  15 days of hydroponic growth o r . 24  
days of growth i n  t h e  s o i l  system the  RGP of t h e  
seed l ings  was quan t i f i ed .  The new r o o t s  a r e  
e a s i l y  d i s t i ngu i shed  from t h e  o ld  growth by 
t h e i r  whi te  co lo r ,  and lack of p e r i d e m  and 
secondary th ickening .  The RGP parameters  
measured on s eed l i ngs  from both systems were: 

1. To t a l  number of new sho r t  r oo t s  
2. To t a l  number of new long r o o t s  
3. Sum of t h e  lengths  of t h e  new long r o o t s  

A sho r t  roo t  was a  new root  wi th  a  l eng th  
0.50-1.49 cm, and a long roo t  was a  new root  2 
1.50 cm i n  length .  A l l  l eng ths  were measured t o  
t h e  nea r e s t  cen t imeter .  RGP was then expressed 
a s  t h e  t o t a l  number of new r o o t s  (number of  new 
sho r t  + number of new long r o o t s )  and a s  t h e  
t o t a l  l ength  of new r o o t s  ( t o t a l  number of new 
sho r t  r o o t s  + sums of t h e  lengths of t h e  new 
long r o o t s ) .  

The f r e s h  l i f t  and co ld  s t o r age  RGP r e s u l t s  
were analyzed s epa ra t e ly .  Analyses of va r i ance  
and regress ion  techniques were u t i l i z e d  t o  
compare t h e  two RGP t e s t  systems. The 
experiment a 1  des ign  was a  randomized complete 
block des ign  with t h e  t e s t  systems and l i f t  d a t e  
(and co ld  s t o r age  du ra i i on )  t h e  f a c t o r s  i n  t h e  
ana lyses .  A l l  of t h e  ana lyses  were based on 
p l o t  means of 30 s eed l i ngs .  

RESULTS 

The r e s u l t s  presented i n  t h i s  paper w i l l  be 
those  r e l evan t  t o  t h e  comparisons of t h e  two RGP 
t e s t i n g  systems only.  The e f f e c t s  of t ime of 
l i f t  and co ld  s t o r age  on t h e  RGP w i l l  no t  be 
a d d r e ~ s e d  s i n c e  t he se  t o p i c s  a r e  o u t s i d e  t h e  
scope of t h e  o b j e c t i v e s  of t h e  study. 

The ranges and o v e r a l l  mean va lues  f o r  t h e  
t o t a l  number and t o t a l  length sf new r o o t s  p e r  
seed l ing  from t h e  l i f t  over  time and co ld  
s t o r age  experiments f o r  both systems a r e  l i s t e d  
i n  Table 1. The r e s u l t s  of t h e  l i f t  over  t ime 
experiment a r e  shown i n  F igures  1 and 2, whi le  
t h e  cold s t o r age  r e s u l t s  f o r  each co ld  s t o r a g e  
l i f t  d a t e  a r e  i l l u s t r a t e d  i n  Figures 3 and 4. 



Table 1.--Range and mean (n=30) v a l u e s  of t o t a l  number and t o t a l  l e n g t h  
of new r o o t s  from t h e  c o l d  s t o r a g e  and l i f t  over  t ime experiments .  

- - - - - - - - - - - - - - - - - - C d d  S t o r a g e  E x p e r t m e n t - - - - - - - - - - - - - - - - - -  L l f t  O v e r  Tlme 

November  LI f t  D e c e i i ~ b e r  L  i  f  t F e b r u a r y  L i f t  
E x o e r i m e n t  

- - - T e s t  S y s t e m - - -  - - - T e s t  Sys te r i i - - -  - - - T e s t  Syster i i - - -  - - - T e s t  S y s t e m - - -  

S o t 1  H y d r o p o n i c  S o i l  H y d r o p o n r c  S o 1 1  Hydroponic $011 H y d r o p o n i c  

Maximum 2 4 . 9  1 4 . 0  3 4 . 4  1 2 . 0  2 9 . 0  1 2 . 7  2 3 . 2  1 2 . 1  

Minimum 1 1 . 7  4 . 1  5 . 6  4 . 1  1 5 . 1  3 . 8  1 . 7  0 . 5  

Mean 1 8 . 5  8 . 9  2 0 . 3  9 . 1  2 1 . 9  7 . 0  1 2 . 4  4 .8  

Maximum 8 9 . 1  3 0 . 4  1 0 2 . 7  2 3 . 7  6 4 . 6  2 6 . 4  6 6 . 7  2 1 . 3  

Minimum 2 0 . 9  6 . 1  1 1 . 9  4 . 5  2 8 . 5  4 . 9  2 . 1  0 . 5  

Mean 5 2 . 5  1 5 . 4  5 6 . 6  1 6 . 9  4 8 . 7  1 2 . 4  2 9 . 4  7 .8  

F i g u r e  I . - -Relat ionship between time of l i f t  and mean (n=30) t o t a l  number o f  
new r o o t s  f o r  t h e  hydroponic (a-a) and s o i l  (A--1) r o o t  growth 
p o t e n t i a l  t e s t  s y s t m s .  



Figure  2.--Relat ionship between t ime of l i f t  and mean (n=30) t o t a l  l e n g t h  of 
new r o o t s  f o r  t h e  hydroponic (I3 - 0 )  and s o i l  ( A - - A )  r o o t  growth 
p o t e n t i a l  t e s t  systems. 
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F i g u r e  3.- -Effect  of  t ime of l i f t  and co ld  
s t o r a g e  on mean (n=30) t o t a l  new r o o t  
number f o r  t h e  hydroponic (a -0) and 
s o i l  (A - -A ) r o o t  growth p o t e n t i a l  t e s t  
systems. 

F i g u r e  4.- -Effect  of  t ime of l i f t  and c o l d  
s t o r a g e  on mean (n=30) t o t a l  new r o o t  
l e n g t h  f o r  t h e  hydroponic (P-0) and 
s o i l  ( A - - A )  r o o t  growth p o t e n t i a l  t e s t  
sys terns. 



Each po in t  i n  t he se  fou r  f i g u r e s  r ep r e sen t s  a  
p l o t  mean of 30 s eed l i ngs ,  

The f i g u r e s  i n d i c a t e  t h a t  in both experiments 
number and length  of new r o o t s  on s eed l i ngs  from 
the  24-day s o i l  t e s t  was always g r e a t e r  than  t h e  
comparable va lue  from t h e  hydroponic system, 
The f i g u r e s  a l s o  i l l u s t r a t e  t h a t  gene ra l l y ,  when 
RGP was poor it was poor i n  both systems, 
However, when RGP was "'goodfg, a s  evidenced by 
abundant numbers and long lengths  of r oo t s ,  
t h e r e  was a g r e a t e r  d i f f e r ence  i n  t h e  abso lu t e  
r e s u l t s  between t h e  two systems, Despite  t h e  
divergence a s  RGP inc r ea se s ,  both systems show 
r e l a t i v e l y  t h e  same p a t t e r n  from sample po in t  t o  
sample po in t  a s  shown i n  Figures 1 through 4. 

As w u l d  be expected a f t e r  examining F igures  
1 and 2 ,  t h e  ana lyses  of va r i ance  f o r  t h e  l i f t  
over  t ime experiment ind ica ted  t h a t  t h e  RGP t e s t  
systems d i f f e r e d  s i g n i f i c a n t l y  ( a = 0 . 0 1 )  f o r  
both mean t o t a l  number and mean t o t a l  l ength ,  
This  was t r u e  f o r  t h e  co ld  s t o r age  experiment a s  
we l l ;  bo th  mean t o t a l  number and length  d i f f e r e d  
s i g n i f i c a n t l y  (a =0.01) f o r  each of  t h e  t h r e e  
cold s t o r a g e  l i f t  d a t e s  when analyzed s epa ra t e ly  
o r  t oge the r ,  

The c o r r e l a t i o n  and Spearman rank c o r r e l a t i o n  
c o e f f i c i e n t s  between t h e  two t e s t  systems f o r  
both experiments a r e  l i s t e d  i n  Table 2. The 
r e l a t i v e l y  low and nons ign i f i c an t  c o e f f i c i e n t s  
f o r  t h e  February co ld  s t o r age  comparisons a r e  
due p a r t i a l l y  t o  t h e  f a c t  t h a t  RGP d id  no t  vary 
s i g n i f i c a n t l y  over  time i n  cold s torage .  

Table  2 . - -Coef f i c i en t s  f o r  t h e  c o r r e l a t i o n s  and 
Spearman rank  c o r r e l a t i o n s  between t h e  hydroponic  
and s o i l  RGP t e s t  sys tems  f a r  t h e  c o l d  s t o r a g e  
and t ime  a f  l i f t  exper imen t s .  
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Simple l i n e a r  r eg r e s s ions  f o r  t h e  model: 
Average To t a l  Number - BO +  time of L i f t )  
were f i t  s epa r a t e ly  t o  t h e  s o i l  system (R2 = 
0.42) and hydroponic system (R;? 0.74) d a t a  
s e t s ,  and t h e  t e s t  f o r  d i f f e r e n t  s lopes  between 
t he se  two l i n e s  was no t  s i g n i f i c a n t  (a =0,05), 
The same r e s u l t s  were obtained from t h e  s imple 
Linear r eg r e s s ions  f o r  average t o t a l  l eng th  (R2 
= 0.42 f o r  t h e  s o i l  system, R -  = 0.77 f o r  t h e  
hydroponic system).  Since t h e r e  were on ly  f i v e  
po in t s  pe r  r eg r e s s ion  l i n e  f o r  each of t h e  co ld  
s t o r age  L i f t  d a t e s ,  t h e  t e s t  f o r  p a r a l l e l  s l opes  
was conducted on t h e  d a t a  pooled from a l l  t h r e e  
l i f t  d a t e s .  The s l opes  f o r  t h e  model: Average 
To t a l  Kumber = Bo + El (Storage Durat ion)  d i d  no t  
d i f f e r  s i g n i f i c a n t l y  ( a =  0.05) between t h e  two 
t e s t  systems ( s o i l  system R ' = 0.54, hydroponic 
system R 2 =  0.59) S imi la r  r e s u l t s  were ob ta ined  
from t h e  simple l i n e a r  regress ions  of average  
t o t a l  l ength  of new r o o t s  ( s o i l  system K~ = 
0.37, hydroponic system R* = 0.56). 

I n  add i t i on ,  ana lyses  of var iance  were 
conducted f o r  t h e  l i f t  over  time and co ld  
s t o r age  experiments where t o t a l  number of new 
r o o t s  from t h e  hydroponic system was compared t o  
t h e  t o t a l  number of long r o o t s  only from t h e  
s o i l  RGP t e s t  system. The r e s u l t s  of t h i s  
a n a l y s i s  i nd i ca t ed  no s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  two systems (a .=0.05).  

F i n a l l y ,  a  nonparametric s i gns  t e s t  a s  
descr ibed  by Conover (1980) was conducted on 
da t a  pooled from both t h e  l i f t  over  t ime and 
cold s t o r age  experiments. This  t e s t  examined 
t h e  p a t t e r n  between success ive  po in t s  f o r  each 
RGP system and t e s t e d  t o  s ee  i f  t h e  f a c t  t h a t  
RGP increased o r  decreased simultaneously i n  
both systems from po in t  t o  po in t  was random. 
The r e s u l t  of t h i s  t e s t  was no t  s i g n i f i c a n t  f o r  
botb average t o t a l  number and length .  
Therefore,  t h e  i n t e r p r e t a t i o n  was made t h a t  bo th  
systems produced s i m i l a r  t r ends  from sample 
po in t  t o  sample p o i n t ,  and t h e  s i m i l a r i t y  of 
t he se  t r ends  was no t  random. 

DISCUSSION 

Ri t ch i e  and Dunlap (1980) s t r e s s  t h a t  t h e  
environmental condi t ions  of an RGP t e s t  can 
s u b s t a n t i a l l y  in f luence  t h e  t e s t  r e s u l t s .  This  
is t r u e  i n  t h i s  s tudy  when t h e  abso lu t e  va lue s  
between t h e  s tandard  s o i l  t e s t  and hydroponic 
RGP t e s t  a r e  compared. The f a c t  t h a t  RGP was 
always g r e a t e r  i n  t h e  s o i l  system was no t  
unexpected s i n c e  t h e  s eed l i ngs  were grown f o r  an 
a d d i t i o n a l  n ine  days i n  t h e  s o i l  system. The 
r e l a t i o n s h i p  between t h e  r e s u l t s  of t h e  two 
systems can be i n t e r p r e t e d  from t h e  comparison 
of t o t a l  number of new r o o t s  i n  t h e  hydroponic 
system t o  t h e  t o t a l  number of new long r o o t s  
only i n  t h e  s o i l  system. The nons ign i f i c an t  
s t a t i s t i c a l  r e s u l t s  of t h e  ana lyses  f o r  bo th  



exper iments  sugges t s  t h a t  t h e  r o o t s  being 
i n i t i a t e d  wi th in  15 days a r e  p r i m a r i l y  those  
which r a p i d l y  e longa te  t h e  fol lowing n i n e  days.  
These r o o t s ,  t h e r e f o r e ,  produce most of t h e  
t o t a l  new root  length nieasured i n  t h e  s o i l  
s y s t e m -  This  e longa t ion  i n  t h e  a d d i t i o n a l  n i n e  
days o f  t h e  s o i l  t e s t  a l s o  e x p l a i n s  why t h e  
d i f f e r e n c e s  a r e  g r e a t e r  between t h e  two systems 
when RGP i s  high.  

D e s p i t e  t h e  d i f f e r e n c e s  i n  a b s o l u t e  RGP 
v a l u e s  measured from t h e  two systems, r e l a t i v e  
r e s u l t s  from both experiments  support  t h e  
v a l i d i t y  of t h e  hydroponic system f o r  measuring 
l o b l o l l y  pine seed l ing  RGP. When RGP was poor ,  
i t  was g e n e r a l l y  poor i n  bo th  systems,  As RGP 
i n c r e a s e d ,  i t  increased  i n  both systems,  bu t  t o  
a  g r e a t e r  e x t e n t  i n  t h e  s o i l  system. As 
p r e v i o u s l y  mentioned, t h i s  g r e a t e r  d i f f e r e n c e  
when RGP i s  h igh  i s  probably p r i m a r i l y  due t o  
t h e  e x t r a  n i n e  days of growth i n  t h e  s o i l  
sys tem.  However, ano ther  c o n t r i b u t i n g  f a c t o r  
cou ld  be t h a t  t h e  hydroponic system i s  l e s s  
f a v o r a b l e  f o r  growth. Lor io  e t  a l .  (1972) 
r e p o r t e d  t h a t  t h e  roo t  systems of mature 
l o b l o l l  y  p i n e  t r e e s  were s e n s i t i v e  t o  
wate r logging  and produced fewer f i b ~ o u s  r o o t s  i n  
t h e s e  s o i l s .  Whether t h i s  i s  t r u e  f o r  l o b l o l l y  
p i n e  seed l2ngs  i n  a e r a t e d  hydroponic systems i s  
unknown. However, even i f  t h e r e  i s  some s l i g h t  
d e p r e s s i o n  of RGP i n  t h e  hydroponic t e s t ,  t h i s  
sys tem can s t i l l  be used i f  t h e  same r e l a t i v e  
r e s u l t s  a r e  achieved i n  bo th  t e s t s ,  which was 
t r u e  f o r  t h e  d a t a  i n  t h i s  s tudy.  

Examination of t h e  r e l a t i v e  r e s u l t s  from t h e  
two systems shows t h a t  RGP responded s i m i l a r l y  
bo th  o v e r  time and fo l lowing  co ld  s t o r a g e .  Most 
of t h e  c o r r e l a t i o n s  were s i g n i f i c a n t  and 
r e l a t  i v e l y  high.  Addit i o n a l l y ,  t h e  
n o n s i g n i f i c a n t  d i f f e r e n c e  between s l o p e s  of 
r e g r e s s i o n s  f i t  s e p a r a t e l y  t o  t h e  d a t a  of both 
t e s t  systems i n d i c a t e s  t h a t  bo th  systems show 
s i m i l a r  o v e r a l l  RGP responses t o  time of l i f t  
and c o l d  s t o r a g e .  

The p a t t e r n  of RGP changes from sample d a t e  
t o  sample d a t e  i s  s i m i l a r  i n  both systems f o r  
bo th  experiments .  This  i s  v i s u a l l y  ev iden t  i n  
F i g u r e s  1 through 4 and i s  supported 
s t a t i s t i c a l l y  by t h e  lack  of s t a t i s t i c a l  
s i g n i f i c a n c e  i n  t h e  s i g n s  a n a l y s i s .  The major 
d i f f e r e n c e s  in  r e l a t i v e  r e s u l t s  between t h e  two 
sys tems  occurred p r i m a r i l y  i n  l a t e  A p r i l  and 
May. During t h i s  time of year  t h e  growth 
environments  i n  t h e  t e s t  systems were becoming 
unfavorab le  f o r  o v e r a l l  s e e d l i n g  growth, 
p a r t i c u l a r l y  f o r  t h e  s o i l  system. Ai r  
t empera tures  of t h e  greenhouses were r e l a t i v e l y  
h igh  caus ing  t r a n s p i r a t i o n a l  l o s s e s  i n  t h e  
s e e d l i n g s  b e f o r e  new r o o t  growth began. This  
was t r u e  even i n  t h e  hydroponic system and was 
e v i d e n t  by decreased t u r g o r  i n  t h e  shoots .  
S t r e s s f u l  t empera ture  c o n d i t i o n s  were n o t  always 
uniform between t h e  t e s t  systems (sunny, ho t  
days i n  C r i t z  c o i n c i d i n g  with cloudy,  c o o l e r  
days i n  Blacksburg) and t h i s  probably 

c o n t r i b u t e d  t o  d i f f e r e n c e s  i n  RGP changes 
between t h e  two systems. 

Despi te  s t a t i s t i c a l  d i f f e r e n c e s  i n  t h e  
a b s o l u t e  RGP r e s u l t s  between t h e  two t e s t  
systems, t h e  r e l a t i v e  RGP r e s u l t s  a r e  
comparable. Therefore,  i t  appears  t h a t  t h e  
15-day hydroponic system i s  a  v i a b l e  a l t e r n a t i v e  
t o  t h e  s tandard  24-day s o i l  system. The 
hydroponic system has s e v e r a l  advantages over  
t h e  s o i l  system. The hydroponic system a v o i d s  
l o s s e s  i n  p r e c i s i o n  due t o  breakage and l o s s  of 
new r o o t s  which can occur dur ing  t h e  e x c a v a t i o n  
of t h e  s e e d l i n g s  from t h e  s o i l  system. R e s u l t s  
can a l s o  be obtained n i n e  days sooner wi th  t h e  
hydroponic system. Less t ime i s  needed p u t t i n g  
t h e  s e e d l i n g s  i n  and g e t t i n g  them o u t  of t h e  
hydroponic system. For a  sample of 30 
s e e d l i n g s ,  t h i s  t a k e s  on ly  15 minutes  f o r  t h e  
hydroponic system but  r e q u i r e s  one hour f o r  t h e  
s o i l  system. A d d i t i o n a l l y ,  l e s s  space  i s  
requ i red  f o r  t h e  hydroponic system. Up t o  90 
s e e d l i n g s  can be t e s t e d  i n  one 37.8 (10  g a l l o n )  
aquarium which can e a s i l y  be s e t  up on a  desk. 
This  i s  i n  c o n t r a s t  t o  t h e  t r a y  and wate rba th  
space needed f o r  90 s e e d l i n g s  i n  t h e  s o i l  t e s t  
system. 

F i n a l l y ,  t h e  hydroponic system i s  s i m p l e r  and 
l e s s  expensive t o  e s t a b l i s h .  Most of t h e  
s u p p l i e s  can be ob ta ined  from a  hobby o r  p e t  
shop, and t h e  i n i t i a l  c o s t  p e r  aquarium (based 
on 60 s e e d l i n g s  per  aquarium) i s  l e s s  than  10 
d o l l a r s .  This  i s  s i g n i f i c a n t l y  l e s s  expensive 
than t h e  s o i l  system which c o s t s  o v e r  t h r e e  
hundred d o l l a r s  p e r  15 s e e d l i n g s  t o  e s t a b l i s h .  
Once t h e  t e s t  systems a r e  e s t a b l i s h e d  t h e  c o s t  
of t h e  growth medium causes g r e a t 2 r  expense f o r  
t h e  s o i l  system, and t h e  c o s t s  incur red  by t h e  
longer  d u r a t i o n  of t h e  s o i l  t e s t  and a d d i t i o n a l  
time r e q u i r e d  t o  p l a n t  t h e  s e e d l i n g s  and 
excavate  them a r e  a l s o  h i g h e r  f o r  t h e  s o i l  
system. 

CONCLUSIONS 

The r e s u l t s  of t h i s  experiment i n d i c a t e  t h a t  
t h e  hydroponic system descr ibed  i n  t h i s  paper  
can be used t o  measure l o b l o l l y  p ine  RGP. It i s  
a  s impler ,  l e s s  expensive,  and f a s t e r  t e s t  t h a n  
t h e  s tandard  s o i l  RGP t e s t  system. Although 
fewer numbers and l e s s  t o t a l  l eng th  of new r o o t s  
a r e  measured i n  t h e  hydroponic system, 
comparable r e l a t i v e  RGP r e s u l t s  wi th  t h e  s o i l  
system a r e  ob ta ined .  As long a s  t e s t  c o n d i t i o n s  
a r e  favorab le  f o r  r o o t  and shoot  growth, and 
t h e s e  c o n d i t i o n s  a r e  r e l a t i v e l y  c o n s t a n t ,  any 
d i f f e r e n c e s  i n  r e l a t i v e  RGP responses between 
t h e  two systems should be minimal. The 
disadvantage of t h e  occas iona l  d i s c r e p a n c i e s  
between t h e  r e l a t i v e  r e s u l t s  of t h e  two systems 
i s  outweighed by t h e  many advantages of t h e  
hydroponic system. 
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ROOT WRENCHING AtJD TOP PRUNING EFFECTS ON 

LORI.OLLY PINE RI1P.S FRY S EFDLTl!C D EVELOPIIEPT~' 

2 1 A. E. H i l l e r ,  R. W. Rose, and K. F. Ray- 

Abs t rac t . - -Lob lo l ly  p i n e  (F jnus  t z e d a  L . )  s e e d l i n g s  
growing i n  n u r s e r y  beds  were L e f t  u n d i s t u r b e d ,  wrcnclled once 
i n  November, o r  wrenched once n month f o r  I ,  7 ,  end 3 months 
c o ~ s e c u t i v e l y  b e f o r e  wrenching i n  November. S o i l  b r ~ t k  d e n s i t y  
and s e e d l i n g  morphology were  determined d u r i n g  t h e  f i r s t  week 
of August ,  Scpternber,  Oc tober ,  November, and December. Seed-  
l i n g  s t a r c h  and n u t r i e n t  c o n t e n t  were  a l s o  measured. A  f i n a l  
measurement was c a d e  d u r i n g  mid-month ! i F t i n g  i n  January  and 
i n c l u d e d  d e t e r m i n a t i o n  of r o o t  growth p o t e n t i a l .  Soi! b u l k  
densj - ty  i n  t h e  seedbeds  d e c l i ~ e d  a s  wrenching f requency  
i n c r e a c e d .  S e e d l i n g  h e i g h t  and d i a m e t e r  growth were  s i p n i f i -  
c a n t l y  reduced by wrenching compared w i t h  u n t r ~ n t e d  s e e d l i n g s .  
Foot  s t a r c h  was s i g n i f i c a n t l y  lower  i n  wrenched s e e d l i n g s  b u t  
d i d  n o t  d i f f e r  w i t h  wrenching f r equency .  Thcre  were  no  d i f f e r -  
e n c e s  i n  n u t r i e n t  c o n t e n t  o r  r o o t  growth p o t e n t i a l  among any 
t r e a t m e n t s .  P v e r a l l ,  t h e  r e s u l t s  show t h a t  wrenching reducecl. 
s e e d l i n g  growth and s t a r c h  c o n t e n t  w i t h o u t  a l t e r i n g  n u t r i e n t  
c o n t e n t  and r o o t  grcweh p o t e n t i a l .  Outplc7,nting s u r v i v a l  and 
growth w i l l  b e  examined a f t e r  comple t ion  of a  y e a r ' s  prowth. 

INTRODUCTION 

A v a r i e t y  of c u l t u r a l  p r a c t i c e s  a r e  used  !n 
f o r e s t  t r e e  n u r s e r i e s .  Two comnon c u l t u r a l  t ech-  
n i q u e s  u s e d  i n  t h e  s o u t h e a s t  a r e  r o o t  wrenching 
and t o p  p r u n i n g ,  which a l t e r  s e e d l i n g  morphology 
and b iomass  ( l i s t r i b u t i o n .  Wrenching i n v o l v e s  
p a s s i n g  a t i l t e d  b l a d e  under  t h e  seedbed t o  
s e v e r  s e e d l i n g  r o o t s  and a e r a t e  t h e  so3.l. The 
i n t e n d e d  e f f e c t s  a r e  t o  s low s e e d l i n g  h e i g h t  
growth,  s t i m u l a t e  l a t e r a l  r o o t  development ,  and 
a t t a i n  b e t t e r  b a l a n c e  between s h o o t s  and r o o t s ,  
Top p r u n i n g  i n v o l v e s  r e d u c i n g  s e e d l i n g  h e i g h t s  
by c u t t i n g  t h e i r  s h o o t s ,  t h e r e b y  a l t e r i n g  t h e  
i n f l u e n c e  o f  a p i c a l  bud a c t i v i t y  on s e e d l i n g  
development  and r e d u c i n g  d i f f e r e n c e s  i n  h e i g h t  
caused b y  v a r i a t i o n  i n  t h e  seedbed.  Both of 

I'I?aper p r e s e n t e d  a t  T h i r d  B i e n n i a l  
S o u t h e r n  S i l v i c u l t u r a l  Research Confe rence ,  
A t l a n t a ,  Georg ia ,  November 7-8, 1984. 

2 - ' ~ s s i s t a n t  P r o f e s s o r ,  Department of 
F o r e s t r y ,  Clemson U n i v e r s i t y ,  Clemson, South 
C a r o l i n a ;  Research S c i e n t i s t ,  Mestvaco 
C o r p o r a t i o n ,  Summervi l le ,  South C a r o l i n a ;  and 
fo rmer  A s s i s t a n t  P r o f e s s o r ,  Department o f  
F o r e s t r y ,  Clemson U n i v e r s i t y ,  Clemson, South 
C a r o l i n a ,  K. F. Ray is  c u r r e n t l y  Resea rch  
F o r e s t e r ,  I n t e r n a t i o n a l  Paper  Company, Na tchez ,  
f i f i s s i s s i p p i .  

t h e s e  c u l t u r a l  t e c h n i q u e s  a r e  in t ended  t o  
promote development of s e e d l i n g s  t h a t  p r o v i d e  
improved s u r v i v a l  and growth when o u t p l a n t e d  i n  
t h e  f i e l d .  

V a r i a t i o n s  i n  f i n a l  s e e d l i n g  s i z e  have  been 
used t o  g r a d e  p l ~ n t i n g  s t o c k  f o r  q u a l i t y  (T~:akeley 
1954) .  E e i g h t ,  d i a m e t e r ,  o r  shoo t - roo t  r a t i o  
have h i s t o r i c a l l y  been used a s  s t a n d g r d s  due t o  
t h e i r  e a s e  of measurement. However, t h e  u s e  of 
morphological  c h a r a c t e r i s t i c s  t o  judge a  seed-  
l i n g ' s  c a p a c i t v  t o  s u r v i v e  and grow once i t  h a s  
b ~ e n  o u t p l a n t e d  h a s  been q u e s t i o n e d  f o r  some 
t i m e  (Wakefey 1971).  V a r i a b l e  s u r v i v a l  and 
p e r i o d i c  p l a n t i n g  f a i l u r e s  a l l  a t t e s t  t o  t h e  
f a l l i b i l i t y  o f  morpho log ica l  g r a d e s  and s u g g e s t  
t h a t  i n t e r n a l  p h y s i o l o g i c a l  f a c t o r s  may a l s o  
c o n t r o l  growth. S e e d l i n g  p h y s i o l o g i c a l  q u a l i t y  
may be  m ~ a s u r e d  by r o o t  growth a f t e r  p l a n t i n g ,  
b u t  i t  canno t  b e  p r e d i c t e d  v i s u a l l y ,  

Numerous s t u d i e s  have shown t h a t  r e d u c t i o n s  
i n  s c ~ d l i n g  s i z e  and growth occur  a f t e r  wrenching 
i n  seedbeds ,  b u t  r e s u l t s  a r e  o f t e n  mixed when 
compared t o  o u t p l a n t i n g  performance.  n u r y e a  and 
bavender  (1982) and S t e i n  (1984) found r e d u c t i o n s  
i n  s i z e  and we igh t  of wrenched Doug las - f i r  
(Pseudotsuga m e n z i e s i i  [Mirb. ]  Franco)  n u r s e r y  
s e e d l i n g s ,  b u t  s u r v i v a l  and growth were  n o t  
improved a f t e r  o u t p l a n t i a g .  O t h e r s  (Tanaka e t  
a l .  1P76, Koon and O'Del1 1977,  van den n r i e s s c h e  
1983) obse rved  s i m i l a r  morpho log ica l  chanpes  i n  



wrenched Douglas-f i r  which d i d  show improved 
f i e l d  s u r v i v a l  and growth, Shoulders  (1963) 
found t h a t  xgrenching reduced t h e  s i z e  of l o b l o l l y  
p i n e  (g. t aeda  L.) and s l a s h  p i n e  (E, e l l i o t t i  
Engelm,) nurse ry  s e e d l i n g s  wi thout  improving 
f i e l d  s u w i v a l ,  whi le  wrenched Longleaf p i n e  

<Eg E f i l l ,  ) had b e t t e r  s u r v i v a l  than  
nonwrenched s e e d l i n g s ,  Rook (1971) and 
van Dorsser  and Rook (1971) repor ted  wrenching 
Nonterey p i n e  (P, r a d i a t a  D.  on) nursery  
s e e d l i n g s  reduces t h e i r  shoot  growth, produces a  
compact mass of f i b r o u s  r o o t s ,  r e s u l t s  i n  a  low 
s h o o t / r o o t  r a t i o ,  and improves f i e l d  s u r v i v a l .  
Th is  s t u d y  r e p o r t s  t h e  e f f e c t s  of r o o t  wrenching 
and top  c l i p p i n g  on t h e  s i z e ,  n u t r i e n t  and 
s t a r c h  c o n t e n t ,  and r o o t  growth p o t e n t i a l  of 
f o b l o l l y  p i n e  p l a n t i n g  s t o c k  a t  l i f t i n g ,  

MATERIALS AN? ;?IETW(mS 

L o b l o l l y  p i n e  seed from CFarleston County 
i n  t h e  South Caro l ina  c o a s t a l  p l a i n  were sown i n  
beds a t  t h e  Westvaco Corporat ion nursery  i n  
Ravenel,  South Caro l ina .  The s o i l  i n  t h e  
nurse ry  i s  a Wagram loamy f i n e  sand moderately 
low i n  pH, o rgan ic  m a t t e r ,  and i n h e r e n t  
f e r t i l i t y .  The s u b s o i l  i s  loamy w i t h  moderate 
wate r  permeabi l i ty ,  w h i l e  t h e  s u r f a c e  s o i l  
e x h l b i t s  r a p i d  i n f i l t r a t i o n  and i s  w e l l  a e r a t e d .  
A l l  n u r s e r y  beds were sown i n  e a r l y  A p r i l ,  19-33, 
a t  a  seed d e n s i t y  which produced an  average of 
30 (55) s e e d l i n g s  per  square  f o o t  a t  t h e  end of 
t h e  growing season i n  January.  Routine nursery  
c u l t u r a l  p r a c t i c e s  were a p p l i e d  t o  t h e  beds used 
f o r  t h i s  s tudy  dur ing  t h e  r e s t  of t h e  growing 
season.  

An a r e a  having s i x  n u r s e r y  beds was randomly 
s e l e c t e d  dur ing  mid-June. The two beds i n  t h e  
middle of t h e  s e l e c t e d  l o c a t i o n  were separa ted  
by an i r r i g a t i o n  p i p e  w i t h  s p r i n k l e r s  and were 
excluded from t h e  s tudy.  Four beds,  two l o c a t e d  
on each s i d e  of t h e  two excluded beds,  were 
d iv ided  i n t o  f i v e  fo r ty - foo t  long p l o t s  separa ted  
by ten-foot  long bed s e c t i o n s  s e r v i n g  a s  b u f f e r  
s t r i p s .  L a t e r  i n  t h i s  s t u d y ,  s e e d l i n g s  i n  two 
of t h e s e  f o u r  beds showed d i s e a s e  symptoms t h a t  
were s u g g e s t i v e  of Pythium spp. i n f e c t i o n m  The 
e n t i r e  experiment was t r e a t e d  wi th  Subdue t o  
a l l e v i a t e  t h e  d i s e a s e ,  bu t  t h i s  chemical seemed 
t o  have a  minimal e f f e c t .  The symptoms were 
confined t o  beds t h r e e  and f o u r ,  which a r e  
included i n  t h e  a n a l y s i s ,  

Treatments 

F ive  wrenching t r e a t m e n t s  were a p p l i e d  i n  
each n u r s e r y  bed. P l o t s  i n  each bed were 
randomly ass igned  one of t h e  fo l lowing  t r e a t -  
ments: ( I )  no wrenching; (2)  wrenching once i n  
November; and wrenching once each month i n  (3)  
October and November, (4)  September, October, 
and November, and ( 5 )  August, September, 
October, and November. A l l  wrenching t rea tments  
were a p p l i e d  i n  t h e  a f te rnoon  n e a r  t h e  f i r s t  day 
of each month us ing  a  sharpened ha l f - inch  t h i c k ,  
5-inch wide s t e e l  b lade  p u l l e d  behind a  t r a c t o r .  

Narrow t r e n c h e s  were dug a c r o s s  t h e  bed i n  t h e  
b u f f e r  s t r i p  on both ends of a p l o t  t o  i n s e r t  t h e  
t ~ n d e r c u t t i ~ t g  I.lac"e Fo a depth of 7-8 inches  below 
t h e  bed s u r f a c e ,  The b lade  r a i s e d  t h e  bed 
s u r f a c e  and s e e d l i n g s  about one inch  a s  i t  w a s  
p u l l e d  through t h e  s o i l  , 'I eaving c racks  i n  t h e  
s o i l  s u r f a c e .  Following wrenchtng, t h e  b u f f e r  
a r e a  t r e n c h e s  were F i l l e d  wi th  s o i l  and t h e  
s t u d r  a r e a  was i r r i g a t e d  f o r  EO minutes t o  
reduce s e v e r e  w i l t i n g .  

Each wrenching t rea tment  p l o t  w a s  d i v i d e d  
f u r t h e r  i n t o  t h r e e  13-foot long s u b p l o t s ,  and a 
top-c l ipp ing  t rea tment  was appl ied  t o  each 
suhplo t .  A subplo t  w a s  top-clipped only once. 
Cl ipp ing  was appliec? mid-month about two weeks 
a f t e r  wrenching dur ing  August, September, and 
October. Top c l i p p i n g  was done w i t h  a  bushhog a t  
a 7-8 inch  h e i g h t  afiove t h e  bed s u r f a c e  i n  August 
and September and a 9-10 inch  h e i g h t  i n  October .  

Measurements 

F ive  s e e d l i n g s  were l i f t e d  from t h e  middle 
a r e a  of each subplo t  i n  August, September, 
October ,  November, 1983, and January ,  1984. 
These samples represen ted  s e e d l i n g  c o n d i t i o n  one 
month a f t e r  a  wrenching t rea tment  and were 
c o l l e c t e d  t h e  day a  new wrenching t rea tment  was 
scheduled except  f o r  January when l i f t i n g  k7as a t  
mid-month. L i f t i n g  was accomplfshed by s h o v e l i n g  
a  b a l l  of sod conta in ing  s e e d l i n g s  i n t o  a 
w a t e r - f i l l e d  bucket ,  Undamaged r o o t s  were e a s i l y  
f r e e d  from t h e  sod a f t e r  soaking,  and f i v e  
v i s u a l l y  r e p r e s e n t a t i v e  s e e d l i n g s  were s e l e c t e d  
and p laced  i n  a  p rev iovs ly  l a b e l e d  z i p l o c k  
sandwich bag. The bags were pu t  i n  an ice-cooled 
c h e s t  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  A l l  
s e e d l i n g  samples were placed i n  a  l a b o r a t o r y  
f r e e z e r .  The f rozen  bags were removed f o r  
s e e d l j n g  measurements which were r o u t i n e l y  
completed w i t h i n  a  three-week per iod .  

I n  a d d i t i o n ,  one s o i l  core  sample was 
removed from each subplo t  f o r  bu lk  d e n s i t y  
measurement dur ing  a l l  sample months except  
January.  @e s o i l  bulk d e n s i t y  core  sampler 
( S o i l  T e s t  ) used removed a 200 c c  volume. This  
sample was p laced  i n  an  a i r t i g h t  t i n  and brought  
t o  t h e  l a b o r a t o r y .  I n  t h e  l a b o r a t o r y ,  s o i l  
samples were d r i e d  a t  105'6 f o r  5 days i n  a  
fo rced  a i r  oven and then  weighed. Bulk d e n s i t y  
was c a l c u l a t e d  i n  grams p e r  cc.  The November 
bu lk  d e n s i t y  s a n p l e s  were a l s o  analyzed f o r  
percen t  sand,  s i l t  and c l a y  by t h e  p i p e t  s o i l  
t e x t u r e  method (Bauer e t  a l .  1972). 

Each s e e d l i n g  was measured f o r  h e i g h t  and 
c a l i p e r  and then  separa ted  i n t o  n e e d l e s ,  s tem, 
t a p r o o t  and l a t e r a l  r o o t s .  Dry weight of 
separa ted  s e e d l i n g  p a r t s  was determined a f t e r  
48 hours  d ry ing  a t  80°C i n  a  fo rced  a i r  oven and 
weighed us ing  a  l a b o r a t o r y  balance.  

Following dry ing  and weighing, s e p a r a t e d  
s e e d l i n g  p a r t s  from t h e  5 s e e d l i n g s  i n  each 
subplo t  were combined i n t o  one composite sample 
and then  ground t o  p a s s  through a 40-mesh sc reen  



ir a Wiley HILI. Each sample was t h e n  p l a c e d  i n  
zi l a b e l e d  p l a s t i c  z i p l o c k  bag and s t o r e d  f r o z e n  
f o r  l a t e r  a n a l y s i s  of n u t r i e n t s  and s t a r c h .  

Ground n e e d l e  t i s s u e  was examined For N ,  P ,  
K s  Ca ,  and i?""p n u t r i e n t  c o n t e n t  a t  Westvaco 's  
S o i l  and T i s s u e  t e s t l n g  l a b o r a t o r y  u s i n g  
s t ~ n d a r d  ana lys j - s  t e c h n i q u e s ,  Taproo t s  and 
l a t e r a l  r o o t  t i s s u e s  were  ana lyzed  s e p a r a t e l y  
f o r  p e r c e n t  s t a r c h  hy t h e  e n z p a t i c  method 
d e s c r i b e d  by H a i s s i g  an2 P i c k s o n  ( 3 9 7 6 ) .  

An a d d i t i o n a l  twenty s e e d l i n g s  were c o l -  
l e c t e d  d u r i n p  t h e  January  l i f t i n g  f o r  r o o t  
g ro~ : th  p o t e n t i a l  (RGP) measurements.  F i v e  
s e e d l i n g s  iron; each  s u b p l o t  were l i f t e d  a s  
p r e v i o u s l y  d e s e r t b e d  e x c e p t  t h a t  t h e y  were 
bundled t o g e t h e r  and p l a c e d  i n  a P r a f t  paper  
bag.  The bag was p laced  i n  c o l d  s t o r a g e  a t  2OC 
( 2 2 " )  f o r  l a t e r  u s e .  One month l a t e r ,  t h e s e  
s e e d l i ~ g s  were  p r e p a r e d  f o r  RGP d e t e r m i n a t i o n  a s  
d e s c r i b e d  by R i t c h i e  and Dunlap (1980).  By t h i s  
method, a l l  w h i t e ,  u n s u b e r i z e z  r o o t  t i p s  were  
re~qoved f rom t h e  s e e d l i n g s  b e f o r e  p o t t i n g  them 
i n  a  3 - l i t e r  c o n t a i n e r  u s i n g  b u j l d e r s  sand.  One 
s e e d l i n g  from eech t r e a t m e n t  combinat ion and bed 
was u s e d ,  g i v i n g  f o u r  s e e d l i n g s  p e r  p o t .  There  
were  t h r e e  r e p l j c a t i o n s  c o n t a i n i n g  a t o t a l  of 
180 p o t s .  Fol lowing a 30-day perFod of growth 
a t  20°C w i t h  a  14-hour d a y l e n g t h  and 
375 e r g s l c m l s e c  of l i g h t  from f l u o r e s c e ~ t  b u l b s ,  
t h e  s e e d l i n g s  were  removed from t h e  p o t s  and 
t h e i r  r o o t s  washed f r e e  of s m d .  A l l  new w h i t e ,  
u n s u b e r f z e d  r o o t  t i p s  g r e a t e r  than  0 - 5  crn i n  
l e n g t h  were  coun ted .  The c o u n t s  were  used a s  
t h e  RGP measurement.  

Da ta  A n a l y s i s  

The d e s i g n  f o r  A n a l y s i s  of Var iance  was a  
s p l i t  p l o t ,  randomized complete  b fock .  The f o u r  
n u r s e r y  b e d s  s e r v e d  a s  b l o c k s .  The f i v e  
wrench ing  t r e a t m e r t s  were  whole -p lo t s  and t h e  
t h r e e  t o p  prunirig t r e a t m e n t s  were  s p l i t  p l o t s .  
Means f o r  s i g n i f i c a n t  t r e a t m e n t  e f f e c t s  were  
compared u s i n g  t h e  l e a s t  s i g n i f i c a n t  d i f f e r e n c e  
p r o c e d u r e .  The 0.05 l e v e l  of s i g n i f i c a n c e  was 
used  i n  a l l  s t a t i s t i c a l  t e s t s  i n  t h i s  s tudy .  
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F i g u r e  I .  S o i l  h u l k  d e n s i t y  one month f o l l o w i n g  
a p p l i c a t i o n  of t h e  f i n a l  wrenching i n  November. 

S o i l  b u l k  d e n s i t y  of unwrenched p l o t s  
appeared t o  become u n f a v o r ~ b l e  f o r  r o o t  growth a s  
t ime  p rogressed .  I n  t h i s  s t u d y ,  a Large amount 
of t h e  s e e d l i n g  r o o t  s y s t e x  tended t o  o r i g i n a t e  
from a  whorl  o f  l a t e r a l  r o o t s  fornied a t  t h e  t a p  
of t h e  t a p r o o t .  These  r o o t s  grew mos t ly  n e a r  t h e  
bed s u r f a c e  and "matted" w i t h  a d j a c e n t  s e e d l i n g  
r o o t s .  S u b s t a n t i a l  r e d u c t i o n s  i n  r o o t  growth of 
pot-grown l o b l o l l y  p i n e  s e e d l i n g s  have been  
a t t r i b u t e d  t o  i n s u f f i c i e n t  a e r a t i o n  and g r e a t e r  
r o o t  mechan ica l  impedance a s  b u l k  d e n s i t y  n e a r s  
1 .4  g / c c  ( F o i l  and Ra l s ton  1967, M i t c h e l l  e t  a l .  
1982) .  It i s  q u e s t i o n a b l e  i f  a  r e d u c t i o n  i n  s o i l  
b u l k  d e n s i t y  was accompanied by i n c r e a s e d  r o o t i n g  
a t  lower  s o i l  d e p t h s  i n  t h i s  s tudy .  

S e e d l i n g  Morphology 
PESULTS MJll DISCUSSION 

S o i l  Bulk D e n s i t y  

Seedbed s o i l  bu lk  d e n s i t y  was s i g n i f i c a n t l y  
reduced by  t h e  wrenching t r e a t m e n t s  ( F i g u r e  1 ) .  
Bulk d e n s i t y  averaged 1 ,18  g j c c  among a l l  p l o t s  
i n  J u l y  b e f o r e  wrenching t r e a t m e n t s  began. By 
December, b u l k  d e n s i t y  v a l u e s  r e f l e c t e d  wrenching 
f r e q u e n c y .  The lowes t  a v e r a g e  s o i l  b u l k  d e n s i t y ,  
1.22 g f c c ,  o c c u r r e d  i n  p l a t s  wrenched f o u r  t imes .  
P l o t s  t h a t  were  n o t  wrenched showed g r a d u a l  
i r c r e a s e s  i n  b u l k  d e n s i t y  up t o  1.40 g / c c  by 
December. T e x t u r a l  a n a l y s i s  of t h e  upper  7  cm 
of bed s u r f a c e  was 86 ,  9 ,  and 5 p e r c e n t  sand ,  
s i l t ,  a n d  c l a y ,  r e s p e c t i v e l y .  No s t a t i s t i c a l  
d i f f e r e n c e s  i n  t e x t u r e  components occur red  among 
p l o t s  i n  t h i s  s t u d y .  

S e e d l i n g  morpho log ica l  f e a t u r p s  were  
g e n e r a l l y  reduced by wrenching (F igure  2 ) .  Both 
t o t a l  s e e d l i n g  6 r p  wefght  and d iamete r  were  
reduced s i g n i f i c a n t l y  by wrenching,  b u t  no 
c o n s i s t e n t  con t inued  d e c l i n e s  were  a s s o c i a t e d  
w i t h  wrenching f r equency .  S e e d l i n g s  k~renched  
two, t & r e e ,  and f o u r  t jmes  had significantly 
s m a l l e r  s h o o t / r c o t  r a t i o s  t h a n  t h o s e  t h a t  were  
n o t  wrenched o r  wrenched o n l y  once i n  Kovember. 
F i n a l  h e i g h t  i n  J a ~ u a r y  was s i g n i f i c a n t l y  
reduced a s  t h e  f r equency  of wrenching i n c r e a s e d ,  
even though a l l  wrenching t r e a t m e n t s  had been  
t o p  pruned by November. However, l a c k  o f  a 
s i g n i f i c a n t  i n t e r a c t i o n  between t o p  p r u n i n g  and 
wrenching i n  t h i s  s t u d y  s u g g e s t s  f i n a l  h e i g h t  
was i n f l u e n c e d  more by wrenching than  by t i m e  of  
t o p  p run ing .  
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F i g u r e  2.--Average h e i g h t ,  d r y  we igh t ,  d i a m e t e r ,  and s h o o t / r o o t  r a t i o  
of l o b l o l l y  p i n e  n u r s e r y  s e e d l i n g s  i n  J a n u a r y  by wrench t r e a t m e n t *  

Top p r u n i n g  d i d  n o t  s i g n i f i c e ~ t l y  a f f e c t  Reduc t ions  i n  s e e d l i n g  s i z e  i n  t h i s  s t u d y  
s e e d l i n g  h e i g h t ,  d i a m e t e r  o r  shoo t - roo t  r a t i o  p r o v i d e  ev idence  t h a t  wrenching temporari1.y s lows  
(Table  1 ) .  T o t a l  d r y  we igh t  of s e e d l i n g s  t o p  s e e d l i n g  growth i n  t h e  seedbed.  Reduc- t i o n s  i n  
pruned i n  October  was s i g n i f i c a n t l y  l e s s  than  s e e d l i n g  s i z e  a f t e r  wrenching a r e  c o n s i s t e n t  w i t h  
seedlings t o p  pruned i n  August.  Top p run ing  i n  f j n d i n g s  by o t h e r  i n v e s t j g a t o r s  (Rook 1971, 
October  removed more s h o o t  t h a n  i n  August and van  D o r s s e r  and Rook 1972, Koon and O'Dell 1977, 
September; and coupled w i t h  t h e  o n s e t  of n Tanaka e t  a l .  1975, van den F r i e s s c h e  1983, S t e i n  
d e c l i r t e  I'n v e g e t a t i v e  growth d u r i n g  w i n t e r ,  1984).  S e e d l i n g s  j n  each  t r e a t m e n t  have been  
p robab ly  caused  t h e  reduced t o t a l  d r y  we igh t  o f  f i e l d  p l a n t e d  and t h e i r  s u r v j v a l  c a p a c i t y  w i l l  be  
s e e d l i n g s  i n  January .  measured a f t e r  comple t ion  of one y e a r ' s  growth.  

T a b l e  1 .  Horpho log ica l  c h a r a c t e r j s t i c s  o f  
J a n u ~ r y  l i f t e d  l o b l o l l y  p i n e  s e e d l i n g s  f o r  
t h r e e  t o p  p run ing  t r e a t m e n t s .  

S e e d l i n g  Ffeasuremerlt 
T i m  T o t a l  Shoot /  

of  Top Dry Root 
C l i p p i n g  Height  Diameter  Weight R a t i o  

August 23.07 4 .15 3 .58 2.40 
September 22.98 4.12 3.49 2.41 
October  21.99 3.88 3.09 2.19 

S e e d l i n g  Physiology 

Monthly i n c r e a s e s  i n  s t a r c h  c o n c e n t r a t i o n  
were  low a s  t h e  growing season  p r o g r e s s e d .  By 
December, one month a f t e r  a p p l i c a t i o n  of t h e  
f i n a l  wrenching,  t o t a l  r o o t  s t a r c h  showed no 
s i g n f f i c z r r t  d i f f e r e n c e  among wrenching t r e z t -  
nrents and averaged 9.4 p e r c e n t  ( F i g u r e  3 ) .  A 
l a r g e  i n c r e a s e  i n  s t a r c h  c o n t e n t  occur red  i n  
e a r l y  w i n t e r  between Decemher and January .  I n  
January ,  t o t a l  r o o t  s t a r c h  was h i g h e s t  i n  t h e  
unwrenched s e e d l i n g s ,  w h i l e  wrenched s e e d l i n g s  
g e n e r a l l y  showed reduce  t o t a l  r o o t  s t a r c h .  
Reduced s t a r c h  c o n t e n t s  were  n o t  s i g n i f i c a n t l y  
r e l a t e d  t o  wrenching f r equency .  

LSD 1.41 0.32 0.46 0.29 
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Figure  3. Root s t a r c h  conten t  of December and 
J a n u a r y  l i f t e d  l o b l o l l y  p i n e  nursery  s e e d l i n g s  
by wrench t rea tment .  

Rook (1 971) found t h a t  P. r a d i a t a  s e e d l i n g s  
wrenched f o u r  t imes had  h i g h e r  t o t a l  s o l u b l e  
s u g a r s  and s t a r c h  c o n c e n t r a t i o n s  than s e e d l i n g s  
t h a t  w e r e  n o t  wrenched a s  frequent3.y. In t h i s  
s t u d y ,  l o b l o l l y  p i n e  s t a r c h  l e v e l s  were lowered 
by wrenching.  Unlike ~ o o k ' s  (1971) r e s u l t s ,  t h e  
non-wrenched l o b l o l l y  p i n e  s e e d l i n g s  had t h e  
h i g h e s t  s t a r c h  l e v e l s .  

S e e d l i n g  n u t r i e n t  c o n t e n t  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  w i t h  wrenching frequency o r  t o p  
p r u n i n g  t rea tments  (F jgure  4 ) .  However, t o t a l  
n i t r o g e n  and potassium c o n t e n t  d i d  show d e c l i n e s  
w i t h  t i m e  t h a t  a r e  probably a s s o c i a t e d  wi th  
s e e d l i n g  growth (F igure  5 ) .  Calcium and 
phosphorus con ten t  of a l l  s e e d l i n g s  remained 
r e l a t i v e l y  c o n s t a n t  f o r  t h e  s tudy  per iod .  These 
r e s u l t s  show t h a t  i n  t h e  absence of f e r t i l i z e r  
a p p l i c a t i o n s ,  n u t r i e n t  con ten t  can be expected t o  
remaln s i m i l a r  among r o o t  wrenching and t o p  
c l i p p i n g  t rea tments  a s  a p p l i e d  i n  t h i s  s tudy .  

Root  growth p o t e n t i a l  of s e e d l i n g s  l i f t e d  
i n  J a n u a r y  w a s  n o t  s i g n i f i c a n t l y  a f f e c t e d  by any 
of t h e  wrenchlng and t o p  pruning t r e a t m e n t s  

ti K CA P 
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Figure  4. Nut r ien t  con ten t  of January l i f t e d  
I.obl o l l y  p i n e  nursery  seed1 i n g s  f o r  a l l  wrench 
t rea tments .  
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Figure  5. Average monthly n u t r i e n t  con ten t  of 
l o b l o l l y  p i n e  nursery  s e e d l i n g s  f o r  a l l  wrench 
t rea tments .  



(Figure 5). The RGP data showed large 
between-seedling variation. Within a given 
wrench or top pruning treatment, the number of 
new root tips on any one seedling generally 
ranged from zero to sixty? Clearly, the 
wrenching and top pruning treatment effects were 
not strong enough to cause a consistent seedling 
response. Absence of a clearly dominant aplcal 
bud due to top pruning may have contributed to 
the lack of RGP relatfonships, but differences 
between top pruned and unpruned seedlings were 
not examined in this study. Starch levels of 
January lifted seedlings were also unrelated to 
RGP, as were all seedling morphological features. 
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Figure 6. Root growth potential of loblolly 
pine nursery seedlings by wrench treatment. 

CONCLUSIONS 

Wrenching significantly decreased soil bulk 
density and generally slowed seedling growth in 
the nursery seedbeds. Height, diameter and total 
dry weight of wrenched seedlings were less than 
unwrenched seedlings. Wrenching also signifi- 
cantly reduced root starch content, but there was 
no correlation between starch content and 
wrenching frequency. Wrenching did not cause 
differences in seedling nutrient content or root 
growth potential. Top pruning does not appear to 
have any affect on seedling development or starch 
and nutrient content when applied during the late 
stages of seedling growth. 
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ROOT GROWTH POTENTIAL OF STORFD 

2 1 Peter P. Feret, Richard E. Kreh, and Laura E. DeWald- 

Abstract.--Two experiments were conducted to evaluate 
changes in loblolly pine (Pinus taeda L,) root growth poten- 
tial (RGP) over time in storage. In Experiment I RGP changed 
with both time and storage temperature and was related to 
first-year field performance. In Experiment I1 RGP of stored 
loblolly pine seedlings fell quickly to near zero and then 
rebounded. RGP patterns were dependent on both storage loca- 
tion and duration in storage Experiment I1 was designed to 
test the efficacy of I-point' time temperature monitors for 
use on loblolly pine seedlings. Given certain assumptions, 
it was found that model 2220 may be a useful indicator of 
loblolly pine seedling quality. 

INTRODUCTION 

From the time loblolly pine (Pinus taeda L.) 
seedlings are lifted from nursery beds, until they 
are delivered to the planting site, they must pass 
through an array of temperatures. At lifting 
seedlings may be exposed to ambient outdoor tem- 
peratures until moved to cold storage. During 
grading and shipment seedlings may be exposed to 
relatively high ambient temperatures. Once deliv- 
ered to the landowner, shed storage may expose 
seedlings to ambient temperatures for days, or 
weeks. 

In Virginia, the Virginia Division of Forestry 
(VDF) has conducted a series of experiments design- 
ed to evaluate the effects of storage on loblolly 
pine seedlings (Dierauf and Marler, 1969; 1971a; 
1971b; Dierauf, 1974; Garner and Dierauf, 1974; 
Dierauf, 1984). These studies have shown no con- 
sistent storage affect on field performance (Dierauf 
and Marler, 1969). Open shed storage may have no 
adverse affect on field performance (Dierauf and 
Harler, 1971a), and root cellar storage (vs. open 

l/ Paper presented at Southern Silvicultural 
~ese&h Conference, Atlanta, Georgia, Eovernber 
7-8, 1984. 

21 Associate Professor, Research Associate 
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shed storage) may improve seedling performance 
depending upon the dormancy status at time of 
lifting (Dierauf and Marler, 1971b). Dierauf 
(1974) showed a significant lifting date x storage 
interaction for loblolly pine seedlings but in a 
1979-80 study seedlings stored for up to 99 days 
survived and grew well. Freezing may have no 
significant impact on field performance (Garner 
and Dierauf, 1974). The mixed results of storage 
temperature studies on loblolly pine seedlings 
suggest several factors may be important in evalu- 
ating seedling storage effects. These probably 
include: lift date, storage temperatures and 
duration, planting date and interactions among 
these factors (see Rhea, 1977). 

R Recently I-point Technologies, Limited has 
introduced Time-Temperature-Monitors (T-T-M)?/ for 
monitoring cumulative effects of storage tempera- 
ture and duration on product quality. These 
monitors have been used for monitoring loblolly 
pine seedlings during shipment (C. Gramling, 
personal comunication, W. W. Ashe Nursery, Brook- 
lyn, MS). Their usefulness for predicting loblolly 
pine seedling "spoilage" has yet to be ascertained 
although considerable effort is currently being 
expended to gather such data (R. E. Rose, personal 
comunication; I-Point Tech., Ltd., Oct. 2, 1984). 

One significant problem usually associated 
th experiments attempting to determine the effects 
storage on loblolly pine seedling survival and 

growth is the confounding of planting date with 

31 Mention of a company or its product 
imp1ieswneither approval or disapproval of product 
use. 



treatment effects preventing analyses of storage 
effects alone. Recent research (Feret et al. 
1984; Larsen et al. 1984, Ritchie and Dunlap 
1980) shows that root growth potential (RGP) is 
likely a rapid and reliable parameter for esti- 
mting physiological quality of loblolly pine 
seedlings. Assuming this, RGP should provide a 
means for evaluating the relative effects of seed- 
ling storage duration and temperature on seedling 
physiological quality without concern for the 
confounding of treatments and planting dates 
(this is not to say these interactions are not 
important). 

Within the context of the above, we report 
here the results of two experiments conducted to 
quantify the effects of storage temperature and 
duration on Loblolly pine seedling RGP. 

Materials and Methods 

Experiment I. 

Seedlings were from a commercial lot delivered 
to Virginia Tech by the county forester on March 
1, 1984 and stored at 33'~ until March 15. On 
March 15 seedlings from the bundle of 1000 were 
randomly assigned in equal numbers to each of 16 
treatment combinations (Table 1). Seedlings were 
stored under four conditions: 1) a refrigerator 
at 3 5 " ~  2) a root cellar at 58'~ 3) an indoor 
lab at 70-72'~ and 4) an oven held at 88'~. For 
storage seedlings were wrapped in sealed polyeth- 
ylene garbage bags with seedling roots within each 
bag wrapped in moist paper towels. As shown in 
Table 1, seedlings were removed from storage at 
varying intervals, for each storage location, 
Once removed, seedlings were randomly separated 
into two bundles: a bundle of 30 which were 
analyzed for RGP, and a bundle of 50 which were 
outplanted to an old field site. Seedlings were 
outplanted at the Reynolds Research Center (Patrick 
Co., VA) in 10 replicated 5-tree row plots at a 
0.5M X 0.5M spacing. 

RGP was deftermined by growing seedlings in 
trays of Promix in a constant temperature water 
bath at 68'~ for 24 days under 16 hr. photoperiod 
in the greenhouse. After 24 days new elongating 
roots >0.25 in, in length were counted. Thus, 
RGP was expressed as simply the number of new 
elongating roots. 

Field planted seedlings were individually 
measured for height at the time of planting, and 
again on October 15, 1984 when survival was also 
recorded. These data were used to evaluate seed- 
ling field performance in relation to RGP using 
regression techniques. 

Experiment 11. 

Seedlings used for this experiment were hand- 
lifted from the VDF New Kent Forestry Center nursery 
on March 1, 1984. They were held in cold storage 
(in polyethylene bags) for 6 weeks at 33O~. On 
April 15, 1984 seedlings were packaged as above and 
randomly assigned to one of three storage locations 

as follows: A) a root cellar at 5 8 " ~  B) an 
outdoor lathhouse allowing ambient temperature 
fluctuations C) an indoor lab at 70-72OF. 

Duration in each storage location was variable, 
predicated on the reaction time of two f-Point 
T-T-M models: 2220 and 3210. Monitors were placed 
on seedling bundles and when either monitor turned 
color (green [0] n t  the start of the experiment, 
yellow [I], rust [2], red [3]) seedlings were sam- 
pled and RGP analysis performed. Thus, for each 
storage location, six samples were taken. The 
"control" was the RGP at the start of the experi- 
ment when all monitors were "green". Table 2 
summarizes treatments of Experiment 11. 

EXPERIMENT I 

SEEDLINGS: COMMERCIAL LOT - RECEIVED MARCH 1, 1 9 8 4  

TREATMENTS : A, STORED I N  REFRIGERATOR AT 3S°F 

8 ,  STORED I N  ROOT CELLAR AT 5 8 ° F  

C C  STORED I N  LAB AT 7 0 ° F  

D, STORED I N  OVEN AT 8 8 ° F  

SAMPLE TIMES: 

ANALYS I S : 

TABLE 1. EXPERIMENTAL DESIGN OF LOBLOLLY P I N E  
SEEDLING STORAGE EXPERIMENT I. 

EXPERIMENT I 1  

T-T-M MONITORS 

SEEDLINGS: HAND L I F T E D  MARCH 1, 1 9 8 4  
STORED AT 3 2 ° F  6 WEEKS 

TREATMENTS: A ,  STORED I N  ROOT CELLAR AT 58OF 

B, STORED I N  LATH HOUSE AT 
AMBIENT TEMP, 

C. STORED I N  LAB AT 7 0 ° F  

SAMPLE T!MES: DICTATED BY T-T-M COLOR CHANGES 

i4ON I TOR 

2 2 2 0  - 3 2 1 6  

CAYS 

ANALYSIS : 

TABLE 2 .  EXPERIMENTAL DESIGN OF LOBLOLLY 
SEEDLING STORAGE EXPERIMENT 1 1 ,  

P I N E  



Experiment I, 

The relationship between RGP and field 
performance is shown in Figures 1 and 2. Both 

field survival and height increment of living 
seedlings were related to RGP at the time of 
planting, Models were significant (a< 0.01) and 
accounted for over 90% of the sums of squares. 

Figure 1. Relationship between number of new elongating roots and 
survival for loblolly pine seedling samples of Experiment I. 

Figure 2. Relationship between number of new elongating roots 
and height increment for lob1011y pine seedling samples of 
Experiment I. 
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Root growth potential varied significantly 
both between storage locations and over time (fig, 
3). In the cooler RGP was improved with 8 days of 
storage but after 21 days, was significantly 
diminished, The same trend was observed for seed- 
lings stored in the root cellar where after 8 days 
RGP increased followed by a decrease after 14 and 
21 days. 

In the lab room (fig. 3) RGP showed a gradual 
decline over time with the 21 day RGP equal to 0 
new roots. In the 8 8 " ~  oven, RGP declined very 
rapidly after 24 hours, but this decline was 
followed by a small "burst" of RGP at day 4. By 
day eight, no seedlings showed new root growth. 

Experiment 11. 

The overall results of Experiment I1 are 
plotted in Figure 4. Seedlings stored in the root 
cellar showed a rapid decline in RGP over the first 
week. This may have been followed by a small 
"burst" of RGP at day 14, a second decline at day 
18 and another "burst" at day 21. (Two data points 

plotted for day 14 were plotted as the mean in Fig. 
4 ) .  

In the lath house, RGP declined rapidly the 
first 4 days, remained low at 8 days, after which 
a burst of RGP was observed at days 12-16. This 
was followed by a second decline in RGP. 

Seedlings stored in the lab gradually lost RGP 
until day 8. The last sample at day 12 showed a 

Figure 3 
in RGP 
over t 

, Results of experimen 
(number of new elongat 

ime in each of the four 

significant rise in RGP which was not statistically 
t I showing changes different from the RGP of seedlings at the start of 
ing roots >0.5 cm) the experiment (fig. 4). 
storage locations. 

Vertical lines represent _t 1 std. error. Sample dates for Experiment I1 were dictated 
by the time-temperature-monitor reaction rates. In 
Figure 5, RGP is plotted by T-T-M models 2220 and 

IS[ ROOT CELLAR 16[ LAB ROOM 

DAYS DAYS DAYS 

Figure 4 .  Results of Experiment I1 showing changes in RGP (number 
of new elongating roots >0.5 cm) over time in each of the three 
storage locations. (*=midpoint of two samples taken on the same 
day). Vertical lines represent $- 1 std. error. 



3210 and storage location, The relationships 
between color changes of monitor 2200 and RGP 
appear parallel under Lab storage (Fig 5). 
However, for the Root Cellar and Lath House 
storage locations, color 3 on Model 2220 was 
associated with higher RGP values than either 
color 1 or color 2. The results using monitor 
model 3210 were equally as cryptic. 

DISCUSSION 

The relationship between RGP and first-year 
field performance was relatively strong and 
indicated that seedling samples without RGP do not 
survive. An RGP of from 4 to 5 new roots seemed to 
be sufficient for assuring survival and growth. 
The 1984 planting season in Patrick Co., VA was 
characterized by abundant moisture and cool tem- 
peratures. Thus a minimum RGP of 4-5 new roots 
was needed but beyond that, additional new roots 
did not add to the ability of a seedling to 
survive and grow. 

Given the relationships shown in Figs. 1 and 
2, only 4 storage treatments succeeded in 
'%armingw seedlings (Oven at days 8, 14 and 21 and 
Lab Room at day 21). We speculate that had the 
planting season been drier, the relationship 
between RGP and first-year field performance 
measures would have been more linear than shown in 
Figs. 1 and 2 and thus other storage treatments 
might have also "harmed" the seedlings. 

In both experiments I and I1 RGP appeared to 
be cyclical (except for the Lab Room storage of 
Experiment I). This RGP fluctuation may be 
explained several ways, recognizing that such 
explanations are in this report entirely specula- 
tive. First, RGP may be episoidal, with increases 

""f ROOT CELLAR 

2229 T-T-M @ 

LATH HOUSE 

2220  T-T-M@ 

LATH HOUSE 

O 2 4 6 8 10 12 14 16 18 20 2.2 

and decreases over time associated with "internal" 
rhythms of the seedlings. Such rhythms might be 
modified both in frequency and amplitude by storage 
treatments. 

A second explanation for the cryptic changes 
in RGP over time may be that when seedlings are 
placed under stress in storage, they react with a 
"burst" of RGP. The timing and duration of the 
"burst" may be treatment specific. Depending on 
the treatment and sampling frequency, these RGP 
t t b ~ r ~ t ~ ' '  may or may not be observed. 

Physiologically these burst may be a function 
of growth regulator compartmentation and/or 
response to periods of anoxia which might occur 
within root tissues of stored seedlings (for liter- 
ature on this topic see: Penny et al. 1974; DAYS DAYS 
Rowan et al. 1972; Gillbank et al. 1972; 
Parrish, 1976). In other words, seedlings near 
death (such as those in Experiment I1 stored in 
the Root Cellar for 18 days, in the Lath House for 
8 days or the Lab Room for 8 days) may release 
actively compartmentalized growth regulators when 
respiration diminishes to near zero values. When 
this occurs, hyperelongation of new roots (measured 
by higher RCP) may occur. This mechanism may also 

Figure 5, Results of Experiment I1 plotted by 
storage location and T-T-M model. Numbers in 

() correspond to T-T-M color changes where ( 0 )  
= green, (1) = yellow, (2) = rust, (3) = red. 
Vertical bars represent f: 1 std, error. 

explain why seedlings with low RGP (or no RGP) may 



survive and grow in the field. 

A third explanation of the fluctuating values 
for RGP in this experiment is that both internal 
plant rhythm and response to anoxia nay be causing 
the cryptic variation in RGP. 

An interesting footnote to this research is 
that seedlings from both experiments responded 
differently to storage in the Root Cellar and the 
Lab Room (Figs. 3 and 4). The rather different 
patterns of RGP over time within each storage 
location suggest that seedling history has a major 
impact on RGP patterns in storage over time. 

The use of T-T-M monitors cannot be judged on 
the basis of these results without some speculation. 
Specifically, if one is willing to assume loblolly 
pine seedlings do respond to anoxia, and prior to 
responding RGP must approach zero, then the use of 
the monitors may be justified to gauge seedling 
RGP status. Under each of the three storage treat- 
ments Model 2220 changed to a "1" prior to seedlings 
registering zero RGP. In 2 of 3 storage locations 
a 2220 stage "2" coincided with a nearly zero RGP. 
In one case (the Lab Room) a 2220 stage "3" was 
associated with zero RGP. Monitor 3210 only 
appeared to have value at stage "1" which corre- 
sponded to near zero RGP in 2 of 3 storage 
conditions. 

CONCLUSIONS 

The results of this study illustrate the 
following points: 

1. RGP of loblolly pine seedlings changes 
with storage temperature and time in 
storage. 

2. Storage RGP response may be in part a 
function of pre-storage events (i.e. an 
historical factor) 

3 .  Storage responses may be modified by 
internal plant rhythms in RGP. 

4. After stored seedlings reach a zero-level 
RGP, their RGP may rebound and this effect 
may be related to storage temperature, 
duration and seedling history. 

5. The I-Point T-T-M model 2220 may be 
useful for predicting zero RGP in 
loblolly pine seedlings. 

Because of the complex responses to storage, 
it is not unexpected that the literature contains 
apparently contradictory data on effects of storage 
on loblolly pine seedlings, We are currently 
conducting additional storage experiments to test 
some of the hypotheses suggested by these data. 
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ROOT G R O W  POTENTI& AND CARBOHYDRATE SHIFTS I N  PREVIOUSLY COLD STORED 
LOBLOLLY PINE SEEDLINGS CROWN IN ~ D R O P O N I C  C U L T U ~ ~  

R. W, ~os&.f and R. P. W h i l e d /  

- - -  

Abstract.--This experiment was a  p re l iminary  at tempt t o  
determine how s e e d l i n g  l a t e r a l  roo t  percen t  s t a r c h  r e l a t e s  t o  
r o o t  growth po ten t ia l - (RGP)  i n  l o b l o l l y  pine (Pinus t a e d a  L.) 
s e e d l i n g s  grown i n  a  hydroponic environment. The p r i n c i p a l  
f i n d i n g s  were t h a t  i n i t i a l  l a t e r a l  roo t  percent  s t a r c h  was 
no t  a  good p r e d i c t o r  of s e e d l i n g  growth a s  measured by RGP by 
family.  It was proven f e a s i b l e  t o  t e s t  the  same l o b l o l l y  
p i n e  s e e d l i n g s  f o r  l a t e r a l  roo t  s t a r c h  conten t  before and 
a f t e r  an assessment of RGP i n  a hydroponic tank system. 

INTRODUCTION 

Root growth p o t e n t i a l  (RGP) i s  used t o  measure 
s e e d l i n g  v igor  a f t e r  ou tp lan t ing .  Typica l ly ,  
s e e d l i n g s  a r e  l i f t e d  from t h e  nursery bed, t rans -  
p l a n t e d  i n t o  a  s u i t a b l e  growing media such a s  
greenhouse p o t t i n g  mix, allowed t o  grow f o r  30 
days ,  harves ted ,  and measured f o r  r o o t  l eng th .  
The amount of roo t  produced is considered a  meas- 
u r e  of t h e  p h y s i o l o g i c a l  v igor  of t h e  s e e d l i n g  
and i n d i c a t e s  how t h e  s e e d l i n g  w i l l  s u r v i v e  and 
grow a f t e r  o u t p l a n t i n g  (6).  Root growth poten- 
t i a l  i n  t h i s  s tudy  was def ined  a s  dry weight of 
new r o o t s .  

P l a c i n g  t h e  s e e d l i n g s  i n  ten-gal lon tanks  of wa- 
t e r  is another  way t o  observe roo t  growth and 
avoid t h e  use  of p o t t i n g  mediat.  Tanks al low 
d a i l y  observa t ion  of roo t  growth and p e r i o d i c  
weighing of i n d i v i d u a l  s e e d l i n g s  t o  d e t e c t  f r e s h  
weight changes. It is a l s o  p o s s i b l e  t o  c u t  and 
weigh p o r t i o n s  of new roo t  without  i n t e r f e r e n c e  
from p o t t i n g  media on t h e  roo ts .  

S ince  RGP i s  an a f te r - the- fac t  morphological re- 
sponse measurement, i t  seemed important  t o  t e s t  a  
t ank  system f o r  e v a l u a t i n g  s e e d l i n g s  f o r  both 
morphological  and p h y s i o l o g i c a l  changes through 
t ime which might r e v e a l  e a r l y  p r e d i c t i o n s  of 
o u t p l a n t i n g  performance. This experiment was a  

L /paper  p resen ted  a t  Southern S i l v i c u l -  
t u r a l  Research Conference, A t l a n t a ,  Georgia, 
November 7-8, 1984. 

L/R. W. Rose, F o r e s t  Regenerat ion Scien- 
t i s t ,  Westvaco Corporat ion,  Summerville, South 
C a r o l i n a  29484. 

Z/R. P. Whiles, Senior  Laboratory Techni- 
c i a n ,  Westvaco Corporat ion,  Summerville, South 
Caro l ina  29484. 

p re l iminary  at tempt t o  determine how s e e d l i n g s  
change i n  l a t e r a l  roo t  percent  s t a r c h  i n  r e l a t i o n  
t o  RGP over  time when grown i n  tanks of wate r  
con ta in ing  low l e v e l s  of f e r t i l i z e r .  It was 
hoped t h a t  by being a b l e  t o  t r a c k  changes over  
t i m e ,  i t  would be p o s s i b l e  t o  a r r i v e  a t  reasons  
why one s e e d l i n g  has a  growth advantage over  
ano ther .  

PURPOSE 

This  experiment was a  p re l iminary  a t tempt  t o  
determine how s e e d l i n g  l a t e r a l  roo t  percen t  
s t a r c h  r e l a t e s  t o  roo t  growth p o t e n t i a l  (RGP) i n  
l o b l o l l y  pine s e e d l i n g s  grown i n  a  hydroponic 
environment , 

PROCEDURE 

Seed Sources. Five open-pol l inated m a t e r n a l l y  - 
i d e n t i f i e d  seed sources  were used, The f i v e  
f a m i l i e s  were 7-2, 7-56, 11-9, 11-16, and 11-41, 

L i f t i n g  and Storage.  The s e e d l i n g s  were hand- 
l i f t e d  from t h e  nursery  bed on January 9 ,  1984, 
s e a l e d  i n  K r a f t  bags, and placed i n  cold s t o r a g e .  
The s e e d l i n g s  were s t o r e d  i n  t h e  c o o l e r  u n t i l  
March 8 ,  1984. A f t e r  59 days i n  t h e  c o o l e r  a t  
36"F, t h e  s e e d l i n g s  were removed f o r  use i n  t h e  
s tudy  . 
I n i t i a l  Measurements. Eighteen s e e d l i n g s  of each 
fami ly  were chosen a t  random and measured f o r  
t o t a l  s e e d l i n g  f r e s h  weight,  h e i g h t ,  c a l i p e r ,  and 

t F e r e t ,  P, P., P rofessor  of Fores t ry ,  V i r g i n i a  
Po ly technic  I n s t i t u t e  and S t a t e  U n i v e r s i t y ,  per- 
s o n a l  communication. 



r o o t  volume. A sample of f r e s h  l a t e r a l  r o o t s  was 
pruned p r i o r  t o  measuring t o t a l  f r e s h  weight from 
each s e e d l i n g ,  f rozen ,  and saved f o r  f u t u r e  
s t a r c h  a n a l y s i s ,  The roo t  systems on each seed- 
l i n g  looked reasonably uniform a f t e r  pruning and 
no t  t o o  d i f f e r e n t  from t h e  appearance of seed- 
l i n g s  wrenched from t h e  ground dur ing  an opera- 
t i o n a l  l i f t i n g ,  The s e e d l i n g s  were placed i n  t h e  
t ank  system on March 8 ,  1984, 

Tanks, S ix  ten-gal lon tanks  f i l l e d  almost  t o  t h e  
t o p  were f i t t e d  wi th  templates  con ta in ing  18 
h o l e s  1-1/2 i n c h e s  i n  d iameter ,  The water  used 
was t r e a t e d  by reverse-osmosis. One tablespoon 
of P e t e r "  (20-20-20) was mixed i n t o  t h e  water.  
The f e r t i l i z e r  was added only t o  g ive  t h e  water  
some i o n s  s i n c e  i t  was be l ieved  t h a t  t h e  w a t e r ' s  
p u r i t y  could drimage t h e  seed l ings .  Two of t h e  
t a n k s  were blackened on t h e  o u t s i d e  and f o u r  were 
c l e a r ,  This  d id  no t  c r e a t e  any d i f f e r e n c e s  i n  
s e e d l i n g  r o o t  growth. One c l e a r  tank d id  develop 
a l g a e ,  bu t  t h i s  d id  not i n t e r f e r e  with t h e  exper- 
iment. The water  i n  t h e  tanks was changed twice 
each week. Figure 1 g i v e s  an i l l u s t r a t i o n  of a  
t ank  . 

L i b l o l l y  S e e d l l n g n  

Styrofoam Support 

P o l y u r e t h a n e - s e a t e d  P lywood  

Ground Line  on  S e e d l f n g  S tem 

Air  Line  
Air Bubble* 

F i g u r e  1.--Tank system f o r  measuring roo t  growth 
p o t e n t i a l  (RGP). 

I n t e r i m  Measurements. On March 26, 1984, ( a t  19 
days i n  t h e  t anks)  t h e  s e e d l i n g s  were measured 
f o r  h e i g h t ,  t o t a l  s e e d l i n g  f r e s h  weight ,  and r o o t  
a c t i v i t y .  Day 19 was chosen because most of t h e  
s e e d l i n g s  had some new roo ts .  A simple r o o t  
a c t i v i t y  Score index was used t o  e v a l u a t e  seed- 
l i n g s :  a  s e e d l i n g  wi th  no new r o o t s  was scored a  
I, and a  s e e d l i n g  wi th  any new r o o t s ,  no mat te r  
how few, was scored a 2, 

F i n a l  Measurements. On A p r i l  6 ,  1984, ( a t  30 
days)  t h e  s tudy was terminated and t h e  s e e d l i n g s  
measured f o r  h e i g h t ,  t o t a l  f r e s h  weight ,  and r o o t  
a c t i v i t y .  

D e s t r u c t i v e  Sampling, At the  end of t h e  exper i -  
ment each s e e d l i n g  was cu t  l n t o  s e v e r a l  component 
p a r t s ,  d r i e d ,  and weighed. The components were 
new t o p  growth (new stem + new n e e d l e s ) ,  t o t a l  
s tem, t o t a l  need les ,  new roo t  growth (RGP), l a t -  
e r a l  r o o t s ,  and t a p  r o o t ,  Root growth p o t e n t i a l  
was measured a s  dry weight of new r o o t s  because 
t h e r e  was not enough roo t  growth t o  e f f e c t i v e l y  
measure roo t  l eng ths .  P u t t i n g  RGP on a weight 
b a s i s  i n d i c a t e d  how much biomass was produced, 

The samples were s t o r e d  f r o z e n  and then analyzed,  
There were not enough pruned l a t e r a l  r o o t s  per  
s e e d l i n g  t o  make enough sample f o r  i n d i v i d u a l  
s e e d l i n g  s t a r c h  de te rmina t ions ,  Therefore ,  t h e  
t h r e e  s e e d l i n g s  per  family i n  each tank  were 
composited i n t o  one s m p l e .  The same procedure 
was used f o r  l a t e r a l  r o o t s  per  s e e d l i n g  a t  t h e  
end of the  experiment. 

Analysis .  The need les  fron. each s e e d l i n g  were 
s e n t  t o  Westvaco's S o i l  and Tissue  T e s t i n g  Lab 
f o r  n u t r i e n t  a n a l y s i s .  The needles  were measured 
f o r  N, P,  K ,  Ca, and Mg conten t ,  

The pruned l a t e r a l  r o o t s  a t  t h e  s t a r t  of t h e  ex- 
periment and t h e  l a t e r a l l t a p  r o o t s  c o l l e c t e d  a t  
t h e  end of t h e  experiment were analyzed f o r  
s t a r c h  us ing  t h e  technique of Haiss ig  and Dickson 
( 3 ) .  At t h e  end of t h e  experiment a l l  of t h e  
l a t e r a l  r o o t s ,  inc lud ing  new l a t e r a l  r o o t s  meas- 
ured a s  RGP, were c o l l e c t e d  and analyzed. The 
s o l u b l e  e x t r a c t  from t h e  s t a r c h  procedure was 
saved and analyzed f o r  f i v e  s o l u b l e  sugars  u s i n g  
h igh  performance l i q u i d  chromatography (HPLC). 
The f i v e  sugars  were g lucose ,  f r u c t o s e ,  s u c r o s e ,  
and two unknown s u g a r s  (UK 1 and UK 2 ) .  

S t a t i s t i c a l  Design and Analysis .  The a n a l y s i s  of 
v a r i a n c e  model was a  randomized complete block 
having s i x  blocks ( t a n k s )  and f i v e  t r e a t m e n t s  
( f a m i l i e s ) .  Three s e e d l i n g s  of each family were 
randomly assigned t o  a  tank. Tank e f f e c t s  were 
random, and fami ly  e f f e c t s  were f i x e d .  The anal-  
y s i s  of v a r i a n c e  scheme is shown i n  Table 1. 

Table 1. Analysis  of v a r i a n c e  
model f o r  experiment. 

d  f  Source of V a r i a t i o n  - 
Tank 5 

E r r o r  20 

T o t a l  29 

The composited l a t e r a l  roo t  samples could no t  be 
compared wi th  any of t h e  o t h e r  v a r i a b l e s  on an 
i n d i v i d u a l  s e e d l i n g  b a s i s ,  s o  i t  was necessary  t o  
genera te  a means d a t a  s e t  out  of t h e  o t h e r  v a r i a -  
b l e s  i n  t h e  same way t h e  l a t e r a l  r o o t s  had been 
composited, This  means d a t a  s e t  was made up of 
means f o r  each v a r i a b l e  of t h e  t h r e e  s e e d l i n g s  of 
each family by tank combination, Therefore ,  each 
family had s i x  means - one f o r  each of t h e  s i x  
t anks ,  This  d a t a  s e t  made i t  p o s s i b l e  t o  compare 
l a t e r a l  r o o t  s t a r c h  l e v e l s  wi th  t h e  o t h e r  v a r i a -  
b les .  

The r e s u l t s  showed t h a t  i n i t i a l  l a t e r a l  r o o t  
percen t  s t a r c h  was not a  p r e d i c t o r  of r o o t  growth 
p o t e n t i a l  (RGP) a s  measured by dry weight of new 
growth of l a t e r a l  r o o t s ,  No dependence could be 
found between i n i t i a l  l a t e r a l  roo t  percen t  s t a r c h  



and RGP (F igure  2),  The r e s u l t s  of t h i s  experi-  
ment d i d  not  support  t h e  concept of a  cause-and- 
e f f e c t  r e l a t i o n s h i p  between RGP and i n i t i a l  la t-  
e r a l  r o o t  percent  s t a r c h .  
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F i g u r e  2.--Plot of t h e  r e l a t i o n s h i p  between RGP 
a t  day 30 and i n i t i a l  l a t e r a l  r o o t  percen t  
s t a r c h  a t  t h e  beginning of the  experiment. 

A scatter p l o t  of t h e  r e l a t i o n s h i p  between RGP 
and l a t e r a l  r o o t  percen t  s t a r c h  a t  t h e  end of t h e  
exper iment  (Day 30) i s  shown i n  Figure 3. The 
coefficient of de te rmina t ion  ( R ~ )  was a  low .32. 
Family 11-41 d i d  not  produce any new r o o t s ,  
There was  not  a  s t r o n g  r e l a t i o n s h i p  between how 
t h e  s e e d l i n g s  grew and t h e  s t a r c h  percent  l e f t  i n  
t h e  l a t e r a l  r o o t s  a f t e r  30 days. 
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F i g u r e  3.--Plot of t h e  r e l a t i o n s h i p  between RGP 
and l a t e r a l  roo t  percen t  s t a r c h  a t  day 30. 

The a n a l y s i s  of v a r i a n c e  r e s u l t s  of t h e  d i f f e r -  
ence between percen t  s t a r c h  on day 1 and day 30 
l a t e r a l  r o o t s  was n o t  s i g n i f i c a n t  by fami ly ,  

F igure  4 d e p i c t s  t h e  r e s u l t s .  The average  d i f -  
f e r e n c e  i n  l a t e r a l  r o o t  percen t  s t a r c h  between 
day I and day 30 by family was 9%. T h i s  equaled 
an average drop i n  percent  s t a r c h  of 822 from 
l a t e r a l  r o o t s  of t h e  same seed l ings!  

The t o t a l  f r e s h  weight of each s e e d l i n g  i n  t h e  
s tudy  decreased d r a m a t i c a l l y  between day 1 and 
day 19, From day 19 through day 30 a t  t h e  end s f  
t h e  experiment, only Famil ies  7-56 and 11-9 re- 
ga ined  a  p o r t i o n  of t h e i r  o r i g i n a l  f r e s h  weight ,  
F igure  5 d e p i c t s  t h i s  r e s u l t ,  A t  t h e  beginning 
of t h e  s tudy the  f a m i l i e s  were d iv ided  i n t o  two 
d i s t i n c t  groups, The l a r g e r  f a m i l i e s  were 11-16, 
11-9, and 11-41, and t h e  smal le r  f a m i l i e s  were 7- 
56 and 7-2. Figure 5 shows t h a t  the  rank ings  f o r  
t o t a l  f r e s h  weight never changed, A f t e r  day 19,  
on ly  Famil ies  7-56 and 11-9 i n c r e a s e d  i n  f r e s h  
weight.  Seedl ing s i z e  d i d  not appear t o  be re- 
l a t e d  t o  s h i f t s  i n  f r e s h  weight,  Fami l ies  7-2, 
11-16, and 11-41 cont inued t o  decrease  i n  f r e s h  
weight between day 19 and day 30, 

4 p o s i t i v e  l i n e a r  r e l a t i o n s h i p  was found between 
RGP and t h e  change i n  f r e s h  weight from day 19 t o  
day 30. Figure 6 i s  a  s c a t t e r  p l o t  of t h e  re- 
s u l t s .  I n  those s e e d l i n g s  where new r o o t s  were 
produced t h e r e  tended t o  be a p o s i t i v e  change i n  
f r e s h  weight ,  The R2 f o r  these  d a t a  was .68, 
This  was t o  be expected s i n c e  new r o o t s  i n c r e a s e  
t h e  uptake of wate r ,  

Changes i n  t o t a l  f r e s h  weight a f t e r  day 19 ap- 
peared t o  be d i r e c t l y  r e l a t e d  t o  t h e  root  a c t i v i -  
t y  index,  This s imple assessment of morphologi- 
c a l  change revealed t h a t  f a m i l i e s  7-56 and 11-9 
had t h e  h ighes t  roo t  a c t i v i t y  i n d i c e s  of any of 
t h e  f a m i l i e s  a t  day 19 (RA2), and a t  day 30 
(BA3). The means a r e  shown i n  Table 2, The 
h igher  t h e  index,  the  g r e a t e r  the  number of seed- 
l i n g s  wi th  a c t i v e  roo t  systems. 

The a n a l y s i s  of var iance  r e s u l t s  of a l l  t h e  seed- 
l i n g s  a t  t h e  end of t h e  experiment revea led  s i g -  
n i f i c a n t  d i f f e r e n c e s  among f a m i l i e s  f o r  v a r i o u s  
morphological  v a r i a b l e s  (Table 2 ) .  However, t h e  
s t a t i s t i c a l  d i f f e r e n c e s  were not a s  important  i n  
a b i o l o g i c a l  sense  a s  the  family rank ings ,  The 
p o s i t i v e  change i n  t o t a l  f r e s h  weight of Family 
7-56 was confirmed by i t s  h ighes t  rank ings  f o r  
d r y  weight of new top  growth and RGP, Fami l ies  
11-41 and 9-2 ranked lowest i n  these  c a t e g o r i e s ,  
having low roo t  a c t i v i t y  i n d i c e s  and n e g a t i v e  
s h i f t s  i n  t o t a l  f r e s h  weight throughout t h e  s tudy  
period.  

Seed l ing  morphology d id  not e x p l a i n  s e e d l i n g  
growth. Table 2 i s  a  t a b u l a t i o n  of t h e  fami ly  
means and LSDs, I n i t i a l  he igh t  was not a  good 
measure of v igor  s i n c e  7-56 was t h e  s h o r t e s t  
fami ly  and 11-9 was t h e  t a l l e s t ,  Fami l ies  11-41 
and 7-2 grew poorly,  y e t  had l a r g e r  t a p  r o o t s  
than  e i t h e r  11-9 o r  7-56. I n  terms of biomass, 
a l l  of t h e s e  s e e d l i n g s  appeared t o  have adequate 
d i s t r i b u t i o n s  of need les  and r o o t s  t o  grow wel l .  
Seed l ing  s i z e  d i d  not  o f f e r  any p a r t i c u l a r  advan- 
t a g e  o r  disadvantage t o  growth, 



Figure 4 .  Change i n  l a t e r a l  root  percent s t a r c h  between Day 1 and Day 30 .  Data 
f ram weans data  s e t .  
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Flgtrre 5 .  Tote1 seedling fresh wefgltts (g) over ttte 30 day growing 
perfod. 
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Trtl>Le 2 ,  Maarts of muoured  vurirrblet l  by f u r n l l y  ( t i  - 6) nt~tl ler l t r t  a i g i t l f l e u n t  d l f f e rc t i cc?s  mor:g 
families. (Nenne w i t h  t h e  same l e t t e r  a r e  n o t  ~ I g n i f l c a n t l y  d i f f e r e n t  a t  t h e  5 2  l e v e l . )  

N t l  (cm) C a l l  fm)  Root  Volume 

NeedWt (g) 

CEfFRWT2 (g )  

E e e d l e  N u t r i e n t s  

N u t r i e n t  R a t i o s  

Tap Root  C a r b o h y d r a t e s  

F r u c t o s e  (mg/g) G l u c o s e  (mg/g) S u c r o s e  (mg/g) UK1 (mg/g) UK2 (mg/g) S t a r c h  ( X )  

Ht l  - he ig l t t  a t  day  1 
Eft2 = he ig l i t  a t  day 19 
t t t 3  = he ig l t t  a t  day  30  
Cali - c a i i p e r  at dey 1 
NTOPWT - d r y  weight  of new t o p  g rowth  
SiemWt - d r y  we igh t  o f  s tem 
KGP - d r y  weiglit of new l a t e r a l  r o o t  g rowth  
LatRTWP - d r y  weiglrt of  o r i g i n a l  l a t e r a l  r o o t s  + RGP 
TapKTWT - d r y  weight  of t a p  r o o t  
NeedWt = d r y  weight  of n e e d l e s  
PA2 - r o o t  a c t l v i t y  a t  day  1 9  
RA3 = r o o t  a c t i v i t y  a t  day 30 
CHFRUTZ - change i n  t o t a l  f r e s h  we igh t  between day 1 and day 1 9  
CWFRWT3 - change i n  t o t a l  f r e s h  we igh t  between d a y  19 and 30 



Needle n u t r i e n t  l e v e l s  revea led  some i n t e r e s t i n g  
t r e n d s .  Family 11-41 grew very poorly and had 
t h e  h i g h e s t  l e v e l s  of 3 ,  P ,  K ,  and Ca a t  t h e  end 
of the  experiment. It had adequate l e v e l s  of 
n u t r i e n t s ,  y e t  was not  u t i l i z i n g  them f o r  growth, 
Family 7-56 grew w e l l  and had t h e  lowest l e v e l s  
of P ,  Ca, and Hg. 

The t a p  r o o t s  of a l l  n i n e t y  s e e d l i n g s  were ana- 
lyzed  by high performance l i q u i d  chromotography 
f o r  g l u c o s e ,  f r u c t o s e ,  sucrose ,  and two unknown 
sugars .  The a n a l y s i s  of var iance  r e s u l t s  showed 
s i g n i f i c a n t  family d i f f e r e n c e s  f o r  f r u c t o s e ,  
g l u c o s e ,  and unknown sugar  #1 (UK1). Sucrose and 
unknown sugar  #2 (UK2) were non-signif i c a n t  (Ta- 
b l e  2 ) .  Tap roo t  percen t  s t a r c h  was non-signif i -  
c a n t  due  t o  h igh  v a r i a t i o n  among s e e d l i n g s  w i t h i n  
a  f a m i l y .  

I R-SQUARE - 8 . 7 8  

The rankings of t h e  s o l u b l e  sugars  showed an 
i n t e r e s t i n g  t rend  (Table 2 ) .  Like t h e  need le  - 
n u t r i e n t s ,  Family 7-55 had lower l e v e l s  of f ruc-  
t o s e ,  g lucose ,  and sucrose than the  o t h e r  fami- 
l i e s ,  y e t  had t h e  h i g h e s t  l e v e l s  of t h e  two un- 
known sugars .  A s  with  the  needle n u t r i e n t s ,  t h e  
ranking of means by family seemed t o  r e f l e c t  some 
degree  of p h y s i o l o g i c a l  a c t i v i t y .  
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Figure  7.--Relationship between l a t e r a l  r o o t  dry weight ( G )  and dry  weight (MG) 
of s t a r c h  i n  t h e  l a t e r a l  r o o t s ,  numbers next  t o  each d a t a  po in t  a r e  t h e  mean 
n e g a t i v e  o r  p o s i t i v e  changes i n  t o t a l  s e e d l i n g  f r e s h  weight between day 19 and 
day 30. 



DISCUSSIONS AND CONCLUSIONS 

An important  f i n d i n g  i n  t h i s  experiment was t h a t  
i t  i s  p o s s i b l e  t o  t e s t  t h e  same l o b l o l l y  p ine  
s e e d l i n g s  f o r  s t a r c h  before  and a f t e r  an assess -  
ment of RGP i n  a  hydroponic t ank  system, I n s t e a d  
of having t o  d e s t r u c t i v e l y  sample d i f f e r e n t  seed- 
l i n g s  over  t ime,  i t  is p o s s i b l e  t o  sample t h e  
same s e e d l i n g s  a t  two p o i n t s  i n  time. 

I n  a  s tudy  such a s  t h i s  one an o f t e n  posed ques- 
t i o n  concerns t h e  r e l a t i o n s h i p  between roo t  dry 
weight and t h e  weight of t h e  s t a r c h  i n  t h e  roo ts .  
F igure  7 i l l u s t r a t e s  a  s c a t t e r  p l o t  of t h e  r e l a -  
t i o n s h i p  between t o t a l  l a t e r a l  r o o t  dry weight 
and l a t e r a l  r o o t  s t a r c h  conten t  i n  mil l igrams.  
The a c t u a l  family by tank means a r e  p l o t t e d  wi th  
t h e i r  mean changes i n  f r e s h  weight between day 19 
and day 30 w r i t t e n  along s i d e .  Mil l igrams of 
s t a r c h  tend  t o  i n c r e a s e  wi th  i n c r e a s e s  i n  l a t e r a l  
r o o t  d ry  weight.  Most of t h e  s e e d l i n g s  wi th  t h e  
l a r g e r  r o o t  d ry  weights  0 . 1 4 )  showed p o s i t i v e  
changes i n  t o t a l  f r e s h  weight.  Since t h e  new 
r o o t s  (RGP) were mixed wi th  a l l  of t h e  l a t e r a l  
r o o t s  f o r  a n a l y s i s  a t  t h e  end of t h e  experiment ,  
i t  is  no t  p o s s i b l e  t o  s t a t e  how much s t a r c h  was 
c o n t r i b u t e d  by t h e  new r o o t s .  Marshal l  ( 5 ) ,  
working wi th  Douglas F i r ,  suggested t h a t  s t a r c h  
d e p o s i t i o n  i n  f i n e  r o o t s  is l i m i t e d  t o  t h e  time 
when t h e  f i n e  r o o t s  a r e  growing. 

A major l i m i t a t i o n  of t h i s  p re l iminary  s tudy  was 
t h e  smal l  sample s i z e  per  family and t h e  need t o  
composite t h e  l a t e r a l  r o o t s  by family w i t h i n  a  
tank.  Given t h e  d i f f e r e n c e s  i n  growth among 
s e e d l i n g s  w i t h i n  a  family and t h e  need t o  c r e a t e  
a  means d a t a  s e t ,  i t  was not p o s s i b l e  t o  look a t  
l a t e r a l  r o o t  percent  s t a r c h  among i n d i v i d u a l  
s k e d l i n g s  a s  i t  might r e l a t e  t o  RGP, Unfortu- 
n a t e l y ,  s e e d l i n g s  wi th  a c t i v e  l a t e r a l  roo t  sys- 
tems had t o  be composited wi th  those  t h a t  were 
n o t  a c t i v e .  The r e s u l t s  were i n t e r p r e t e d  wi th  
t h i s  i n  mind. 

The primary o b j e c t i v e  of r e s e a r c h  i n  physiologi-  
c a l  q u a l i t y  of s e e d l i n g s  i s  t o  p r e d i c t  growth 
p r i o r  t o  ou tp lan t ing .  The assessment of RGP can 
g i v e  an i n d i c a t i o n  of f u t u r e  f i e l d  performance, 
bu t  it has the  l i m i t a t i o n  of r e q u i r i n g  up t o  
t h i r t y  days t o  complete t h e  t e s t .  This  s tudy 
showed t h a t  an assessment w i t h i n  19 days was 
p o s s i b l e .  Dewald et & (1 )  were a b l e  t o  a r r i v e  
a t  rough e s t i m a t e s  i n  f i f t e e n  days. 

An immediate t e s t  would be more d e s i r a b l e .  The 
r e s u l t s  i n  Figure 7  draw a t t e n t i o n  t o  t h e  es tab-  
l i s h e d  concept of p l a n t i n g  s e e d l i n g s  with a s  many 
l a t e r a l  r o o t s  as p o s s i b l e  ( 4 ,  7 ) .  However, Fami- 
l y  11-41 was found t o  have comparable s e e d l i n g  
r o o t  weights  t o  t h e  o t h e r  s e e d l i n g s  i n i t i a l l y ,  
y e t  f a i l e d  t o  grow any new r o o t s .  

This  s tudy  showed t h a t  l a t e r a l  roo t  s t a r c h  was 
dep le ted  a s  t h e  s e e d l i n g s  emerged from dormancy. 
It remains t o  be understood where t h e  carbon from 
t h e  s t a r c h  was a l l o c a t e d  i n  t h e  s e e d l i n g s  o r  what 
t r i g g e r s  r o o t  growth. Every family put  on top 

growth, but not  every family grew t h e  same m o u n t  
of new r o o t s ,  The carbon may have been t rans -  
por ted  from t h e  roo t  t o  t h e  shoot ,  r e s p i r e d  i n  
response t o  t h e  s t r e s s  of l i f t i n g ,  root  pruning 
f o r  s t a r c h  a n a l y s i s  and cold s t o r a g e ,  o r  leached 
i n t o  t h e  water  i n  t h e  tank,  

The r e l a t i o n s h i p  between l a t e r a l  roo t  dry weight 
and weight of s t a r c h  i n  t h e  l a t e r a l  r o o t s  p o i n t s  
ou t  how l i t t l e  is c l e a r l y  understood about physi- 
o l o g i c a l  q u a l i t y  i n  l o b l o l l y  pine s e e d l i n g s ,  It 
appears  t h a t  p h y s i o l o g i c a l l y  a c t i v e  r o o t s  must 
maintain some amount of s t a r c h  rese rve .  However, 
j u s t  having high l a t e r a l  roo t  weights o r  h igh  
s t a r c h  conten ts  does not guaran tee  good growth. 
Other mechanisms r e l a t e d  t o  moisture s t r e s s  and 
dormancy a r e  c e r t a i n l y  a t  work. vuch needs t o  be 
lea rned  about metabol ic  pathways i n  l o b l o l l y  p ine  
seed l ings .  As pointed ou t  by Duryea and McClain 
(2) ,  t h e  few s t u d i e s  t o  focus  on t h e  r e l a t i o n s h i p  
of RGP and carbohydrate  r e s e r v e s  have presen ted  
c o n f l i c t i n g  r e s u l t s ,  and t h e r e  a r e  no d e f i n i t i v e  
s t u d i e s  of t h e  cause-and-effect r e l a t i o n s h i p s  of 
nurse ry  p r a c t i c e s ,  carbohydrate  l e v e l s ,  and f i e l d  
performance. 
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LOBLBLLU PINE SEEDLING ETIIL'LENE PRODUCTION AS AFFECTED 
1 I 

BY LIFTING TIHE m~ FGTHOD- 
2  1 

Jon D. Johnson and Nancy 3. ~ t u m ~ f f -  

Abstract . - -Ethylene.  a  gaseous p l a n t  growth r e g u l a t o r ,  
has  r e c e n t l y  been shown t o  be produced by p i n e  s e e d l i n g s  
dur ing  c o l d  s t o r a g e .  The o b j e c t i v e s  of t h i s  s tudy  were t o :  
I )  determine t h e  e f f e c t  of l i f t i n g  d a t e  on e t h y l e n e  produc t ion ;  
2) i d e n t i f y  t h e  o r i g i n  of t h e  e t h y l e n e  t o  t h e  r o o t s  o r  s h o o t s ;  
and 3)  compare t h e  e f f e c t  of machine v e r s u s  hand l i f t i n g  on 
subsequent  e t h y l e n e  product ion.  

Loblo l ly  p ine  (Pinus t a e d a  L.) s e e d l i n g s  were hand l i f t e d  
monthly from November t o  March. W'hole s e e d l i n g s ,  r o o t s  and 
shoots  s e p a r a t e l y ,  were packaged i n  Kraf t -po lye thy lene  bags 
f o r  one week a t  3' C. The e t h y l e n e  concent ra t ion  w i t h i n  t h e  
bags was measured us ing  gas  chromatography. 

The r e s u l t s  i n d i c a t e  t h a t  e t h y l e n e  product ion is  c y c l i c a l  
wi th  a  maximum concentrat ior t  o c c u r r i n g  i n  February. The r o o t s  
and shoots  on t h e  average produced s i m i l a r  q u a n t i t i e s  of e t h y l e n e  
excep t  f o r  February when t h e  r o o t s  produced twice  a s  much a s  
t h e  shoots .  Machine l i f t i n g  s t i m u l a t e d  e t h y l e n e  produc t ion  
i n  January by 38 percen t  and i n  March by 263 percen t  compared 
t o  t h e  hand l i f t e d  s e e d l i n g s ,  

METHODS INTRODUCTION 

Ethylene,  a  p l a n t  growth r e g u l a t o r ,  has  been 
i n d i r e c t l y  impl ica ted  i n  a f f e c t i n g  Douglas-f i r  
(Pseudotsuga m e n z i e s i i  (Mirb.) Franco) and l o b l o l l y  
p ine  (P inus  taeda  L. ) s e e d l i n g  performance (Zaer r  
and Lavender, 1980; B a r n e t t ,  1980, r e s p e c t i v e l y )  
and h a s  been d e t e c t e d  i n  s e e d l i n g  c o l d  s t o r a g e  
f a c i l i t i e s  a t  c o n c e n t r a t i o n s  w e l l  above those  known 
t o  b e  p h y s i o l o g i c a l l y  a c t i v e  (Johnson, 1982).Fumi- 
g a t i o n  of l o b l o l l y  p i n e  s e e d l i n g s  wi th  e t h y l e n e  h a s  
demonstrated an  e f f e c t  on both subsequent s u r v i v a l  
and growth (Johnson and Stumpff, 1984a,b) To 
f u r t h e r  i n v e s t i g a t e  t h e  p o t e n t i a l  problem of 
e t h y l e n e  product ion  and accumulation dur ing  
s t o r a g e  of l o b l o l l y  p ine ,  t h i s  s e r i e s  of s t u d i e s  
was conducted. The o b j e c t i v e s  were to:  I)  
determine t o  e f f e c t  of l i f t i n g  d a t e  on e t h y l e n e  
product ion;  2) i d e n t i f y  t h e  o r i g i n  of t h e  ethy- 
l e n e  t o  t h e  r o o t s  o r  shoots ;  and 3)  compare the  
e f f e c t  of machine versus  hand l i f t i n g  on sub- 
sequent  e t h y l e n e  product ion.  

1 I - 
Paper p resen ted  a t  Southern S i l v i c u l t u r a l  

Research Conference, A t l a n t a ,  Ga, Nov. 7-8, 1984. 
2 1  - 

A s s i s t a n t  P r o f e s s o r ,  Dept. of F o r e s t r y ,  
U n i v e r s i t y  of F l o r i d a ,  G a i n e s v i l l e ,  FL and 
Laboratory Technician,  Savannah River  Ecology 
Laboratory,  Aiken, SC. Both a u t h o r s  were prev ious ly  
a t  Dept, of F o r e s t r y ,  VPI&SU, Blacksburg, Va. 

Loblo l ly  p ine  s e e d l i n g s  (1-0) were hand l i f t e d  
monthly from November 1982 t o  Mzzrch 1983 from t h e  
V i r g i n i a  Div is ion  of F o r e s t r y  New Rent nurse ry ,  
Providence Forge, Va. Machine l i f t e d  s e e d l i n g s  were 
a l s o  c o l l e c t e d  i n  January and March. Two hundred 
i n t a c t  s e e d l i n g s  were packaged i n t o  Kraf t- 
po lye thy lene  bags. An a d d i t i o n a l  400 s e e d l i n g s  
were c u t  a t  t h e  roo t  c o l l a r ,  and t h e  r o o t s  and 
shoots  were s t o r e d  s e p a r a t e l y  i n  K-P bags. The 
i n t a c t  s e e d l i n g s ,  r o o t s  and shoots  were r e p l i -  
ca ted  twice f o r  each l i f t  d a t e  and s t o r e d  f o r  
one week a t  ~ O C .  The e thy lene  c o n c e n t r a t i o n s  
w i t h i n  t h e  bags were q u a n t i f i e d  wi th  gas chroma- 
tography (Johnson, 1982) and were repor ted  on a  
d r y  weight b a s i s .  

The amount of hormonal and wound e t h y l e n e  
produced was es t imated  by assuming t h a t  t h e  
i n t a c t ,  whole s e e d l i n g s  were producing on ly  
"hormonal" and t h a t  t h e  "wound" e thy lene  was t h e  
r e s u l t  of c u t t i n g  t h e  s e e d l i n g s  i n  h a l f .  
Therefore:  

"wound" = (shoot  4- r o o t )  - whole 

The "woundt'ethylene was propor t ioned  t o  t h e  r o o t s  
and shoots  based on t h e i r  r a t e  of product ion such 
t h a t  : 

shoot  "wound" =(shoot  / ( shoot  + r o o t ) ) x  "woundtt 
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Figure 1. Ethy lene  c o n t e n t  of K-P bags c o n t a i n i n g  whole s e e d l i n g s ,  r o o t s  and 
s h o o t s  of l o b l o l l y  p i n e  l i f t e d  monthly from December t o  March. Bars w i t h  t h e  
same l e t t e r  a r e  n o t  s t a t i s t c a l l y  d i f f e r e n t  a t  a  5 percen t  p r o b a b i l i t y  l e v e l .  

r o o t  "wound" = ( r o o t / s h o o t  + r o o t ) ) x  "wound" 

RESULTS AND DISCUSSION 

E t h y l e n e  con ten t  i n  whole s e e d l i n g s ,  r o o t s  
and s h o o t s  remained f a i r l y  c o n s t a n t  a t  around 
0. LO ppb/g f o r  December, January  and March (Fig. 1). 
In February  t h e  r o o t s  produced 0.6 ppb/g, whole 
s e e d l i n g s  produced 0.42 ppb/g and t h e  s h o o t s  prod- 
uced 0.28 ppb/g. These v a l u e s  were s t a t i s t i c a l l y  
d i f f e r e n t  from each  o t h e r  and a l l  of t h e  o t h e r  l i f t  
d a t e s  ( F i g .  1 ) .  A s i m i l a r  t r e n d  was r e p o r t e d  i n  t h e  
e t h y l e n e  c o n c e n t r a t i o n  measured i n  t h e  atmosphere 
of t h e  c o l d  s t o r a g e  f a c i l i t i e s  a t  t h e  same n u r s e r y  
(Johnson,  1982). The peak v a l u e  i n  t h a t  s tudy  
o c c u r r e d  about  a month e a r l i e r .  

The s i g n i f i c a n c e  of t h i s  b u r s t  of e t h y l e n e  is 
unknom, bu t  i t  may be  a s s o c i a t e d  w i t h  t h e  dormancy 
p r o c e s s .  The month d i f f e r e n c e  i n  peak v a l u e  
d i s c u s s e d  above can be exp la ined  by an unusua l ly  
warm autumn t h e  year  t h e  p r e s e n t  s t u d y  was con- 
duc ted ,  d e l a y i n g  t h e  normal dormancy process .  
C o r r o b a t i v e  d a t a  f o r  t h e  involvement of e t h y l e n e  
i n  bud dormancy comes from a  r e c e n t l y  publ ished 
s t u d y  i n  which bud break was a s s e s s e d  monthly 
(Johnson and B a r n e t t ,  1984) ,  I n  t h a t  s t u d y ,  
conducted a  year  l a t e r  w i t h  VDF s e e d l i n g s ,  t h e  
c h i l l i n g  requirement  f o r  bud break was not met 
u n t i l  a f t e r  t h e  f i r s t  of February.  The e t h y l e n e  
peak may be s i g n a l i n g  a s h i f t  i n  s e e d l i n g  meta- 

bol ism from a  dormant s t a t e  t o  a  s t a t e  of a c t i -  
v i t y  i n  p r e p a r a t i o n  f o r  bud break.  

The a b s o l u t e  v a l u e s  f o r  t h e  r o o t s  and s h o o t s  
r e p o r t e d  i n  Fig. 1 r e f l e c t  t h e  a d d i t i o n  of wound 
e t h y l e n e .  In  a l l  c a s e s ,  t h e  sum of r o o t  p l u s  
shoo t  always exceeded t h e  whole s e e d l i n g  v a l u e .  
The "wound" and "hormonal" e t h y l e n e  was p a r t i t i o n e d  
p r o p o r t i o n a t e l y  and found n o t  t o  d i f f e r  g r e a t l y  
e i t h e r  by l i f t  d a t e  o r  by s e e d l i n g  p a r t  (Fig.  2). 
Root "wound" e t h y l e n e  was c o n s i s t e n t l y  h i g h e r  i n  
t h e  e a r l y  l i f t  d a t e s  (November and ~ e c e m b e r )  a s  was 
shoo t  "wound" e t h y l e n e .  However, by January  t h e  
d i f f e r e n c e s  between "wound" and "hormonal" were n o t  
c o n s i s t e n t ,  The i n c r e a s e  i n  e t h y l e n e  i n  February 
was e q u a l  f o r  both t h e  "wound" and "hormonal" 
l e v e l s ,  though t h e  r o o t s  produced more than  twice  
t h a t  of t h e  shoo ts .  

Machine l i f t i n g  had a  s i g n i f i c a n t  e f f e c t  on t he  
e t h y l e n e  p roduc t ion  of whole s e e d l i n g s  (F ig .  3). 
The hand l i f t e d  s e e d l i n g s  d i d  no t  d i f f e r  s i g n i f i -  
c a n t l y  between January  and March. However, e thy-  
l e n e  c o n t e n t  was i n c r e a s e d  38 percen t  by raachine 
l i f t i n g  i n  January  and by 263 percen t  i n  March. 
Machine l i f t i n g  no t  on ly  t ends  t o  break r o o t s ,  
bu t  t h e  stems of t h e  s e e d l i n g s  may be compressed 
by t h e  b e l t s  of t h e  l i f t i n g  machine. The l a r g e  
i n c r e a s e  f o r  t h e  March d a t e  can be a t t r i b u t e d  t o  
t h e  l a c k  of dormancy t h a t  was probably p r e s e n t  i n  
t h e  January  l i f t e d  s e e d l i n g s .  
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Figure  2.  Ethylene c o n t ~ n L  of r o o t s  (Ri) 3 r d  shoots  ( S t )  of l o b l o l l y  
p i n e  p a r t i t i o n e d  i n t o  "wound" (Wd) and "hormonal" (HI) e t h y l e n e  ( s e e  t e x t ) .  

These r e s u l t s  f u r t h e r  i n d i c i i t e  t l l a t  dorma~lt seed- 
l i n g s  can be l i f t e d  and handled wi th  l e s s  damage w 

than non-domznt s e e d l i n g s .  
0.3 
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Figure 3 .  The e f f e c t  of l i f t i n g  method, machine v e r s u s  hand, an  e t h y l e n e  
conten t  i n  K-P bags of l o b l o l l y  p ine  s e e d l i n g s  l i f t e d  i n  January and 
March. Bars w i t h  t h e  same l e t t e r  a r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t  a t  
a  5 percen t  p r o b a b i l i t y  l e v e l .  
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2 1 James P .  Barnett- 

Abs t rac t  .--The term " f l u i d  d r i l l i n g "  i s  commonly used 
i n  a g r i c u l t u r e  f o r  a  technique of sowing germinated seeds  
d i r e c t l y  on to  s o i l  using a  g e l  c a r r i e r .  Sowing of g e r ~ n i n a n t s  
g r e a t l y  reduces the v a r i a b l e  e f f e c t s  of weather and seedbed 
c o n d i t i o n  on germinat ion and l e a d s  t o  very rap id  and uniform 
s e e d l i n g  es tab l i shment .  This  un i formi ty  i n  es tab l i shment  
should s i m p l i f y  seed l fng  c u l t u r e  and reduce t h e  perceutage 
of c u l l  o r  low q u a l i t y  s e e d l i n g s .  F l u i d  d r i l l i n g  involves  
t echniques  t h a t  o b t a i n  uniform germinat ion i n  a e r a t e d  water ,  
s e p a r a t e  germinated from ungerminated seeds ,  mix t h e  
germinants  with a g e l ,  and sow t h e  g e l  on t h e  nurse ry  bed o r  
c o n t a i n e r  medium. 

INTKODUCTION 

Poor s e e d l i n g  e s t a b l i s h m e n t  is one of the  
most s i g n i f i c a n t  problems i n  t h e  nursery produc- 
t i o n  of h igh  q u a l i t y  bare-root  seed l ings .  
C l i m a t i c  extremes,  unfavorab le  s o i l  c o n d i t i o n s ,  
and t h e  presence of s o i l  pathogens during and 
fo l lowing  sowing may d r a s t i c a l l y  a f f e c t  ger- 
mina t ion  and s u r v i v a l .  Thus, seeds  do no t  ger- 
minate  and develop a s  w e l l  i n  t h e  f i e l d  a s  
s t a n d a r d  l a b o r a t o r y  germina t ion  t e s t s  i n d i c a t e .  
Numerous a t t empts  have been made t o  develop v igor  
o r  s t r e s s  t e s t s  t h a t  would a l low nurserymen t o  be 
a b l e  t o  p r e d i c t  f i e l d  performance more accura-  
t e l y .  However, these  e f f o r t s  g e n e r a l l y  have been 
unsuccess fu l ,  and germinat ion t e s t s  remain t h e  
b e s t  means of e s t i m a t i n g  n u r s e r y  performance 
( B a r n e t t  and McLemore 1984). 

Problems a s s o c i a t e d  wi th  poor germination, 
i r r e g u l a r  spac ing ,  and s taggered  germinat ion 
i n c r e a s e  t h e  percentage of c u l l  o r  i n f e r i o r  
s e e d l i n g s  and can s i g n i f i c a n t l y  i n c r e a s e  s e e d l i n g  
c o s t s .  I d e a l l y ,  (1) every seed  sown should 
r e s u l t  i n  a  s e e d l i n g ,  (2 )  germina t ion  should be 
prompt and uniform, and (3) each seed should be 
a c c u r a t e l y  spaced w i t h i n  t h e  nurse ry  bed. F lu id  
d r i l l i n g ,  a  r e l a t i v e l y  new technique ,  o f f e r s  the  
p o t e n t i a l  of meeting t h e s e  o b j e c t i v e s .  I t  
i n v o l v e s  methods t o  o b t a i n  uniform germinat ion i n  
a e r a t e d  wate r ,  s e p a r a t i o n  of gerininated from 
ungerminated seeds ,  g e l  suspension of germinants ,  
and p r e c i s i o n  sowing of t h e  g e l  Fnto t h e  nurse ry  
bed. 

-------.--- 
I /  Paper presented a t  Southern S i l v i c u l -  

t u r a l - ~ e s e a r c h  Conference, A t l a n t a ,  Georgia, 
November 7-8, 1984. 

2 1  P r i n c i p a l  s i l v i c u l t u r i s t ,  USDA-Forest 
s e r v i c e ,  Southern F o r e s t  Experiment S t a t i o n ,  
P i n e v i l l e ,  La. 71360. 

DEVELOPMENT OF TECHNIQUES FOR FORESTRY 

Germination 

Poor nurse ry  es tab l i shment  is  o f t e n  r e l a t e d  
t o  poor o r  slow germinat ion.  Currah and h i s  
a s s o c i a t e s  (1974) a t  t h e  Nat iona l  Vegetable 
Research S t a t i o n  i n  England e s t a b l i s h e d  the  
advantages oE us ing  germinants  over ungerminated 
seeds.  F l u i d  d r i l l i n g  techniques a l low the  seeds  
t o  be p a r t i a l l y  germinated under optimum con- 
d i t i o n s ,  then t h e  germinants a r e  sowed. No 
al lowances have t o  be made f o r  poor v i a b i l i t y  o r  
i n c o n s i s t e n c i e s  between l a b o r a t o r y  and nursery  
germinat ion.  Seeds a r e  germinated i n  a e r a t e d  
wate r  wi th  optimum teioperature and l i g h t  con- 
d i t i o n s .  

E a r l i e r  work (Barne t t  1971) wi th  a e r a t e d  
wate r  soaks a s  a means of s t i tnu la t ing  germinat ion 
h a s  shown t h a t  germinat ion of sou thern  pine seeds  
i n  water  is  f e a s i b l e .  Even a t  low temperatures  
(about  4 0 ° ~ ) ,  germinat ion w i l l  e v e n t u a l l y  occur ,  
but  i t  is  more prompt a t  h igher  temperatures  
( 7 0 ' ~ ) .  S t r a t i f i c a t i o n  and germinat ion processes  
can be done i n  a e r a t e d  water .  However, t h e  most 
prompt and uniform response i s  accomplished when 
s t r a t L f i c a t i o n  precedes germinat ion (Barne t t  
1984). Our t e s t s  show t h a t  germinat ion i n  
a e r a t e d  wate r  i s  more rap id  and uniform when dor- 
mant seeds  such a s  l o b l o l l y  pine (Pinus taeda 
L , )  a r e  a l r e a d y  s t r a t i f i e d  ( t a b l e  1 ) .  

Germination i n  water  can be done with equip- 
ment a s  s imple a s  an aquarium tank and a e r a t o r ;  
however, more s o p h i s t i c a t e d  and r e l i a b l e  equip- 
ment i s  now commerically a v a i l a b l e  from F l u i d  
D r i l l i n g  Limited@. Uni t s  a r e  a v a i l a b l e  t h a t  
a e r a t e  t h e  water  and main ta in  temperatures  from 
n e a r  f r e e z i n g  t o  about 9 5 " ~ ~  A f t e r  germinat ion,  



t h e  s e e d  development m u s t  be a r r e s t e d  u n t i l  i t  i s  
c o n v e n i e n t  t o  son. T h i s  can be done by c o o l i n g  
~ e r m i n a n t s  t o  nea r  3 2 " ~  and m a i n t a i n i n g  t h i s  tent- 
p e r a t u r e  d u r i n g  s t o r a g e  f o r  up t o  2 weeks (Currah 
t 9 7 8 ) .  

T a b l e  1 .--Five-day g e r l o i n a t i o n l / o f  30- and 60-day 
stratified l o b l o l l y  p i n e  s e e d s  i n  a e r a t e d  w a t e r  
a t  72°F w i t h o u t  l i g h t  

------ -- ---------------- 
S t r a t i f i c a t i o n  R e p l i e  i o n  --- - ------------- 

number SO days  - - -  30_2xs--- -------- -----.. ----  percent------  - - - - - -  --- 

Mean 10 4 9  

----- - -------- 
1/ Germina t ion  based on t e s t s  of 100 s e e d s  p e r  - 
r e p l i c a t i o n .  

Our work i n  deve lop ing  t e c h n i q u e s  t o  e f f e c -  
t i v e l y  a n d  un i fo rmly  ge rmina te  i n  a e r a t e d  w a t e r  
h a s  been p r i m a r i l y  w i t h  loblo1l.y p i n e ,  bu t  t h e  
t e m p e r a t u r e  and l i g h t  r e s p o n s e s  shou ld  be s i m i l a r  
i n  o t h e r  s o u t h e r n  p ine  s p e c i e s  a s  w e l l .  

Temperature.--The optimum g e r m i n a t i o n  tem- 
p-- 

p e r a t u r e  f o r  l o b l o l l y ,  s l a s h  ( P .  elliotti 
Engelm.) and s h o r t l e a f  p i n e  (P. eehinata XFl1.) 
s e e d s  i s  n e a r  7 5 ' ~  ( B a r n e t t  1979) .  The optimum 
t e m p e r a t u r e  remained n e a r l y  t h e  same f o r  l o b l o l l y  
s e e d s  t e s t e d  i n  a e r a t e d  w a t e r  ( t a b l e  2 ) .  

T a b l e  2 .--Five-day germina t i o n  i 'of 60-day 
s t r a t i f i e d  l o b l o l l y  p i n e  s e e d s  i n  a e r a t e d  w a t e r  
( w i t h  l i g h t )  a t  d i f f e r e n t  t empera tu res  

R e p l i c a t i o n  Germina t ion  t empera tu re  
number 60°F 7 2 ' ~  8 6 ' ~  

--.----- --- ercent---  -- ------ 

Mean 17  8 3 75 

I /  G e r m i n a t i o n  based on t e s t s  of 100 s e e d s  p e r  - 
r e p l i c a t i o n .  

L i g h t  exposure  ,--Southern p ine  s e e d s  must be 
exposed t o  l i g h t  t o  a c h i e v e  prompt and uniform 
g e r m i n a t i o n  (Nelson 1940) .  The q u a n t i t y  of l i g h t  
n e c e s s a r y  t o  s a t i s f y  t h e  l i g h t  r equ i rement s  f o r  
g e r m i n a t i o n  i s  about  150 foo t -cand les  a t  a  photo- 
p e r i o d  o f  1 6  hours  ( Jones  1961) .  Seed s t r a t i f i -  

c a t i o n  reduces  t h e  l i g h t  requirement  ( X e ~ e m o r e  
3.9641, hu t  even w i t h  60 days  of m o i s t - c h i l l i n g ,  
l i g h t  d u r i n g  t h e  ae ra ted -wa te r  g e r m i n a t i o n  
improved performance ( t a b l e  3).  Tf s e e d s  a r e  
h e l d  i n  a c l o t h  bag when a e r a t e d ,  t h e  i n t e n s i t y  
of t h e  l i g h t  may have t o  be i n c r e a s e d  t o  compen- 
s a t e  f o r  t h e  r e d u c t i o n  of l i g h t  t h a t  r e a c h e s  t h e  
s e e d s .  

T a b l e  3 .--Five-day g e r s a i n a t  ton2 of 60-day s t r a -  
t i f i e d  l o b l o l l y  p i n e  seeds i n  aerated w a t e r  a t  
7 2 " ~ .  

----- ---- -------- 
R e p l i c a t i o n  With Without I n  c l o t h  bag 

nutnbe r  l i g h t  l i ~ h t  2/ w i t h  l igh t -  ---- -- --- - --.-- - I---*--- -- --- 
-- - - - - - * - -  ~r~t~? ,%t- - - - - - -  ---- 

Mean 8 3  50 78 

p-p-.----p------- ------ --- 
I /  Germina t ion  based on t e s t s  of 100 s e e d s  p e r  - 
r e p l i c a t i o n .  
21 L i g h t  was p rov ided  a t  an  i n t e n s i t y  of 150 - 
foo t -cand les .  

Seed S e ~ a r a t  i o n  --- --- 

The s o r t i n g  of germinated from nongerminated 
s e e d s  i s  an  impor tan t  a s p e c t  of t h e  f l u i d  
d r i l l i n g  p rocess .  T h i s  is p a r t i c u l a r l y  n e c e s s a r y  
when g e r m i n a t i o n  i s  no t  uniform o r  when s e e d  
v i a b i l i t y  is  low. T a y l o r  and o t h e r s  (1978) de- 
ve loped  a  d e n s i t y  s o r t i n g  method u s i n g  a s u c r o s e  
s o l u t i o n  of a n  a p p r o p r i a t e  s p e c i f i c  g r a v i t y .  The 
ge rmina ted  s e e d s  f l o a t ,  whereas t h e  ungerminated 
ones  s i n k .  However, a s p e c i f i c  g r a v i t y  of abou t  
1 . 2  i s  n e c e s s a r y  t o  s e p a r a t e  l o b l o l l y  p i n e  s e e d s .  
Because i t  i s  d i f f i c u l t  t o  o b t a i n  such a h i g h  
s p e c i f i c  g r a v i t y  s o l u t i o n ,  we a r e  i n  t h e  p r o c e s s  
of l o o k i n g  a t  o t h e r  t echn iques  t h a t  show promise  
i n  s o r t i n g  s e e d s .  

The s i m p l e s t  way t o  upgrade a  seed l o t  is t o  
e n s u r e  t h a t  a l l  empty s e e d s  a r e  removed p r l o r  t o  
use .  Empty s e e d s  can  be 25 t o  30 p e r c e n t  of t h e  
s e e d l o t .  T h i s  s e p a r a t i o n  can be done w i t h  me- 
c h a n i c a l  equipment such a s  g r a v i t y  t a b l e s  o r  w i t h  
l i q u i d s  of a p p r o p r i a t e  s p e c i f i c  g r a v i t y .  Empty 
l o b l o l l y  s e e d s  can be  e a s i l y  f l o a t e d  i n  w a t e r *  
Hydrocarbon l i q u i d s  must be used f o r  o t h e r  p i n e  
s p e c i e s :  i . e . ,  s l a s h  (wa te r -e thano l  mix),  
l o n g l e a f  (P. p l u s t r i s  M i l l , )  ( p e n t a n e ) ,  and 
s h o r t l e a f  ( e t h a n o l )  ( B a r n e t t  and McLenore 1970) .  

Two new methods of upgrad ing  seed  l o t s  a r e  
under  development.  The f i r s t  removes mechani- 
c a l l y  damaged seeds .  The t echn ique  is  based on 
t h e  p r i n c i p l e  t h a t  l i q u i d ,  under  p r e s s u r e ,  e n t e r s  
mechanFcal ly  damaged s e e d s  more e a s i l y  t h a n  s e e d s  



with  i n t a c t  c o a t s .  Ca l led  PREVAC, t h i s  method 
was developed by Bergston and Les tander  (1983) i n  
Swden and r e q u i r e s  f u r t h e r  re f  lnetnent . 
Experiments )lave shown t h a t  f l o a t i n g  damaged 
seeds  qu ick ly  l o s e  t h e i r  buoyancy and s i n k  when 
exposed t o  p ressure .  Th is  procedure may work 
w i t h  some sou thern  pine s e e d s ,  b u t  it would not  
wi th  l o b l o l l y  pine seeds  s i n c e  sound seeds s i n k  
i n  water .  

The second method, IDS, s e p a r a t e s  dead from 
v i a b l e  s e e d s *  The IDS method is based on t h e  
p r i n c i p l e  t h a t  v f a b l e  s e e d s ,  a f t e r  imbfb i t ion  and 
subsequent  d ry ing ,  l o s e  absorbed mois tu re  a t  a  
much s lower r a t e  than  dead s e e d s  (Simak 2981). 
T h i s  causes  d i f f e r e n c e s  i n  weight and o t h e r  pro- 
p e r t i e s  between t h e  two seed c a t e g o r i e s  and 
a l l o w s  s e p a r a t i o n  based on p h y s i c a l  p r i n c i p l e s  
such a s  f l o t a t i o n  and s p e c i f i c  g r a v i t y .  

E x t e n s i v e  e v a l u a t i o n s  of t h e s e  s o r t i n g  
methods have no t  been conducted with sou thern  
p ine  seeds .  Our l i m i t e d  IDS t e s t s  with l o b l o l l y  
p i n e  seeds  show t h a t  some s e p a r a t i o n  i s  f e a s i b l e .  
C e r t a i n l y  t h e s e  methods shou ld  provide f o r  
upgrading of seed l o t s ,  even though i t  i s  not y e t  
p o s s i b l e  t o  o b t a i n  c l e a r  s e p a r a t i o n  of dead & 
v i a b l e  seeds .  

Gel  C a r r i e r  f o r  D r i l l i n g  ---- - -- - - -- - -- ----- 
Germinants f r o a  t h e  a e r a t e d  water  t r ea tment  

should have a n  exposed r a d l c l e  o n l y  2 o r  3 rn i n  
l e n g t h ,  bu t  even t h e s e  are s u b j e c t  t o  damage. 
For p r o t e c t i o n ,  germinants  a r e  normally suspended 
i n  a  v i s c o u s  g e l  t h a t  is  t h i c k  enough t o  p r o t e c t  
them and provide a  means of t r a n s p o r t i n g  and 
mete r ing  a  g iven  q u a n t i t y  of seeds.  F l u i d  
D r i l l i n g  Limited@ has  a  p o r t a b l e  mixer t h a t  e f f i -  
c i e n t l y  mixes a c a r r i e r  powder and cold water  t o  
form a  v i s c o u s  g e l .  By mixing a known number of 
seeds  i n t o  a  q u a n t i t y  of g e l ,  t h e  seed d e n s i t y  
(number of seeds  per  p lan ted  area) can be d e t e r -  
mined by t h e  r a t e  of g e l  a p p l i c a t i o n  ( f i g .  1 ) .  

D r i l l i n g  x ~ i l m e n t  
PP 

The seed-gel mix ture  has  g e n e r a l l y  been 
a p p l i e d  w i t h  a  p l a n t e r  wi th  a  s i n g l e  l a r g e  
ho ld ing  t ank  and a  number of p e r i s t a l t i c  pumps, 
one pump p e r  seed row. Each pump would e x t r a c t  a  
q u a n t i t y  of g e l  determined by t h e  t r a v e l  speed of 
t h e  p l a n t e r .  The p l a n t e r  c o n t r o l s  t h e  seed den- 
s i t y  wi th  reasonab le  accuracy ,  bu t  t h e  r e s u l t i n g  
spac ing  i s  a t  random. Searcy and Roth (1981) 
have developed a  p ro to type  p r e c i s i o n  meter ing 
system t h a t  ho lds  c o n s i d e r a b l e  promise f o r  
a c c u r a t e  spac ing  of seed germinants .  

POTENTIAL FOR hliUXSERY APPLICATIONS 

Although t h e  use  of pregerminated seeds  i n  
f o r e s t  s e e d l i n g  p roduc t ion  h a s  not been r e p o r t e d ,  
t h e  a p p l i c a t i o n  of t h i s  t echn ique  could r e s u l t  i n  
c o s t  r e d u c t i o n s  i n  both seedbed and c o n t a i n e r i z e d  
s e e d l i n g  o p e r a t i o n s .  Reduct ions should occur i n  

F i g u r e  1.--Diagramatic r e p r e s e n t a t i o n  of suspen- 
s i o n  of seed germinants  i n  a  g e l  c a r r i e r .  

t h e  number of c u l l  p l a n t s  and i n  t h e  greenhouse 
energy and l a b o r  requ i red  f o r  s e e d l i n g  produc- 
t i o n .  Use of optimum germina t ion  c o n d i t i o n s  and 
t h e  e l i m i n a t i o n  of nonviable  seeds  w i l l  a l l o w  
maximum y i e l d  from each seed l o t .  P regermina t ion  
w i l l  r e s u l t  i n  e a r l i e r  s e e d l i n g  emergence and 
w i l l  a l l o w  growth t o  proceed over  a  range of tem- 
p e r a t u r e s ,  i n c l u d i n g  t h o s e  a t  which seeds  may n o t  
normally germinate .  Seed l ings  developing more 
uniformly should a l s o  reduce t h e  number of c u l l  
p l a n t s  due t o  l e s s  i n t e r p l a n t  compet i t ion.  These 
b e n e f i t s  a r e  being used i n  v e g e t a b l e  p roduc t ion  
and they  should be f u r t h e r  i n v e s t i g a t e d  f o r  
f o r e s t  p r a c t i c e s .  

Research has  shown t h a t  ge rmina t ion  i n  
a e r a t e d  water  is e n t i r e l y  f e a s i b l e .  The g r e a t e s t  
r e s e a r c h  need i s  t o  develop p r a c t i c a l  t echn iques  
t o  remove e i t h e r  nonviab le  o r  ungerminated seeds  
from bulk l o t s .  Development of more p r e c i s e  
d r i l l i n g  equipment is needed b e f o r e  t h e  t echn ique  
can  become f u l l y  o p e r a t i o n a l  i n  f o r e s t  n u r s e r i e s .  
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Abstract.--Tsmperatures of ba re  s o i l  nurse ry  beds were 
compared wi th  t h e  te inperatures  of two ground covers ,  hydromulch 
and pine s t raw,  dur ing  germinat ion.  Temperature was d e t e r -  
tnined t o  a f f e c t  ge rmina t ion  of s h o r t l e a f ,  s l a s h ,  l o n g l e a f ,  
whi te ,  and l o b l o l l y  p ine  seeds .  Thermal i n s u l a t i o n  q u a l i t i e s  
of both c o n t r i b u t e d  t o  decreased f i e l d  g e r x i n a t i o n .  S o i l  tem- 
p e r a t u r e  f l u c t u a t i o n s  must be cons idered  a s  a f a c t o r  i n  ger- 
n i n a t i o n  when s e l e c t i n g  a ground cover  f o r  p h y s i c a l  p r o t e c t i o n  
on nurse ry  beds. 

Using ground covers  and mulches i n  
s o u t h e r n  Fores t  t r e e  n u r s e r i e s  is an 
e s t a b l i s h e d  p r a c t i c e s  t o  c o n t r o l  wind and water  
e r o s i o n  (Bosch 1976, Rowan 1980) .  Soyer and 
South (1984) p i n t  out  t h a t  only 1 of 51 nur- 
s e r i e s  surveyed d i d  not use  some type of su lch .  
The mulches used were hydromulch, p ine  s t raw,  
sawdust ,  o r  bark;  t h e s e  were o r i g i n a l l y  
s e l e c t e d  f o r  t h e  way t h e i r  phys ica l  charac-  
t e r i s  t i c s  a s s  i s  t ed  i n  e r o s i o n  c o n t r o l .  
However, these  same a t  t r i b u t e s  a l s o  a f  f e c t  t h e  
b i o l o g t c a l  i n t e r p l a y  l e a d i n g  t o  seed 
germina t ion .  

P i n e  seeds  a r e  known t o  have an optimum 
tempera tu re  range f o r  s t o r a g e ,  s t r a t i f i c a t i o n ,  
and germina t ion  (USDA 1974). Hydromulch i n  
p a r t i c u l a r  a c t s  a s  a thermal  i n s u l a t o r  wi th  an 
R v a l u e  of 4.0 e r  inch  ( p e r s o n a l  
communica t ion)~y .  The r e l a t l v e  p o p u l a r i t y  of 
hydromulch and a v a i l a b i l i t y  of  pine s t r a w  
s u g g e s t  t h a t  t h e i r  temperature  e f f e c t s  should 
b e  cons idered  when these  two a r e  used a s  a 
mulch f o r  germinat ing p ine  seeds  i n  t h e  nur- 
s e r y .  The f i n d i n g s  of Rowan (1980, 1982) sup- 
p o r t  con t inued  use of both types of mulch t o  
i n c r e a s e  s e e d l i n g  p roduc t ion .  The o b j e c t i v e  of 
t h i s  s tudy  i s  t o  determine what temperature  
e f f e c t s  come i n t o  p lay  when t h e s e  ground covers  
a r e  used as mulches i n  f o r e s t  t r e e  n u r s e r i e s .  

P inus  e c h i n a t a  ( s h o r t l e a f ) ,  P.  e l l i o t t i i  
P --- 

( s l a s h ) ,  P, p a l u s t r i .  ( l o n g l e a f ) ,  P . s t r o b u s  
( w h i t e ) ,  and P. t a e d a  ( l o b l o l l y )  seeds  were used 
i n  t h e  p l a n t i n g s .  Each s p e c i e s  was represen ted  
by 100 seeds  from each of 3 d i f f e r e n t  lo t s - - fo r  a 
t o t a l  of 300 seeds per  s p e c i e s .  The seeds  were 
mixed and randomly d iv ided  f o r  t reat inent  i n t o  
t h r e e  100-seed groups. 

S h o r t l e a f ,  whi te ,  and l o b l o l l y  seeds were 
s t r a t i f i e d  a t  2 O C  f o r  28  days. S l a s h  and 
l o n g l e a f  seeds  were not s t r a t i f i e d .  A l l  s eeds  
were p lan ted  t h e  same day i n  nurse ry  beds pre- 
pared a t  t h e  F o r e s t r y  Sc iences  Laboratory i n  
S t a r k v i l l e ,  Mississ ippi . .  Two beds were prepared 
f o r  each of 2 r e p l i c a t i o n s  of 100 seeds f o r  a l l  
s p e c i e s .  The remaining 100 seeds  of each s p e c i e s  
were placed on a therrnogradient p l a t e  f o r  
l abora to ry-condi t ioned  germinat ion.  Data Erom t h e  
l a t t e r  t e s t  a r e  not y e t  complete and w i l l  be 
r e p o r t e d  l a t e r .  Seeds were placed i n  one of t h r e e  
t r e a t m e n t s :  c o n t r o l  ( s o i l  on ly  wi th  no mulch), 
hydromulch, o r  p ine  s t raw.  Seeds were p l a n t e d  10 
mm deep i n  nurse ry  beds wi th  e i t h e r  a 10 m l a y e r  
of hydromulch o r  a 1 5  mtn l a y e r  of p ine  s t r a w  
covering.  

Temperatures were observed us ing  two 
methods. F i r s t ,  two remote thermographs w i t h  
t h r e e  record ing  probes each were used f o r  con- 

I - Paper  p resen ted  a t  Southern tinuotzs and recorded read ings .  Each t rea tment  i n  
S i l v t c u l t u r a l  Research Conference, A t l a n t a ,  t h e  nurse ry  beds had a probe bur ied  a t  t h e  10-mm 
Georgia ,  November 7-8, 1984. ( p l a n t e d  seed)  l e v e l .  The probe a u t h o m a t i c a l l y  

recorded  cont inuous t empera tu res  i n  t h e  s o i l .  
Research P l a n t  P h y s i o l o g i s t ,  Southern Each t rea tment  r e p l i c a t i o n  had i t s  s e p a r a t e  probe 

F o r e s t  Experiment S t a t i o n ,  F o r e s t  Service--USDA and recording.  I n  a d d i t i o n  t o  t h e  record ing  
thermographs, a n  a d d i t i o n a l  s i x  s o i l  thermometers 

C i n c i n n a t i  F i b e r ,  Feb., 1983. were p l a c e s  a l o n g s i d e  t h e  p rocess .  



Seeds  were p l a n t e d  in A p r i l  1983 and A p r i l  
1 9 8 4 .  Temperatures  were r ecorded  f o r  6 weeks 
w h i l e  s e e d s  g e r a i n a t e d  i n  t h e  beds .  Weather 
d a t a  were a l s o  c o l l e c t e d  from t h e  N a t i o n a l  
? ? e a t h e r  S e r v i c e  t o  r e f l e c t  t h e  a i r  tein- 
p e r a t u r e s *  Seed g e r m i n a t i o n  was counted t h r e e  
t i m e s  a week. Da ta  r e p o r t e d  h e r e  is  t h e  
a v e r a g e  of bo th  t h e  1383 and t h e  1984 obser-  
v a t  i o n s .  

RESULTS AND DISCUSSION 

Haxirnum and minimum a b s o l u t e  s o i l  tem- 
p e r a t u r e s  and a v e r a g e  h i g h  and low s o i l  tem- 
p e r a t u r e s  f o r  s e e d - l e v e l  s o i l  of each t r e a t m e n t  
w e r e  compared t o  a v e r a g e  d a i l y  h i g h  and low a i r  
t e m p e r a t u r e s  d u r i n g  t h e  g e r m i n a t i o n  p e r i o d  ( f i g .  
1 ) .  Germinat ion was obse rved  and recorded  a s  
g e r m i n a t i o n  c a p a c i t y  and peak v a l u e  ( t a b l e  1 ) .  

The h i g h e s t  g e r m i n a t i o n  c a p a c i t y  was 
o b s e r v e d  i n  t h e  c o n t r o l  t r e a t m e n t  of each spe- 
c i e s  t e s t e d .  With t h e  e x c e p t i o n  of s l a s h  p i n e ,  
t h e  lowes t  g e r m i n a t i o n  c a p a c i t y  was a lways 

under  hydromulch, whi l e  p ine  s t r a w  was u s u a l l y  
in t e rmet f i a t e .  A s  shown i n  f i g u r e  I ,  t h e  con t ro l .  
t r e a t m e n t  had t h e  l a r g e s t  v a r i a t i o n  of te:nperal;ure 
r a n g e s ,  and hydrozilulch had t h e  s m a l l e s t  r anges .  
A11 s p e c i e s  were w e l l  w i t h i n  t h e  u s u a l  20' t o  30°C 
recornmeride8 range  f o r  g e r & i n a t  i o n  (USDA 1 9 7 4 ) .  

Thermal frtsu"tti i>n i s  s p e c i f i c  f o r  e a c h  
t r e a t m e n t .  Thf s is  r e a d i l y  compared by observing 
t h e  v a r i a t i o n  of maxiaum and minimum a b s o l u t e  t em-  
p e r a t u r e s  of each treatlnerrt  from t h e  a v e r a g e  d a i l y  
h i g h  and low a i r  temperatures ( f i g .  1 ) .  The 
c o n t r o l  t r e a t n e n t  had t h e  l e a s t  i n s u l a t i o n  and the 
most v a r i a n c e  (41°C). Hydro:nulch had t h e  most 
i n s u l a t i o n  and l e a s t  v a r i a n c e  (2g°C),  w h i l e  p i n e  
s t r a w  was i n t e r m e d i a t e  w i t h  39°C v a r i a n c e .  The 
ave rage  d a i l y  a i r  t empera tu re  f o r  t i le  g e r m i n a t i o n  
p e r i o d  was 2I0C.  The ave rage  d a i l y  s o i l  tela- 
p e r a t u r e s  Eor each  t r e a t m e n t  were 2 3 ' ~  f o r  
c o n t r o l ,  21°C f o r  hydromulch, and 2 2 ' ~  f o r  p i n e  
s t r a w .  Hydromulch a g a i n  d i s p l a y e d  i t s  i n s u l a t i o n  
p r o p e r t i e s  by m a i n t a i n i n g  a n  a v e r a g e  s o i l  tem- 
p e r a t u r e  t h a t  was comparable t o  t h e  a v e r a g e  a i r  
t empera tu re .  

F igure  1. S o i l  t e m p e r a t u r e  ('c) a t  10 nm ( s e e d  l e v e l )  f o r  b a r e  s o i l  and two n u r s e r y  bed mulches .  

MA,Y (42') 

X X X ~ X X  

p- 

BARE SOIL HYDROMULCH PINE STRAW -- 
XXX = Average h i g h  o r  low d a i l y  s o i l  temp. 
... = Average d a i l y  s o i l  temp. MA,Y = Maximum a b s o l u t e  t e m p e r a t u r e .  
- -  - Average d a i l y  a i r  temp 21 '~ .  

i) NLN = Min5murn a b s o l u t e  t e m p e r a t u r e .  
--- - - Average d a i l y  h i g h  ( 2 7  C) , o r  low ( 1 4 * ~ ) ,  a i r  temp. 

T a b l e  1 .  Germinat ion c a p a c i t y  (GC) and peak v a l u e  (PV) of s e e d s  from f i v e  s o u t h e r n  p i n e  s p e c i e s  
p l a n t e d  in bare s o i l  o r  covered w i t h  one of two mulches .  

---- 
SHORTLEb_EL_ SLASH LONGLEAF Tu"W1Ti": LOBLOLLU 

T r e a t m e n t  2" 1 plJ-' GC- CC PV G C PV GG PV GC PV 

Bare S o i l  2  3 0.82 5 4 1,46 48a2' 1.80 13 0.36 3 5 1.01 

Hydromulch 2 0.06 23 0.58 13a 0.35 2 0.07 14 0 .36 

P i n e  S t r a w  10 12.90 2 0 1.35 14 0 .94  4 0 .33 19 1.02 

-- -- 

I /  GC = p e r c e n t  g e r m i n a t i o n  o c c u r r i n g  up t o  t ime  of peak o r  maximum g e r m i n a t i o n .  - 

2/ PV = maximum v a l u e  of cumula t ive  ge rmina t ion  percentage d i v i d e d  by  days o f  t e s t ,  - 

3 /  S i g n i f i e s  s i g n i f i c a n t  d i f f e r e n c e s  a t  0.05 l e v e l  u s i n g  B m f e r r o n i  method of m u l t i p l e  i t e s t .  - 



Seed g e m i n a t i o n  is enhanced by s o i l  tem- 
p e r a t u r e  v a r i a t i o n .  This  has been r e a d i l y  
shown f o r  crop seeds  (Toole,  e t  a 1  1955; 
Thompson 1973, and Toole and Koch 1977) a s  w e l l  
a s  f o r e s t  t r e e  seeds  ( D e v i l l e z  1978). The 
r e s u l t s  repor ted  h e r e  a l s o  support  increased  
germina t ion  due t o  f l u c t u a t i n g  s o i l  temperatures  
a t  t h e  seed l e v e l  even though the  g e m i n a t i o n  
v a l u e s  were r e l a t i v e l y  low f o r  a l l  spec ies .  

P r o t e c t i v e  q u a l i t i e s  of any cover  o r  mulch 
a r e  going t o  a f f e c t  r e s u l t a n t  s o i l  t empera tures ,  
which then  a f f e c t  seed g e r a i n a t i o n .  An i d e a l  
mulch would provide p h y s i c a l  p r o t e c t i o n  a g a i n s t  
wind and water  e r o s i o n  without  i n t e r f e r i n g  with 
seed  germinat ion.  Thermal i n s u l a t i o n  q u a l i t i e s  
of any mulch may c o n t r i b u t e  t o  a decreased 
f i e l d  emergence by not a l lowing  s u f f i c i e n t  s o i l  
t empera ture  f l u c t u a t i o n s .  This  concept i s  
v a l i d ;  however, one must a l s o  recognize  o t h e r  
c o n t r i b u t i n g  f a c t o r s  such a s  phys ica l  and chem- 
i c a l  s o i l  composition, photoperiod requirements ,  
micro-environments, and s o i l  pathogenic 
organisms t h a t  a f f e c t  seed germinat ion and 
s e e d l i n g  emergence. I f  mulch i s  requi red  t o  
d imin ish  seed l o s s  by e r o s i o n ,  then you may 
have t o  dec ide  which is more impor tan t ,  reduced 
l o s s  due t o  e r o s i o n  o r  reduced germinat ion due 
t o  i n s u l a t i o n .  I n  t h i s  case ,  t h e  temperature- 
r e g u l a t i n g  p r o p e r t i e s  may be of l e s s  
s igniEicance.  
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SITE PREPARATION EFFECTS ON SELECTED SOIL PROPERTIES AND 

EARLY LOBLOLLY PINE SEEDLING GROWTHV 

by C.L, T u t t l e ,  M.S. Golden, and R.S. ~ e l d a h l L /  

A b s t r a c t . - - ~ h e a r / b u r n ,  s h e a r f s i n g l e  chop/burn,  and 
~ h e a r / r a k e / ~ i l e / b e d  s i t e  p r e p a r a t i o n  systems a l l  
s i g n i f i c a n t l y  reduced compe t i t ion  and d e b r i s ,  w i t h  t h e  bedded 
t r e a t m e n t  be ing  t h e  most e f f f e c t i v e .  However, a f t e r  two 
y e a r s ,  t h e  shea r fbur r i  and t h e  chopfburn  t r e a t m e n t s  had 
s i g n i f i c a n t l y  h i g h e r  v e g e t a t i o n  l e v e l s  t h a n  d i d  t h e  bedded 
p l o t s .  S o i l  n u t r i e n t  c o n c e n t r a t i o n s  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f o r  t h e  t r e a t m e n t s  a f t e r  two y e a r s  a l t h o u g h  a s  
t r e a t m e n t  i n t e n s i t y  i n c r e a s e d ,  n u t r i e n t  c o n c e n t r a t i o n  tended 
t o  d e c r e a s e .  As expec ted ,  bu lk  d e n s i t y  was lower on t h e  
bedded a r e a s  f o l l o w i n g  t r e a t m e n t  and h i g h e r  on t h e  o t h e r  
a r e a s .  But ,  a f t e r  two s e a s o n s ,  bu lk  d e n s i t i e s  on a l l  t h r e e  
t r e a t m e n t s  were  n e a r  t h e  p r e t r e a t m e n t  l e v e l s ,  w i t h  t h e  bed 
b u l k  d e n s i t y  be ing  s i g n i f i c a n t l y  h i g h e r  t h a n  bu lk  d e n s i t y  on 
t h e  s h e a r f b u r n  o r  t h e  chopfburn  systems.  L o b l o l l y  p i n e  
s e e d l i n g  h e i g h t  and s u r v i v a l  were n o t  s i g n i f i c a n t l y  
i n f l u e n c e d  by t h e  s i t e  p r e p a r a t i o n  systems used.  Ground l i n e  
d i a m e t e r ,  however, was i n c r e a s e d  on t h e  more i n t e n s i v e  
t r e a t m e n t s .  

INTRODUCTION 

Common f o r e s t  p r a c t i c e s  i n v o l v e  c l e a r c u t  
h a r v e s t i n g  fo l lowed  by a r t i f i c i a l  r e g e n e r a t i o n .  
But ,  c l e a r c u t t i n g  l e a v e s  l a r g e  q u a n t i t i e s  of 
r e s i d u e  and d e b r i s  on t h e  s i t e  a s  t o p s ,  stumps, 
and u n d e s i r a b l e  s t a n d i n g  s tems (Siccama e t  a l .  
1970,  Murphy and Knight  1974,  Howard 1978,  Har t  
e t  a l .  1 9 8 0 ,  McNab and S a u c i e r  1980) .  T h i s  
m a t e r i a l  may i n c r e a s e  c o m p e t i t i o n  and reduce  p i n e  
e s t a b l i s h m e n t  because of h i g h e r  s e e d l i n g  
m o r t a l i t y  and reduced growth. 

M e c h a n i c a l  s i t e  p r e p a r a t i o n  i s  used 
p r i m a r i l y  t o  f a c i l i t a t e  p l a n t i n g  o p e r a t i o n s  and 
t o  r e d u c e  compe t i t ion  (DeByle 1976,  Haines  and 
Haines  1 9 7 8 ) .  Debr i s  r e d u c t i o n  r e s u l t s  i n  
i n c r e a s e d  p l a n t i n g  e f f i c i e n c y  and t h u s  lower 
p l a n t i n g  c o s t s .  S i t e  p r e p a r a t i o n  may a l s o  remove 
o r  d e s t r o y  remaining sterns and r o o t s t o c k s ,  
r e d u c i n g  v e g e t a t i v e  c o m p e t i t i o n  f o r  l i g h t ,  

-1-I P a p e r  p r e s e n t e d  a t  Sou the rn  S i l v i c u l t u r a l  
R e s e a r c h  Conference,  A t l a n t a ,  Georg ia ,  November 
7-8, 1 9 8 4 .  a A u t h o r s  a r e  Research A s s o c i a t e ,  A s s o c i a t e  
P r o f e s s o r ,  and A s s i s t a n t  P r o f e s s o r ,  School  of 
F o r e s t r y  and Alabama A g r i c u l t u r a l  Experiment 
S t a t i o n ,  Auburn U n i v e r s i t y ,  Auburn, Alabama, 
r e s p e c t  L v l y  . 

n u t r i e n t s ,  and w a t e r  and i n c r e a s i n g  s e e d l i n g  
s u r v i v a l  and growth,  p a r t i c u l a r l y  d u r i n g  t h e  
e s t a b l i s h m e n t  phase  of r e g e n e r a t i o n  ( C l a s o n  1978 ,  
Gain and Mann 1980) .  

Mechanical s i t e  p r e p a r a t i o n  t y p i c a l l y  u s e s  
l a r g e  heavy machines (over  20,000 kg)  and t h e s e  
may have a d v e r s e  impac t s  on  f o r e s t  l and .  S o i l s  
may become compacted w i t h  b u l k  d e n s i t y  i n c r e a s e s  
o f  25X t o  75%. Reduced s i t e  p r o d u c t i v i t y  o c c u r s  
when i n f i l t r a t i o n ,  s o i l  p o r o s i t y ,  and s o i l  
a e r a t i o n  a r e  reduced by compaction (Hopkins  and 
P a t r i c k  1969,  Shou lde r s  and Ter ry  1978) .  

The most damaging e f f e c t  of mechan ica l  s i t e  
p r e p a r a t i o n ,  however, i s  s u r f a c e  s o i l  d i s t u r b a n c e  
and d i sp lacement ,  Raking and p i l i n g  o p e r a t i o n s  
may p h y s i c a l l y  remove over  8 em of s o i l  f rom t h e  
p l a n t a b l e  a r e a  ( ~ a y  e t  aL. 1973,  G l a s s  1976 ,  
Sarigumba and Anderson 1979) .  Severe  d i s t u r b a n c e  
may a l s o  lead t o  i n c r e a s e d  e r o s i o n  which may 
reduce  growth ( ~ a y  e t  ai, 1973,  G l a s s  1976 ,  Bunt 
and M i l l e r  1976,  Blackburn e t  a l .  1978 ,  Sarigumba 
and Anderson 1979,  Wischmeier and Smith  1978) .  

Mechanical s i t e  p r e p a r a t i o n  e f f e c t s  have  
been w e l l  documented f o r  t h e  Lower C o a s t a l  P l a i n  
and Piedmont r e g i o n s  of t h e  S o u t h e a s t e r n  U n i t e d  
S t a t e s .  However, l a r g e  p o r t i o n s  of t h e  s o u t h e r n  
f o r e s t s  a r e  l o c a t e d  on upland C o a s t a l  P l a i n  s o i l s  
f o r  which t h e r e  i s  l i t t l e  documentat ion* 



This  s tudy  was designed t o  compare t h e  e f f e c t s  of 
t h r e e  mechanical s i t e  p r e p a r a t i o n  systems on 
upland Coas ta l  P l a i n  f o r e s t  s i t e s  i n  Alabama, 

( ~ h u s  sgp.) .  S i t e  3 contained l o b l o l l y  p i n e  
(Pinus taeda  2.1 a s  t h e  primary c o n i f e r ,  whi le  
s i t e s  1 and 2 were dominated by longleaf  p i n e  
(Pinus &fill ,)  p r i o r  t o  h a r v e s t ,  

METHODS 
Sample C o l l e c t i o n  and Analys i s  

On each of t h r e e  H i l l y  Coas ta l  P l a i n  s i t e s ,  
a  randomized complete block des ign  w i t h  t h r e e  
s i t e  p r e p a r a t i o n  systems was i n s t a l l e d  dur ing  
1980 and 1981, The s i t e  p r e p a r a t i o n  systems 
examined were s h e a r l b u r n ,  s h e a r l s i n g l e  choplburn,  
and s h e a r / r a k e / p i l e / b e d .  I n  t h e  
s h e a r f r a k e j p i l e j b e d  system, t h e  beds were placed 
along t h e  contour  fo l lowing  t h e  p i l i n g  
o p e r a t i o n s .  The number of r e p l i c a t i o n s  v a r i e d  
from t h r e e  t o  s i x  per  s i t e ,  depending on t h e  
s u i t a b l e  land a r e a  a v a i l a b l e ,  The s tudy a r e a s  
a r e  owned by Wamermil l  Paper Company. Company 
personne l  app l ied  t h e  t rea tments  i n  an  
o p e r a t i o n a l  manner. We g r a t e f u l l y  acknowledge 
t h e  h e l p  and coopera t ion  of Hamerrnil1 Paper 
Company. 

Study S i t e s  

Study a r e a s  were l o c a t e d  a f t e r  c o m p l e t i ~ n  
of t h e  h a r v e s t i n g  o p e r a t i o n s .  S i t e  1 was loca ted  
i n  f a l l  1980 and f o u r  r e p l i c a t i o n s  were 
e s t a b l i s h e d .  Burning t r e a t m e n t s ,  where 
a p p l i c a b l e ,  were a p p l i e d  dur ing  l a t e  f a l l  
approximately t h r e e  weeks a f t e r  mechanical 
t rea tment .  S i t e  1 s o i l s  a r e  members of t h e  Jones 
sandy loam s e r i e s  (course-loamy , s i l i c e o u s ,  
thermic U l t i c  ~ a p l u d a l f s ) .  S i t e s  2  and 3  were 
l o c a t e d  i n  t h e  s p r i n g  of 1981. Three 
r e p l i c a t i o n s  were placed on s i t e  2  and s i x  on 
s i t e  3  dur ing  t h e  l a t e  spr ing .  Burning of s i t e s  
2  and 3 occurred dur ing  l a t e  May and e a r l y  June 
1981. S i t e  2  s o i l  was a  Smithdale sandy loam 
(fine-loamy, s i l i c e o u s ,  thermic Typic P a l e u d u l t s )  
and s i t e  3 s o i l  a  Shubuta sandy c l a y  loam 
( c l a y e y ,  k a o l i n i t i c ,  thermic Typic ~ a p l u d u l t s )  , 
Slope averaged 11%, 9 % ,  and 7% f o r  s i t e s  1 ,  2 ,  
and 3 ,  r e s p e c t i v e l y .  S i t e  1 was p r i m a r i l y  on a  
sou thern  a s p e c t ,  whi le  t h e  aspec t  on s i t e s  2 and 
3  v a r i e d .  The burning o p e r a t i o n s  on a l l  t h r e e  
s i t e s  were very  s u c c e s s f u l .  Treatment a r e a  s i z e  
v a r i e d ,  but a f t e r  t rea tment  a p p l i c a t i o n  20 X 20 m 
measurement p l o t s  were i n s t a l l e d  wi th  minimum 10 
m b u f f e r  s t r i p s  on each s i d e .  S o i l  and 
v e g e t a t i o n  sarnples were c o l l e c t e d  a f t e r  t h e  
conc lus ion  of t h e  h a r v e s t i n g  o p e r a t i o n s  p r i o r  t o  
s i t e  p r e p a r a t i o n ,  a f t e r  t h e  s i t e  p r e p a r a t i o n  
systems were a p p l i e d ,  and a t  t h e  end of each of 
t h e  f i r s t  two growing seasons.  

Woody v e g e t a t i o n  l o c a t e d  on a11 t h r e e  s i t e s  
p r i o r  t o  s i t e  p r e p a r a t i o n  was s i m i l a r  i n  n a t u r e ,  
The predominant hardwood s p e c i e s  included dogwood 
(Cornus f l o r i d a  L . ) ,  persimmon (Diospyros 
v i r g i n i a n a  L.),  s a s s a f r a s  ( S a s s a f r a s  albidum 
Nutt . ) , sweetgum ( ~ i q u i d a m b a r  s t y r a c i f  l u a  L. 1, 
blackgum (Nyssa s y l v a t i c a  Marsh.), oaks (Quercus 
spp. 1, h i c k o r i e s  (Carya spp. 1, spark leber ry  
(Vaccinium arboreum Marsh.), and sumac 

Debris  and woody stems g r e a t e r  than  10 cm i n  
DBW (diameter  b r e a s t  high)  on t h e  s tudy s i t e s  
were measured p r i o r  t o  s i t e  p r e p a r a t i o n  u s i n g  
f o u r  3 ,6  n c i r c u l a r  p l o t s .  A f t e r  s i t e  
p r e p a r a t i o n ,  woody s t e a s  over 10 cm DBH and a l l  
t o p s ,  logs ,  and stumps were counted on t h e  
complete 20 X 20 m measurement p l o t .  Herbaceous 
compet i t ion ,  l i t t e r  cover ,  d e b r i s ,  v i n e s ,  and 
woody stems l e s s  than  10 cm DBW were eva lua ted  
us ing  e i g h t  2.3 X 2,3 m quadra t s  on each 
measurement a r e a  a t  a l l  four  sampling t imes.  
Herbaceous cover ,  v i n e  cover ,  and smal l  d e b r i s  
were expressed a s  percen t  ground cover ,  w h i l e  
woody stems, stumps, logs ,  and t o p s  were t a l l i e d  
i n d i v i d u a l l y .  Sampled v a l u e s  were then  expanded 
t o  a  per  h e c t a r e  b a s i s .  

Bulk d e n s i t y  e s t i m a t e s  were ob ta ined  f o r  t h e  
s u r f a c e  s o i l  by us ing  a  7.62 cm diameter  r i n g ,  
7.62 cm long,  r e s u l t i n g  i n  a  core  volume of 347.5 
cc  c lake 1965, Terry e t  a l .  1980).  F i v e  c o r e s  
were c o l l e c t e d  from each measurement p l o t  a t  each 
sampling t ime and averaged t o  o b t a i n  p l o t  bu lk  
d e n s i t y ,  These c o r e s  were randomly l o c a t e d  on 
t h e  s h e a r l b u r n  and t h e  shearlchoplburn systems. 
On t h e  bedded p l o t s ,  t h e  cores  were c o l l e c t e d  
from random placement along t h e  upper s i d e  s l o p e  
of t h e  bed (Ter ry  e t  a l .  1980).  

S o i l  samples f o r  n u t r i e n t  de te rmina t ions  
were c o l l e c t e d  from t h r e e  randomly loca ted  p o i n t s  
per  p l o t .  Four 7.62 cm long,  7.62 cm d iameter  
success ive  dep th  increments  were c o l l e c t e d  a t  
each p o i n t  g i v i n g  a  t o t a l  sampling dep th  of 30.48 
cm. C o l l e c t i o n  of incremental  s o i l  samples was 
accomplished us ing  a  p o r t a b l e  sample c o r e  tube  
( ~ u t t l e  e t  a l .  I n  p r e s s ) .  The upper 30.48 cm 
s o i l  zone was chosen f o r  a n a l y s i s  a s  i t  
r e p r e s e n t s  t h e  major r o o t i n g  zone of young 
s e e d l i n g s  and s u p p l i e s  most of t h e  n u t r i e n t s  and 
water  used i n  es tab l i shment  and e a r l y  growth 
 rouse and Humbert 1961, Hopkins and P a t r i c k  
1969, Newman and Andrews 1973, Haines and Haines 
1978, Mye 1961).  Soif displacement  was o c u l a r l y  
es t imated  dur ing  and a f t e r  s i t e  p r e p a r a t i o n  
t rea tments ,  Also, t h e  degree  of e r o s i o n  was 
o c u l a r l y  es t imated  a s  t h e  percentage of t h e  s tudy 
p l o t  a f f e c t e d  a t  each sampling time. 

S o i l  Ana lys i s  Methods 

S o i l  samples were a i r - d r i e d  and passed 
through a  2 mm s i e v e  sc reen  i n  p r e p a r a t i o n  f o r  
a n a l y s i s  (Jackson 1958). S o i l  o rgan ic  m a t t e r  
con ten t  was es t imated  by t h e  Walkley-Black wet 
d i g e s t i o n  procedure ( ~ a c k s o n  1958, A l l i s o n  1965).  
S o i l  P  was e x t r a c t e d  us ing  a  d i l u t e  f l u o r i c  a c i d  
s o l u t i o n  and determined us ing  t h e  



ck l~ ros t annous - r educed  molybdophosphori_c b lue  
c o l m r  method i n  a  hydrochlor ic  a c id  system 
( J a c k s o n  1958) and Ca, Mg, K ,  and Mn were 
e x t r a c t e d  wi th  1 M amonium a c e t a t e  ad jus ted  t o  
pW 7 .0 and determined us ing  atomic absorp t ion  
spee t rcphotometery  (Chapman 19651, Stront ium 
c h l o r i d e  was added t o  t h e  sample d i l u t i o n s  t o  
r e d u c e  i n t e r f e r ence  during Ca and Mg 
de t e rmina t i ons   avid 1960). S o i l  pH was 
de te rmined  us ing  a 1:1 soi1:water  mix (Adams and 
Evan s 1962, Peech 1965). Nitrogen content  of t h e  
s o i l  was de t emined  by block d ige s t i on  and 
c o l o  r i rne t r ic  assay (Nelson and S o m e r s  1972, 
Gata ldo e t  a l .  1974, I s aac  and Johnson 1976, 
Eas t  i n  19771, 

Seedling P l an t i ng  and Heasurement 

Seedlings were p lan ted  on t h e  t h r e e  s tudy 
s i t e s  during t h e  w in t e r  fo l lowing  a p p l i c a t i o n  of 
t h e  a p p r o p r i a t e  s i t e  p r epa ra t i on  system. 
SeedZings were grown i n  Hamerrnil1 Paper 
Company's nursery and were p lan ted  a t  a  nominal 
s p a c i n g  of 1.8 X 2.4 m. Seedlings p lan ted  were 
1-0 improved s tock  and were hand p lan ted  by 
company crews us ing  d ibb l e s ,  

Shor t ly  a f t e r  p l an t i ng ,  the  number of 
s e e d l i n g s  p lan ted  and t h e  t o t a l  he igh t  of each 
s e e d l i n g  were recorded on each measurement p l o t ,  
A f t e r  the  f i r s t  and second growing seasons,  t o t a l  
h e i g h t  and s u r v i v a l  were aga in  recorded,  Also, 
a f t e r  the  second growing season,  ground l i n e  
d i a m e t e r  (GLD) was measured. 

Data were analyzed us ing  Analysis  of 
Va r i ance ,  General Linear  Models, and Duncan's 
M u l t i p l e  Range Tes ts .  These procedures a r e  p a r t  
of t h e  SAS I n s t i t u t e ' s  program package (Freund 
and L i t t e l l  1982). 

RESULTS AND DISCUSSION 

Pr ior  t o  bedding, 2 t o  4 cm of su r f ace  s o i l  
were pushed i n t o  windrows during p i l i n g  
o p e r a t i o n s .  This  i s  l e s s  than  t h a t  commonly 
r e p o r t e d  f o r  rak ing  and p i l i n g  opera t ions  (&fay e t  
a l .  1 9 7 3 ,  Glass 1976, Blackburn e t  a l .  19781, 
ApplFca t ion  of t h e  shear fburn  and t h e  chopfburn 
sy s t ems  r e s u l t e d  i n  l i t t l e  observable s o i l  l o s s ,  
A f t e r  observing a l l  t h r e e  s i t e  p repara t ion  
sy s t ems  used, we f e l t  i t  would be d i f f i c u l t  t o  
o p e r a t i o n a l l y  apply t he se  s i t e  p r epa ra t i on  
s y s t e m s  on t he se  s i t e s  w i th  l e s s  t o p s o i l  
d i s t u r b a n c e  and displacement .  Thus t he se  
a p p l i c a t i o n s  r ep r e sen t  c a r e f u l ,  s k i l l f u l l y  
a p p l i e d  mechanical s i t e  p r epa ra t i on  t rea tments ,  
not  p o o r l y  appl ied  ones. 

A11 t h r e e  s i t e  p r epa ra t i on  systems 
s i g n i f i c a n t l y  reduced logging r e s idue  and d e b r i s  
(Tabl  e 1 ) .  The number of stumps, logs ,  and stems 
were reduced  up t o  90%. Pretreatment  sarnples 
showed most of t h e  d e b r i s  and dead r e s idue  was 
from h a r v e s t i n g  of t h e  l o b l o l l y  or  longfeaf  p ine  

t imber,  However, s tanding stems were p r ima r i l y  
low va lue  hardwoods ( i , e ,  oaks,  sweetgum, 
dogwood, and blackgum) and snrall, poor q u a l t i t y  
pine stems, Af t e r  the  s i t e  p r epa ra t i on  s y s t m s  
were app l i ed ,  over 80% of t he  r m a i n i n g  r e s idue  
and d e b r i s  and over 955 of t h e  s tanding  sterns 
were hardwood, 

The t h r e e  systems a l l  g r e a t l y  reduced woody 
stems (Table 11, As expected, the  more i n t e n s i v e  
chopfburn and bed systems had fewer r m a i n i n g  
stems than  d id  t h e  shear lburn  system. Some of 
t he  smal le r  stems were only pushed over  by t h e  
shear fburn  system and s t r a i gh t ened  up a f t e r  
t reatment .  By t h e  second season, competing woody 
stems on t h e  shear fburn  and t h e  chop/burn systems 
were twice t h a t  on t h e  bedded t rea tment  (Table 
2) .  The rak ing  and p i l i n g  s t e p s  of t h e  bed 
system rmoved many root  s tocks  and seeds  which 
produce competing vege ta t ion .  Chopfburn p l o t s  
had t h e  h ighes t  number of woody stems a f t e r  two 
growing seasons,  a l though not  s i g n i f i c a n t l y  more 
than  t h e  shear lburn  t rea tment ,  Shearing a c t i o n  
severed s tanding  stems, producing stumps which 
o f t e n  sprouted and t h e  drum chopper c u t  t h e  
sheared stems and roo t  s tocks  i n t o  segments, 
i nc r ea s ing  t h e  number of sprout ing  p o i n t s .  

A l l  t r ea tments  s i g n i f i c a n t l y  a l t e r e d  t h e  
s o i l  su r f ace  covering. Following s i t e  
p r epa ra t i on ,  a11 t h r e e  systems had reduced t h e  
quan t i t y  of l i t t e r ,  small deb r i s ,  and v i n e s  on 
t h e  s o l 1  su r f ace  (Tables 1 and 2) .  L i t t e r  
concent ra t ion  continued t o  decrease on t h e  
shear lburn  and t h e  chopfburn systems, whi le  v i n e  
cover and t h e  number of stems both i nc r ea sed  
through t h e  study. On t he se  p l o t s  s u r f a c e  l i t t e r  
was p a r t i a l l y  removed during t rea tment  and much 
of t h e  remaining l i t t e r  r ap id ly  decomposed. 
Since t h e r e  was l i t t l e  l i v i n g  woody v e g e t a t i o n  on 
t h e  s i t e s  fol lowing s i t e  p r epa ra t i on  and 
p l an t i ng ,  t he  l i t t e r  l o s t  could not  be qu ick ly  
replaced.  The bed system had an extremely low 
l i t t e r  cover a f t e r  s i t e  p repara t ion ,  However, 
l i t t e r  cover increased t o  21% a f t e r  one season a s  
t h e  loose  s o i l  of t h e  beds s e t t l e d ,  exposing 
organic  m a t e r i a l  incorporated i n  t h e  beds. 
Between t h e  f i r s t  and second growing seasons ,  
l i t t e r  cover on t h e  bedded p l o t s  decreased aga in  
due t o  organic  mat te r  decomposition. 

A s  t h e  s i t e  p repara t ion  systems reduced t h e  
quan t i t y  of d e b r i s ,  l i t t e r ,  and v ine  cover  on a  
s i t e ,  t h e  amount of bare  s o i l  increased  (Table 
2 ) .  Bare s o i l  on a l l  t h r e e  systems i nc r ea sed  due 
t o  t rea tment .  A s  expected,  t he  bedding s y s t m  
produced t h e  most bare  s o i l  (92.2%). Raking and 
p i l i n g  removed most of t h e  sur face  cover  and t h e  
bed formation then continued t o  f u r t h e r  reduce 
su r f ace  cover. During t h e  f i r s t  two seasons ,  
bare  s o i l  on t h e  bedded a r ea s  dropped 40% t o  50% 
a s  vege t a t i on  began t o  become e s t ab l i shed .  The 
shear fburn  and t h e  choplburn systems both  
increased  bare  s o i l  20% t o  25% during t rea tment  
app l i c a t i on .  These two systems had only  s l i g h t  
decreases  i n  t h e  quan t i t y  of bare  s o i l  dur ing  t h e  
f i r s t  two growing seasons. 



Table  1,--Quantity of s tems,  stumps, l o g s ,  t o p s ,  and s m a l l  d e b r i s  f o r  t h e  t h r e e  s i t e  
p r e p a r a t i o n  t r e a t m e n t s  b e f o r e  and a f t e r  s i t e  p r e p a r a t i o n .  Means w i t h i n  a t ime w i t h  
t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l .  

S i t e  T o t a l  T o t a l  T o t a l  T o t a l  
Time P r e p a r a t i o n  S tand ing  Number Number Number Small 

Treatment S t  ems Stumps Logs Togs Debr i s  

- - - - - - - - - - p e r h a - - - - - - - - -  % cover  

Shear /  burn  9,077 A 1 ,215  A 874 A 332 A 16.5 A 
P r e t r e a t m e n t  Chopjburn 8 ,982 A 1,158 A 390 A 201 AB 12.2 A 

Bed 8,057 A 1 ,332  A 613 A 161 B 11.2 A 

Shear/  burn  1 ,072 A 259 A 156 A 4 A 8.4 A 
P o s t  Treatment Choplburn 116 B 228 A 112 AB 2 A 7.3 A 

Bed 445 B 118 A 47 B 0 A 2.5 B 

Tab le  2. E f f e c t  of s i t e  p r e p a r a t i o n  t r e a t m e n t  on t h e  t o t a l  number of hardwood s tems and on 
l i t t e r ,  v i n e s ,  and b a r e  s o i l  cover  a t  each of t h e  f o u r  sampling t imes ,  Means a t  a t ime 
w i t h  t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l .  

S i t e  Number 
Time P r e p a r a t i o n  L i t t e r  Vines Bare Hardwood 

Treatment S o i l  Stems 

- - - - - - - - % - - - - - -  per  ha 

S h e a r l b u r n  79.9 A 9.2 A 8.0 A 7,975 A 
P r e t r e a t m e n t  Chop/burn 76.2 A 10.5 A 9.1 A 8,073 A 

Bed 78.4 A 7.8 A 5.4 A 6,789 A 

Shear/  burn  55.2 A 0.2 A 33.5 B 1 ,072 A 
P o s t  Treatment Choplburn 57.2 A 0.1 A 32.2 B 116 B 

I3 ed 6.5 B 0.2 A 92.2 A 445 B 

Shear lburn  4 5 - 3  A 11.3 A 30.0 B 18,825 A 
1 Season Choplburn 4 4 - 5  A 9.7 A 34.0 B 21,074 A 

Bed 21.2 B 16.2 A 61.1 A 10,433 B 

Shear /  burn  32.2 A 14 ,2  AB 25.0 B 27,165 A 
2 Seasons Chop / b u r n  36.1 A 16.2 A 25.2 B 28,304 A 

Bed 16.3 B 8.1 B 56.6 A 14,056 B 



O n e  major concern regarding i n t e n s i v e  s i t e  
preparadrion i s  t h a t  t h e  bar ing  of t h e  s o i l  
su r f ace  may de t r imen t a l l y  a f f e c t  a  f o r e s t  s i t e .  
Removal of t h e  l i t t e r  l aye r  opens t h e  s o i l  up t o  
d i r e c t  s r a i n f a l l  impact, which can de s t roy  su r f ace  
s o i l  s t r u c t u r e  by reducing p a r t i c l e  aggregat ion.  
This  t e a d s  t o  i nc r ea se  e ros ion  l o s s e s  s i nce  
smal le r  p a r t i c l e s  a r e  more su scep t i b l e  t o  e ro s ion  
(Wischnzeier 1962, Farmer and Van Haveren 197 1 )  . 
These s m a l l  p a r t i c l e s  may a l s o  f i l t e r  i n t o  
su r f ace  pores and reduce i n f i l t r a t i o n  and 
a e r a t i o a .  However, a f t e r  two growing seasons,  
l e s s  t h a n  5% of t h e  s tudy a r e a  had evidence of 
e ro s ion .  Some small  r i l l s  and s l i g h t  shee t  
e r o s i o n  occurred on t h e  t rea tments .  The bedded 
p l o t s  h a d  more r i l l s  (32 t o  5% of t h e  a r ea )  than  
t h e  s h e a r f b u r n  o r  t h e  choplburn a reas .  Less than  
2% of t h e  shear lburn  o r  t he  chop/burn t reatment  
a r e a  w a s  found t o  be eroding a f t e r  two seasons. 
Eros ion  on t h e  s i t e s  examined was found t o  be 
minor, b u t  s c a t t e r e d  small  a r ea s  wi th  more severe  
e r o s i o n  problems were observed ou t s i de  of t h e  
s tudy p l o t s .  

S i t e  Prepara t ion  E f f e c t s  on S o i l  Nut r ien ts  

S i  t e  p repara t ion  system had no s i g n i f i c a n t  
e f f e c t  on s o i l  n u t r i e n t  concent ra t ions  i n  t h e  
upper 3 0.48 cm af t e r  two seasons  able 3 ) .  As 
t r e a t m e n t  i n t e n s i t y  increased ,  n u t r i e n t  
c o n c e n t r a t i o n  tended t o  decrease.  The bed system 
( t h e  m o s t  i n t ense )  had t h e  lowest n u t r i e n t  
c onc en t r a t i ons .  The t rend  of decreas ing  n u t r i e n t  
c o n c e n t r a t i o n  a s  s i t e  p r epa ra t i on  i n t e n s i t y  
i n c r e a s e d  was apparen t ly  due t o  s o i l  d i s turbance  
and d isp lacement .  However, s o i l  o rganic  mat te r  
c on t en t  was increased  a s  s i t e  p r epa ra t i on  
i n t e n s i t y  increased.  The choplburn and bed 
sys tems  incorporated po r t i ons  of t h e  l i t t e r  l aye r  
i n t o  t h e  upper s o i l ,  thus i nc r ea s ing  t h e  organic  
f r a c t i o n .  This  e x t r a  organic  ma t t e r ,  much of 
which may r e s i s t  r ap id  decomposition, w i l l  slowly 
supply some n u t r i e n t s  a s  i t  i s  broken down over 
t h e  n e x t  s eve ra l  years .  

Treatment E f f ec t s  on Surface Bulk Dens i ty  

S i t e  p r epa ra t i on  system inf luenced  s o i l  bulk 
dens i t y  a t  a l l  sampling times (Table 4 ) .  P r i o r  
t o  t rea tment ,  no d i f f e r ences  were found, bu t  
through t h e  f i r s t  two seasons,  s o i l  bu lk  d e n s i t y  
changed s i g n i f i c a n t l y .  The shear fburn  and t h e  
choplburn systems compacted t h e  s o i l  du r ing  s i t e  
p repara t ion ,  but  a s  time passed bulk d e n s i t y  
decreased a s  p l an t  r o o t s  grew through t h e  
compacted l a y e r s ,  Af te r  one year ,  bulk d e n s i t y  
on both t he se  t rea tments  was near  t h e  
pretreatment  l e v e l s  wi th  f u r t h e r  r educ t i ons  
during t h e  second year .  Bulk dens i t y  on t h e  
bedded p l o t s  decreased a f t e r  s i t e  p r epa ra t i on  due 
t o  t h e  bed formation,  The bedding harrows d i s k  
t h e  sur face  s o i l  a s  i t  i s  formed i n t o  beds ,  thus  
loosening t h e  s o i l .  However, during t h e  
fol lowing two seasons,  t he se  beds s e t t l e d ,  
r e s u l t i n g  i n  bulk dens i t y  i nc r ea se s  t o  
approximately pre-treatment l e v e l s .  Bed s e t t l i n g  
i s  though t t o  be caused by ra indrop  impact 
des t roy ing  s o i l  s t r u c t u r e .  

At no time during t he  s tudy period d i d  s o i l  
bulk dens i t y  become an obvious de t r imen t a l  
f a c t o r .  The bulk d e n s i t i e s  found were a l l  w e l l  
below l e v e l s  (approximately 1.4 g /cc  f o r  t he se  
s o i l  t e x t u r e s )  which repor ted ly  reduce p ine  
seed l ing  growth and su rv iva l   itchel ell 1979, 
Halverson and Zisa  1982). 

S i t e  P r epa ra t i on  E f f ec t s  on Loblo l ly  P ine  
Seedlings 

S i t e  p r epa ra t i on  system had no s i g n i f i c a n t  
e f f e c t  on l o b l o l l y  p ine  seed l ing  t o t a l  he igh t  a t  
any sampling time, but  a f t e r  two seasons t h e  more 
i n t ens ive  t rea tments  tended t o  have s l i g h t l y  
t a l l e r  seed l ings  (Table 5 ) .  As w i th  t o t a l  
he igh t ,  seed l ing  su rv iva l  was not  s i g n i f i c a n t l y  
a f f e c t e d  but t h e  more i n t e n s i v e  t rea tments  had 
s l i g h t l y  higher  su rv iva l  percentages.  

T a b l e  3.--Effect of s i t e  p r epa ra t i on  t reatment  on a v a i l a b l e  s o i l  n u t r i e n t  concent ra t ion ,  
organic ma t t e r ,  and pH i n  t h e  upper 30.48 cm of t h e  s o i l  a t  t h e  end of t h e  second growing 
season. Means w i th  t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 leve l .  

S i t e  S o i l  Nu t r i en t s  S o i l  
Prepara t ion  C a Mg K Mn P  N Organic pH 
Treatment Matter 

Shear/ burn 1631.7 A 303.0 A 180.9 A 199.8 A. 6.4 A 2212.8 A 1 - 0 3  B 4.3 AB 

Bed 1554.5 A 284.1 A 164.2 A 189.2 A 4.1 A 2020.4 A 1.28 A 4.2 B 



Table 4.--Site p r e p a r a t i o n  t reatment  e f f e c t s  on 
s u r f a c e  s o i l  bulk d e n s i t y  a t  each sampling 
t ime,  Means w i t h i n  a  t ime wi th  t h e  same l e t t e r  
a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 
l e v e l .  

Time 
S i t e  

P r e p a r a t i o n  
Treatment 

S o i l  
Bulk 

Density 

~ h e a r l b u r n  1.19 A 
Pre t rea tment  Chop/ burn 1.18 A 

Bed 1.21 A 

Shear lburn  
Post  Treatment Choplburn 

Bed 

1 Season 
~ h e a r l b u r n  1.23 A 
Chop/ burn 1.18 B 

Bed 1.21 AB 

Seedl ing  GLD was t h e  only s e e d l i n g  measure 
s i g n i f i c a n t l y  a f f e c t e d  by s i t e  p r e p a r a t i o n  
system. The bed system had l a r g e r  d iameters  t h a n  
t h e  choplburn o r  t h e  sh  e a r l b u r n  t r e a t m e n t s ,  
Cornpetition l e v e l s  on bo th  t h e  choplburn and t h e  
bed systems were lower than t h e  l e v e l  on t h e  
s h e a r l b u r n  system i m e d i a t e f y  a f t e r  t rea tment  
a p p l i c a t i o n  (Tables  1 and 2). However, dur ing  
t h e  l a t t e r  p o r t i o n  of t h e  f i r s t  and a l l  of t h e  
second season,  t h e  choplburn system compet i t ion  
l e v e l s  increased  d r a m a t i c a l l y  a s  stumps and r o o t s  
sprou ted  (Table 21, The bedded p l o t s ,  from which 
most of t h e  hardwood stumps and r o o t s  were 
reaoved,  cont inued t o  have lower compet i t ion  
l e v e l s .  Th is  a f forded  s e e d l i n g s  on beds more 
a v a i l a b l e  mois ture  and n u t r i e n t s  and r e s u l t e d  i n  
s l i g h t l y  g r e a t e r  h e i g h t  and diameter  growth and 
lower m o r t a l i t y  ( p a r t i c u l a r l y  dur ing  t h e  second 
y e a r ) .  

At t h i s  e a r l y  age,  e v a l u a t i o n  of s e e d l i n g  
h e i g h t s  and d iameters  i s  not n e c e s s a r i l y  
i n d i c a t i v e  of f u t u r e  growth o r  volume. Young 
s e e d l i n g s  a r e  h i g h l y  s u s c e p t i b l e  t o  damage from 
i n s e c t s  and w i l d l i f e ,  which may s i g n i f i c a n t l y  
a f f e c t  o r  a l t e r  h e i g h t ,  making e a r l y  growth 
measurements weak long term growth p r e d i c t o r s .  

CONCLUSIONS 

Shear/burn 1.14 B 
2  Seasons chop/ burn 1.12 B 

Bed 1.24 A 

The t h r e e  s i t e  p r e p a r a t i o n  systems s t u d i e d  
a l l  accomplished t h e i r  two primary o b j e c t i v e s  of 
s i g n i f i c a n t l y  reduc t ing  d e b r i s  and r e s i d u e  
al lowing e a s i e r  and f a s t e r  p l a n t i n g  o p e r a t i o n s  
and of reducing compet i t ion  l e v e l s .  However, 

Table 5.--Treatment e f f e c t  on t o t a l  s e e d l i n g  h e i g h t ,  s u r v i v a l  and ground l i n e  
diameter  (GLD) a t  each sampling time. Means w i t h i n  a  time w i t h  t h e  same 
l e t t e r  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l .  

S i t e  T o t a l  Mean 
Time Prepara t ion  Seed1 ing Seed l ing  Seedl ing 

Treatment Height Surv iva l  GLD 

Shearlburn 13.6 A ---- ----- 
P l a n t i n g  Chop/ burn 14.1 A ---- ----- 

Bed 13.2 A ---- ----- 

Shear/ burn 32'3 A 85.0 A ----- 
1 Season Choplburn 32.5 A 89.1 A ----- 

Bed 30.8 A 87.0 A ----- 

Shearlburn 68.6 A 83.1 A 0.98 B 
2  Seasons Choplburn 70.6 A 85.7 A 1.07 B 

Bed 69.9 A 85.3 A 1.27 A 



a l t h o u g h  not  s i g n i f i c a n t l y  d i f f e r e n t ,  a f t e r  two 
ye a r s ,  a s  s i t e  p repara t ion  i n t e n s i t y  increased 
nu t r i en t ;  concent ra t ions  tended t o  decrease,  The 
more intzensive t rea tments  had more s o i l  
d i s t u r b a n c e  and l o s s ,  thus reducing n u t r i e n t  
c onc e n t r a t i on .  Bulk dens i t y  on t h e  t he  
s h e a r f b a r n  and chopfburn systems increased  during 
t r e a t m e n t  app l i c a t i on  and then  decreased over  two 
years ,  w h i l e  t h e  bed system decreased when t h e  
beds w e r e  formed and then increased  as t h e  beds 
s e t t l e d ,  Seedling he igh t  and su rv iva l  were not  
i n f l u e n c e d  by s i t e  p r epa ra t i on  used, but  GLD was 
l a r g e r  on  the  more i n t ens ive  t rea tments .  

P r o p e r l y  appl ied  mechanical s i t e  p repara t ion  
r e s u l t e d  i n  l i t t l e  s o i l  l o s s  on upland a r ea s  i n  
t h e  H i l l y  Coastal  P la in .  The key i n  l i m i t i n g  
s o i l  problems,  even on upland s lopes ,  i s  t o  have 
proper a p p l i c a t i o n  techniques.  The use  of beds 
i n  up l and  s i t u a t i o n s  may prove b e n e f i c i a l  i n  t h a t  
they may improve s o i l  mois ture ,  p a r t i c u l a r l y  on 
south  f a c i n g  s lopes ,  r e s u l t i n g  i n  b e t t e r  moisture 
r e l a t i o n s  and thus seed l ing  growth. Few 
s i g n i f i c a n t  growth t r ends  were observed during 
t h e  f i r s t  two growing seasons. However, t h e  f u l l  
e f f e c t  o f  these  t r ends  and of s i t e  p repara t ion  
cannot b e  evaluated u n t i l  much l a t e r  i n  t h e  
r o t a t i o n .  
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THE EFFECTS OF THREE LEVELS OF SITE PREPARATION ON PLPdVTED 
SWWP CHESTNUT OAK ON A POORLY DRAINED SITEJJ 

J. R. Sei f e r t ,  P. E. Pope, and 8. C. ~ i s c h e r ~  

Abstract  ,--Swamp chestnut oak (1-0 bare r o o t  seed1 i ngs 1 
were p lan ted  on a poor ly  d ra i  ned, upland f l a t  s i t e  f o l  lowing 
t h ree  l e v e l s  of s i t e  p repara t ion  - c o n t r o l  P d i s k i n g  and 
d i  s k i  ng-bedding. Five-year seed1 i ng su rv i va l  and t o t a l  t r e e  
he igh t  were no t  s i g n i f i c a n t l y  a f fec ted  by s i t e  preparat ion.  
Fourth and f i f t h  year he igh t  growth incranent  and diameter 
growth were s i g n i f i c a n t l y  increased by e i t h e r  method o f  s i t e  
preparat ion.  P1 a n t i  ng swamp chestnut oak i n southeastern 
Indiana may be a f e a s i b l e  land use a l t e r n a t i v e  on poor ly  
d ra i  ned up1 and s i t es ,  

INTRODUCrr ION 

I n  t he  Centra l  States, many acres of poor ly  
dra ined upland and bottomland fo res t s  are being 
ha rves ted  o f  h igh  q u a l i t y  oak sawlogs and l e f t  t o  
natu r a t  1 y regenerate. The natura l  regenerat i  on i s 
usua l l y  o f  lower-valued nonoak species such as 
s i l v e r  (hcer saccharinum L. ) and red  (A, rubrum 
b. map7 O, sweetgum (Liuuidambar W a c i  f l u 3  h. , 

L- wood 
1 ? 

Ulmus and 
ashes (.F rax inus  =I (Garret t ,  1982 1. A r t i f i c i a l  
r egene ra t i  on o f  wet -s i te  oak species i s  c u r r e n t l y  
r a r e l y  attempted. 

I n  t h e  Centra l  States most s tud ies  on oak 
p l  a n t i  ng  have concerned up1 and oaks no t  wet-si t e  
oaks, S tud ies  have l e d  t o  t h e  general conclusion 
t h a t  oak p lan t i ngs  w i l l  grow s lowly (Johnson, 
19791, a l though Johnson (1984) i nd i ca tes  sane 
success w i t h  underpl a n t i  ng northern red  oak 
( r u b r a  L.) i n  Missour i ,  

There  i s  l i m i t e d  d e t a i l e d  in fo rmat ion  on t h e  
s u r v i v a l  and growth o f  p re fe r red  wet -s i te  oaks, 
Successfu l  a r t 1  f i c i a l  regenerat i  on research on 
wet-si t e  hardwoods has rev01 ved around sweetgum, 
green ash ( B. ) , cottonwood 
and n u t t a l l  because o f  these 
species h i g h  woody biomass y i e l d s  fGilmore and 
Ro l fe r  19841, Johnson and K r i na rd  (1983) found 
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good e a r l y  growth and su rv i va l  f o r  Shumard (Q. 
&&-&I, swamp chestnut (8, 

d water (Q. L.1 oaks p lan ted  i n  
small f o res t  openings, However, a f t e r  22 years 
p1 anted ye1 1 ow-pop1 a r  ( b e  ) 
averaged 70 f e e t  t a l l  , wh i l e  f i v e  oak species and 
sweetgum each averaged l ess  than 30 fee t ,  
Suppression by the  faster-growing ye1 low-pop1 a r  
r esu l t ed  i n  reduced he igh t  and s u r v i v a l  f o r  a1 1 
other species. Swamp chestnut oak had b e t t e r  
su rv i va l  and t h e  second l a r g e s t  i n d i v i d u a l  t r e e  
he igh ts  outgrowing water, Shumard, cherrybark and 
southern red oak, Franc is  (1983) su 
p lan ted  cherrybark (Q, f a l c a t 8  w. 
U . 1  and Shumard oaks on eroded r idges. A f t e r  20 
years he igh t  averaged 40 f e e t  and diameters 
averaged fou r  t o  f i v e  inches. 

The ob jec t i ve  o f  t h i s  study was t o  eva lua te  
t he  e f f e c t  o f  s i t e  p repara t ion  on s u r v i v a l  and 
growth o f  p lan ted  swamp chestnut oak, 

MATERIALS AND METHODS 

The p l a n t i n g  s i t e  was a f l a t ,  poo r l y  dra ined 
Avonburg-Cl ermont so i  1 (Aer i c  Fragiaqual f s r  
f i n e - s l l t y  mixed mesic) which had been grazed 
p r i o r  t o  t h e  establ ishment o f  t h e  study, The 
associ a t i  on was formed i n 1 oess under1 y i n g  gl a c i  a1 
till, Depth t o  a f rag ipan va r i es  from 30 t o  40 
inches and t h e  seasonal water t a b l e  va r i es  from 
one t o  t h ree  feet .  The s o i l  i s  s t rong l y  ac id i c .  

The s i t e  index (base age 50 years) i s  80 - 90 
f e e t  f o r  mixed hardwoods (Soi 1 Conservati  on 
Service, 1976). Using t h e  s i t e  q u a l i t y  r a t i n g  
system o f  Baker and Braadfoot (1979) t h e  s i t e  has 
a q u a l i t y  r a t i n g  o f  70 f e e t  f o r  swamp chestnut  
oak. 



Experimental DesS gn and Treatments 

S i t e  p repara t ion  t rea tments  were con t ro l ,  
disk, and d i sk  and bed, D i s k i n g  was done w i t h  a 
staanard aagricu7tural farm d isk ,  Bedding was 
accomplished w i t h  a moldboard two-bottm plow, 
The bed was formed by p lowing i n  one d i r e c t i o n  and 
revers ing  t h e  d i  r e c t i  on of p l  owi ng t o  concentrate 
t he  s o i l  a long a center  r idge,  Thi s produced an 
e leva ted  bed which was approximately 30  cm above 
t h e  s o i l  sur face w i t h  drainage zlong each s ide ,  
S i t e  p repara t i  on t reatments were appl ied i n  t he  
summer o f  1979 and again ( d i s k i n g  on ly )  i n  t h e  
sp r i ng  o f  1980, 

Wi th i  n each t reatment f ou r  random1 y se lec ted  
p l o t s  were measured, Each p l o t  contained t h i r t y  
seed1 i ngs. Seed1 i ngs were measured f o r  t o t a l  
height, seed l ing  diameter a t  t e n  cm above the  
ground and su rv i va l ,  Data were tes ted  by ana lys is  
o f  var iance (ANOVA) and t h e  var iab les  found 
s i g n i f  f can t  were subjected t o  Duncan" new 
m u l t i p l e  range t e s t  a t  t he  0.05 l e ve l .  

Seed Source and Spacing 

Swamp chestnut oak seed was co l l ec ted  w i t h i n  
a ten  m i l e  rad ius  o f  t he  p l a n t i n g  s4te and grown 
a t  t h e  Indiana s t a t e  nursery a t  Va?loniap I ndiana. 
The seedl ings were grown f o r  one year (1-0). 
Dormant seedl i ngs were l i f t e d  i n November and 
s to red  i n  a coo ler  a t  3 ' ~  thrcugrl t h e  winter .  
Seedlings w j t h  r o o t  c o l l a r  d i a r~e te rs  of  1.52 - 
2.03 cm and top  heights o f  46 - 76 em were p lan ted  
i n  A p r i l ,  1988 on a 10 f t  x 10 ft spacing w i t h  a 
KBC p l a n t i n g  bar. 

no t  s t a t i s t i c a l l y  s ign$ f icanG3 su rv i va l  was 15% 
lower f o r  t he  con t ro l  than e i t h e r  t he  d isked o r  
d i  sked-bedded s i t e  treatments. These sesu? t s  a r e  
s i m i l a r  t o  those repor ted  by Derr and Mann (1970) 
for  s lash p ine  IPinus . I  and by 
Franc ls  (1983) f o r  cherrybark and Shumard oak, f n 
e i t h e r  case f l a t  d i sk ing  and mound d i sk ing  (Derr 
and Mann3 19701r o r  df sk ing  vs  d i t c h i n g  (Francis, 
13831 d i d  no t  improve su rv i va l ,  

To ta l  Height  Growth 

A t  t h e  beginning o f  t he  thSrd growing season 
t h e  average seed1 i ng hei  gh t  across a1 1 t r e a m e n t s  
was 20 cm, S i t e  p repara t ion  had no e f f e c t  on 
seedl ing he igh t  from 2982 .- 1984 (Table 1). A 
v i sua l  observat ion o f  -the p lan ta t i l ' o  would have 
concluded the  opposite, Oak seed1 fng  growth i s  i n  
general va r i ab le  due t o  l a r g e  genet ic  w i t h i n  
fami ly  d i f fe rences  (Farmer, 1875) and seed source 
v a r i a t i o n  [Kr iet te l  e t  a1 19761, As noted by 
Johnson (1979) some t rees  grow except ional  l y  we1 1 
from the  f i r s t  year wh i l e  others grow very s lowly,  
Johnson est imated t h a t  on t h e  average 10% o f  
p lan ted  black oak (Q, h. 9 seed1 i ngs 
e x h i b i t  except ional  growth. For t h i s  study 38% o f  
t he  seedl ings grew b e t t e r  than t h e  p l a n t a t i o n  
average (Tab? e 21, 

Table 1, In f luence of s i t e  p repara t ion  on he igh t  
growth of swamp chestnut oak fsam 1982-198rd. 
PI- _L_ ---- - _ - ̂  -- --- - LA---- 

Ssedl i ng Hei ght fcm) 
S i  t e  

on 

Contro l  
Weed Cont ro l  

Di  sked 7 3a 11 0a 165a 
Chemical weed c o n t r o l  cons i s t i  ng of g1 yphosate 

( 2  qt /A)  and simazine ( 4  1b a,i , /A) was app l ied  
each sp r i ng  around a l l  seedl ings,  For the  f i r s t  2 
years, t h e  t r ea ted  area consisted o f  1 m diameter 
c i  r c l e  t reatments around each seedl ing. Beginning 
i n  t h e  t h i r d  year, t he  chemical has been app l ied  
t o  1 m wide bands over t h e  p lan ted  row, The 
rena in ing  un t rea ted  area w i t h i n  rows was then 
mowed tw i ce  annually. 

RESULTS AND DISCUSS I O N  

A l l  t he  seed1 ings  were severely browsed i n  
t h e  w in ters  of 1900 and 1981 which caused t h e  
he igh t  growth data f o r  those per iods t o  be 
meani ng1 ess, F o l l  owi ng t h e  f 982 grawi ng season 
t h e  seedl ings were t o o  l a r g e  t o  be browsed by 
rabb i ts .  Consequent1 y, a7 7 su rv i va l  and growth 
data are  reported beginning i n  1982, t h e  t h i r d  
growing season. 

P I  a n t a t i  on Surv i  val  

Thi  r d  year p l  a n t a t i  on su rv i va l  averaged 89% 
across a l l  t reatments and was not inf luenced by 
t he  s i t e  p repara t i  on method. Seed1 i ng su rv i va l  
decl ined t o  83% by t he  end o f  the f i f t h  growing 
season f o l  1 owing two summer draughts. A1 though 

Disked & 65 a 91 a 142a 
Bedded 

Average 73 104 152 

For a given year, values no t  fo l lowed by t h e  
same l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  by 
Duncan" new m u l t i p l e  range t e s t  a t  0.05 l e ve l .  

The wide range i n  t o t a l  t r e e  he igh t  ( 3 0  t o  
283 cm) recorded f o r  1984 was r e f l e c t e d  by t h e  
1 arge w i t h i  n-treatment c o e f f i c i e n t  o f  v a r i  a t i  on 
f o r  each block (33-8295 f o r  t he  con t ro l ,  35-64% f o r  
t h e  disked, and 43-89% for  the  d isk -bedd~d) ,  The 
range o f  v a r i a t i o n  was as grea t  between- t reatments 
as wi th in- t reatments r e s u l t i n g  i n  i n s i s n i  f i c a n t  
t reatment v a r i a t i o n s  i n  t h e  N O V A ,  

Height  Growth I n c r m e n t  

Height  growth Sncrcrrrent was evaluated f o r  
1983 and 1984. Weight growth was s i g n i f  i c a n t  a t  
t h e  0.05 l e v e l  for  both years (Table 3 ) .  When 
compared t o  t h e  c o n t r o l   treatment^ the  he igh t  
growth i n c r m e n t  i n  1983 and 1984 was 
s f  gni  f i c a n t l y  g rea ter  f o r  t he  d isked and 
d i  sked-bedded s i t e  p repara t ion  treatments, The 



Table 2, f nfluence s f  s i t e  p repara t ion  t reatment 
on t h e  number of individual t rees  growing f a s t e r  
than the mean p l a n t a t i o n  t r e e  (152 cml by s i z e  
c l ass  and t r e a b e n t .  

Cont ro l  43(101U 22(5) 4(1) 69(161 

O i  sked 141 (33) 69(16) 13(J)  2B (521  

Disked & 124(29) 52(12) 17(4) 193(45) 
Bedded 

Values i n  parenthesis are t h e  percentages o f  
t h e  t o t a l  number o f  t r ees  planted, assuming 430 
t r ees  per acre. 

Table 3, I n f l uence  o f  s i t e  p repara t ion  on t h e  
h e i g h t  growth i n c r m e n t  o f  swamp chestnut oak 
f o r  1983 and 1984, 

------------------------------- 
Wei ght  Growth I n c r m e n t  (cml 

S i t e  

Cont ro l  26 aU 34a 

Di  sked 366 49b 

Oisked & 
Bedded 

Mean 33 4 4 

Values no t  f o l  lowed by the  same l e t t e r  are 
s i g n i f i c a n t l y  d i f f e r e n t  by Duncan" new mu1 ti p l  e 
range t e s t  a t  0.05 l eve l ,  

mean he i  ght growth increment i n  1984 was 11 cm 
greater  than 1983 ( 8  cm f o r  t he  cont ro l ,  13 cm f o r  
disked, and 12 cm f o r  t he  disked-bedded 
t reatments) .  

Diameter Growth 

I n  1984 average stem diameter f o r  t he  
p l a n t a t i o n  was 2.8 cm a t  10 cm above the  ground 
l i n e  and was s i g n i f i c a n t l y  g rea ter  f o r  t he  disked 
(3.1 cm) and disked-bedded (2.9 cm) t r e a b e n t s  
than t h e  con t ro l  (2.4 em), No s t a t i s t i c a l  
d i f f e rence  was noted between t h e  d isked and 
d i  sked-bedded p lo t s ,  

Di  scussfon and Summary 

S o i l  c u l t i v a t i o n 9  e i t h e r  by d i s k i n g  alone or 
by d l  skf ng-beddi ng, increased S f  arneter and hei g h t  
growth increment of swamp chestnut oak, With t he  
s e l e c t i o n  of proper t r e e  species9 t h e  bedding o f  
upland f l a t  s i t e s  may not  r e s u l t  i n  increased 

diameter o r  he jgh t  growth Sncrment over d i s k i n g  
a1 one. Bedding may no t  be necessary on up1 and 
F la t s  i n  southern Indiana s ince per iods o f  
prolonged f l o o d i  ng are  very rare, S i t e  
p repara t ion  by d i s k i n g  d i d  cause an increase i n  
he i  ght  i ncrmenl: and diameter growth. Most 
impor tan t ly  t he  a f f e c t  o f  t he  s i t e  p repa ra t i on  i s  
s t i l l  evf d e n t  f i v e  years a f t e r  p lan t ing ,  Moehri ng 
(19701 noted t h a t  on s i l t  loam so i l s ,  macrspore 
volume was low, c u l t i v a t i o n  increased t h e  s o i l  a i r  
component, and reduced the  mechan i ca1 res i stance 
t o  tree r o o t  penetrat ion,  improving t r e e  
performance, 

Swamp chestnut oak has evolved through t ime 
t o  t h e  p o i n t  where it can surv ive  and grow we11 i n  
h igh  moi s t u r e  content  so l  1 s. However a e r a t i  on o f  
t he  so i  1 through cu1 ti v a t i  on does s t 1  mu1 a te  
growth. The l a c k  o f  response t o  bedding has a1 so 
been noted by other researchers work ing w i t h  
wet -s i te  oaks (Kennedy , 1975; 19801, 

Rased on t h e  r e s u l t s  o f  t h i s  study p l a n t i n g  
swamp chestnut oak on poor ly  drained upland s i t e s  
i n  southeastern Indiana may be a feas t  b l e  
a l t e r n a t i v e  land use. The po ten t i a l  growth o f  
t h i s  species i s  promis ing when compared t o  t h e  
upland red  and wh i te  oaks c u r r e n t l y  available f o r  
p l a n t i n g  on such s i t es ,  Add i t iona l  resezlrch on 
o ther  wet-s i te saks should be undertaken t o  
es tab l  i sh growth comparisons, 
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MJ EVALC'ATIOK OF SITE PREPARliTLON METHODS FOR LOBLOLLY PINE 

1 i REGENERATION ON THE PIEDMONT- 

2 / C. W. S t a f f o r d ,  J. L. T o r b e r t ,  and J. A. Burger- 

Abstract.--A s t u d y  was conducted t o  q u a n t i f y  t h e  e f f e c t s  
o f  s e v e r a l  s i t e  p r e p a r a t i o n  p r e s c r i p  t i o n s  o n  t h i r d - y e a r  s u r -  
v i v a l  and growth o f  l o b l o l l y  p i n e  i n  t h e  Piedmont P l a t e a u  
o f  South C a r o l i n a  and Georg ia .  Each o f  twe lve  r e p l i c a t e  
s i t e s  were  t r e a t e d  w i t h  seven  methods o f  s i t e  p r e p a r a t i o n .  
A f t e r  t h r e e  growing s e a s o n s ,  s u r v i v a l , h e i g h t ,  d i a w e t e r ,  and 
volume were b e t t e r  on  m e c h a n i c a l l y - t r e a t e d  a r e a s  t h a n  on 
he rb ic ide -burn  and c o n t r o l  a r e a s .  T rea tmen t s  t h a t  i n c l u d e d  
d i s c i n g  p rov ided  t h e  l o w e s t  s o i l  b u l k  d e n s i t i e s  and t h e  
b e s t  growth re sponse .  F o l i a r  N l e v e l s  were  h i g h e s t  i n  t r e e s  
on shea r - rake -d i sc  p l o t s ,  b u t  t h e s e  p l o t s  had t h e  l o w e s t  
long- term N supp ly .  Othe r  growth l i m i t i n g  f a c t o r s  i n f l u -  
enced by s i t e  p r e p a r a t i o n  a r e  be ing  s t u d i e d  i n  a n  e f f o r t  t o  
deve lop  s i t e  s p e c i f i c  g u i d e l i n e s  f o r  p r e s c r i b i n g  s i t e  prepa-  
r a t i o n  t r e a t m e n t s .  

INTRODUCTION 

R e g e n e r a t i o n  o f  i n t e n s i v e l y  managed s o u t h e r n  
p i n e  f o r e s t s  is  accomplished p r i m a r i l y  th rough  
c l e a r c u t t i n g ,  s i t e  p r e p a r a t i o n  and p l a n t i n g  
(McClurkin and Moehring, 1978).  The r e a s o n s  f o r  
s i t e  p r e p a r a t i o n ,  whe the r  by f i r e ,  chemica l  o r  
m e c h a n i c a l  means, i n c l u d e  1 )  o p t i m i z i n g  t h e  s o i l  
m o i s t u r e  regime;  2 )  o r g a n i c  m a t t e r  i n c o r p o r a t i o n  
t o  i n c r e a s e  m i n e r a l i z a t i o n  and n u t r i e n t  r e l e a s e  t o  
promote  e a r l y  growth; 3) r educe  v e g e t a t i v e  compe- 
t i t i o n  f o r  s o i l  n u t r i e n t s  and m o i s t u r e ;  4 )  c l e a r i n g  
t h e  l a n d  f o r  e a s e  o f  p l a n t i n g ;  5) i n c r e a s e  wood 
p r o d u c t  i o n  due  t o  b o t h  i n c r e a s e d  s u r v i v a l  and 
s e e d l i n g  growth and 6 )  a l l o w  u s e  o f  g e n e t i c a l l y  
improved p l a n t i n g  s t o c k .  The t e c h n i q u e s  most 
commonly employed i n  t h e  S o u t h e a s t  a r e  s h e a r i n g ,  
p i l i n g ,  d i s c i n g ,  bedd ing ,  chopping,  burn ing  and 
t h e  u s e  o f  h e r b i c i d e s .  Al though most o f  t h e s e  
s i t e  p r e p a r a t i o n  methods a r e  used i n  t h e  Piedmont,  
t h e r e  i s  l i t t l e  documenta t ion  o f  t h e i r  d i f f e r e n t i a l  
e f f e c t  o n  r e g e n e r a t i o n  s u c c e s s ,  and s h o r t -  and 
long- te rm t r e e  growth and y i e l d  a t  r o t a t i o n  age .  

L/ Paper  p r e s e n t e d  a t  Sou the rn  S i l v i c u l t u r a l  
R e s e a r c h  Conference,  A t l a n t a ,  Georg ia ,  November 
7-8, 1984.  

L/ Gradua te  Resea rch  A s s i s t a n t ,  Resea rch  
A s s i s t a n t ,  and A s s i s t a n t  P r o f e s s o r ,  r e s p e c t i v e l y ,  
Depar tment  o f  F o r e s t r y ,  VPI & SU, Blacksburg ,  
VA 24061. 

P e h l  and B a i l e y  (1983) summarized r e s u l t s  o f  
a  s i t e  p r e p a r a t i o n  s t u d y  on t h e  Georgia  Piedmont 
t h a t  was measured a t  a g e s  1, 2 ,  3 and 10.  A f t e r  
t h e  t h i r d  growing s e a s o n ,  mean t r e e  h e i g h t s  on  
chopped, d i s c e d ,  and bedded p l o t s  were  11 ,  26 and 
20% h i g h e r ,  r e s p e c t i v e l y ,  t h a n  t h e  c o n t r o l .  By 
t h e  t e n t h  growing season ,  mean dbh of  t h e  t r e e s  on 
t h e  d i s c  and bed t r e a t m e n t s  were  16 and 19 p e r c e n t  
l a r g e r ,  r e s p e c t i v e l y ,  t h a n  t h e  c o n t r o l ,  w h i l e  t h e  
chop ereat rnent  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from 
t h e  c o n t r o l .  They concluded t h a t  (1) t h e  h e i g h t -  
growth advan tage  o f  i n t e n s i v e  s i t e  p r e p a r a t i o n  
peaked d u r i n g  t h e  t h i r d  growing season ,  ( ? ) w a s  l o s t  
on  t h e  chop and bed s i t e s  by a g e  10, and (3) t h e  
t r e n d  s u g g e s t e d  t h a t  t h e  h e i g h t  g a i n  w i l l  b e  l o s t  
on t h e  d i s c e d  p l o t s  by a g e  25. 

On t h e  North  C a r o l i n a  Piedmont,  Ha ines  and  
Davey (1979) s t u d i e d  t h e  e f f e c t s  o f  d i s c i n g ,  weed 
c o n t r o l  by mowing, h e r b i c i d e s ,  and v a r i o u s  com- 
b i n a t i o n s  o f  f e r t i l i z a t i o n ,  s u b s o i l i n g ,  and i r r i -  
g a t i o n .  A f t e r  t h e  second growing s e a s o n ,  h e i g h t s  
and d i a m e t e r s  o f  t r e e s  i n  h e r b i c i d e d  p l o t s  were  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  c o n t r o l  t r e e s ,  b u t  
t r e e s  i n  t h e  d i s c e d  p l o t s  were  n o t ,  

Because r e s u l t s  from t h e  few s i t e  p r e p a r a t i o n  
s t u d i e s  under t aken  o n  t h e  Piedmont a r e  o f t e n  i n -  
comple te  and i n c o n c l u s i v e ,  t h i s  r e s e a r c h  was con- 
d u c t e d  t o  q u a n t i f y  t h e  e f f e c t s  o f  s e v e r a l  s i t e  
p r e p a r a t i o n  p r e s c r i p t i o n s  o n  t h i r d - y e a r  s u r v i v a l  
and growth o f  l o b l o l l y  p i n e  i n  t h e  Piedmont o f  
South C a r o l i n a  and Georg ia .  



PROCEDURES 

Study S i t e s  

Three  s t u d y  a r e a s  i n  t h e  c e n t r a l  Piedmont ,  
two i n  w e s t e r n  South C a r o l i n a  and one  i n  e a s t e r n  
Georg ia ,  were  s e l e c t e d .  Four s i t e s  s u p p o r t i n g  
n a t u r a l ,  ma tu re ,  l s b l o l l y  pine-hardwood s t a n d s  
were  s e l e c t e d  w i t h i n  e a c h  a r e a  and c l e a r c u t  i n  
t h e  summer o f  1980. The p r e v a l e n t  hardwoods on  
t h e  s i t e s  were  ys l low-pop la r  (L i r iodendron  
t u l i p i f e r a  L,) , p o s t  oak (Quercus s t e l l a t a  
idangenh.), w h i t e  oak  (Quercus  a l b a  L . ) ,  w a t e r  oak 
(Quercus " L.), and wi l low oak (Qucrcus 

p h e l l o s  E , ) .  The c l e a r c u t  s t a n d s  ranged i n  a g e  
from 30 t o  50 y e a r s ,  w i t h  s i t e  i n d i c e s  (base  a g e  
50) r a n g i n g  from 68 t o  90. 

I n  a d d i t i o n  t o  f o r e s t  c o v e r ,  s i t e s  were  se-  
l e c t e d  on  t h e  b a s i s  o f  s i m i l a r i t y  i n  s o i l  t ype .  
The s o i l s  o f  t h e  s t u d y  s i t e s  were  Appl ing ,  
P a c o l e t ,  C e c i l  o r  Hiwassee which have minor d i f -  
f e r e n c e s  i n  d e p t h ,  c o l o r  and t e x t u r e  o f  t h e  sub- 
s o i l  (SCS, 1975).  The s o i l s  were  deep ,  w e l l  
d r a i n e d  w i t h  m e d i u ~  f e r t i l i t y  and modera te  perme- 
a b i l i t y .  A l l  were c l a y e y ,  k a o l i n i t i c ,  t h e r m i c ,  
Typic  R a p l u d u l t s  e x c e p t  Hiwassee which was a  Typic 
Rhodudult .  The uneroded s u r f a c e  s o i l s  were  p re -  
domina te ly  sandy loam and t h e  s u b s o i l s  r anged  
from sandy  c l a y  t o  c l a y .  Bulk d e n s i t y  o f  t h e  
s u r f a c e  s o i l s  ranged f rom I . 17  t o  1 .24 g/cm3 p r i o r  
t o  h a r v e s t .  

S i t e  P r e p a r a t i o n s  

A spec t rum o f  o p e r a t i o n a l l y  f e a s i b l e  p re -  
s c r i p t i o n s ,  v a r y i n g  i n  i n t e n s i t y  and c o s t ,  were  
i n c l u d e d  i n  t h e  s t u d y :  

1. No P r e p a r a t i o n  
2. H e r b i c i d e  and burn  
3. Chop and b u r n  
4. Shea r ,  r a k e - p i l e  (2 p a s s e s )  
5. Shea r  and d i s c  ( l - p a s s )  
6.  Shea r ,  V-blade and d i s c  (2-passes)  
7. Shea r ,  r a k e - p i l e ,  d i s c  (3-passes)  

The s t u d y  was e s t a b l i s h e d  i n  t h e  summer and f a l l  
o f  1980. Trea tmen t s  w i t h i n  s t u d y  s i t e s  ranged i n  
s i z e  from t h r e e  t o  f i v e  a c r e s .  For t r e a t m e n t  2, 
g l y p h o s a t e  was a e r i a l l y  a p p l i e d  a t  a  r a t e  o f  1 
g a l .  Roundup (R)  p e r  a c r e .  Wi th in  s i x  weeks t h e  
sp rayed  a r e a s  were  burned.  Shea r ing  and d i s c i n g  
i n  t r e a t m e n t  5 was a p p l i e d  s i m u l t a n e o u s l y  i n  one  
p a s s ,  R e s i d u a l  v e g e t a t i o n  was shea red  i n  p l a c e ;  
however, some p i l i n g  o c c u r r e d  when t h e  v e g e t a t i o n  
and d e b r i s  was e x c e p t i o n a l l y  heavy. The s h e a r ,  
V-blade and d i s c  t r e a t m e n t  (6 )  c o n s i s t e d  o f  
s h e a r i n g  r e s i d u a l  v e g e t a t i o n  i n  p l a c e  w i t h  t h e  
f i r s t  p a s s ,  fo l lowed  by a  V-blade and d i s c i n g  w i t h  
t h e  second pass, The V-blade a l i g n e d  t h e  s h e a r e d  
m a t e r i a l  i n t o  smal l  windrows between which t h e  
s o i l  w a s  d i s c e d .  A l l  t r e a t m e n t  a r e a s  were  p l a n t e d  
by machine w i t h  1-0 g e n e t i c a l l y  improved l o b l o l l y  
p i n e  s e e d l i n g s ,  e x c e p t  f o r  t h e  c o n t r o l  and h e r b i -  
c i d e  p l o t s  which were hand p l a n t e d .  F i v e  0 . 1  
a c r e  s u b p l o t s  were  randomly l o c a t e d  w i t h i n  e a c h  

t r e a t m e n t  p l o t .  Each s u b p l o t  c o n t a i n e d  a p p r o x i -  
m a t e l y  64 s e e d l i n g s  which p rov ided  abou t  320 mea- 
s u r e d  t r e e s  p e r  t r e a t m e n t .  

T ree  s u r v i v a l ,  h e i g h t  and d i a m e t e r  were  nea-  
s u r e d  i n  t h e  w i n t e r  o f  1984, F o l i a r  samples  were  
c o l l e c t e d  from t h e  Georgia  s i t e s  i n  t h e  summer of 
1983. T o t a l  t i s s u e  N was de te rmined  u s i n g  s t a n -  
da rd  micro-Mjeldahl  t e c h n i q u e s  (Brernner, 1965) .  
A 0 .5  gram subsarcple was ashed i n  a  m u f f l e  f u r n a c e  
a t  4 5 0 ' ~  f o r  1 0  hours  and n u t r i e n t s  were  e x t r a c t e d  
w i t h  1 0  m i  o f  6 N HCL. The Murphy-Riley a s c o r b i c  
a c i d  t e c h n i q u e  (Watanbe and Oisen,  1965) was used 
t o  a n a l y z e  P i n  t h e  e x t r a c t s .  S tandard  p r o c e d u r e s  
f o r  a Perkin-Elmer a tomic  a b s o r p t i o n  spec t ropho-  
tomete r  were  used t o  d e t e r m i n e  K ,  Ca and Mg l e v e l s  
i n  t h e  t i s s u e  e x t r a c t s  (Perkin-Elmer,  1980). 

RESULTS 

S u r v i v a l  has  remained v i r t u a l l y  unchanged 
s i n c e  t h e  f i r s t  y e a r ,  Over a l l  s t u d y  s i t e s ,  s u r -  
v i v a l  i n  t h e  f i v e  mechan ica l  t r e a t m e n t s  was s i g -  
n i f i c a n t l y  b e t t e r  t h a n  i n  t h e  h e r b i c i d e - b u r n  and 
c o n t r o l  a r e a s  (Table  1). With in  mechanical  t r e a t -  
men t s ,  t h e  shea r - rake -d i sc  and s h e a r - d i s c  t r e a t -  
ments  had s i g n i f i c a n t l y  b e t t e r  s u r v i v a l  t h a n  t h e  
chop-burn, shear-V-blade-disc and shea r - rake  t r e a t -  
men t s ,  

O v e r a l l ,  growth was b e s t  on t h e  shea r - rake -  
d i s c  t r e a t m e n t .  The h e i g h t ,  d i a m e t e r  and volume 
i n d e x  (d2h) o f  t h i s  t r e a t m e n t  were s i g n i f i c a n t l y  
h i g h e r  t h a n  t h e  o t h e r  two d i s c e d  t r e a t m e n t s ,  and 
a l l  d i s c e d  t r e a t m e n t s  had s i g n i f i c a n t l y  b e t t e r  
volume i n d i c e s  t h a n  o t h e r  t r e a t m e n t s .  He igh t ,  
d i a m e t e r  and volume i n d i c e s  on t h e  c o n t r o l  and 
h e r b i c i d e - b u r n  t r e a t m e n t s  were  s i g n i f i c a n t l y  lower  
t h a n  t h o s e  on  a l l  o f  t h e  mechan ica l ly  p r e p a r e d  
s i t e s .  

On mechan ica l ly  p r e p a r e d  s i t e s ,  growth r e -  
sponses  were  i n v e r s e l y  p r o p o r t i o n a l  t o  s o i l  b u l k  
d e n s i t y ;  t h a t  i s ,  t h e  b e s t  growth r e s p o n s e  o c c u r r e d  
on s i t e s  w i t h  lower  bu lk  d e n s i t i e s .  A l l  d i s c i n g  
t r e a t m e n t s  r e s u l t e d  i n  s i g n i f i c a n t l y  lower  b u l k  
d e n s i t i e s  t h a n  t h e  chop-burn t r e a t m e n t ,  w h i l e  t h e  
shea r - rake -d i sc  and s h e a r - d i s c  t r e a t m e n t s  were  s i g -  
n i f i c a n t l y  lower  t h a n  t h e  s h e a r - r a k e  t r e a t m e n t .  

F o l i a r  n i t r o g e n  l e v e l s  o f  t r e e s  on t h e  s h e a r -  
r ake -d i sc  t r e a t K e n t  (1.26%) were s i g n i f i c a n t l y  
h i g h e r  t h a n  t h a t  on a l l  o t h e r  t r e a t m e n t s  e x c e p t  t h e  
c o n t r o l  (Table  21, There  were  no o t h e r  d i f f e r e n c e s  
between f o l i a r  n u t r i e n t  l e v e l s  e x c e p t  f o r  c a l c i u m ,  
which x a s  s i g n i f i c a n t l y  h i g h e r  on t h e  c o n t r o l  t h a n  
a l l  mechan ica l ly  p repa red  s i t e s .  

DISCUSSIOR 

During s i t e  p r e p a r a t i o n  and p l a n t i n g ,  and f o r  
some months f o l l o w i n g ,  t h e  s o u t h e a s t e r n  Uni t ed  
S t a t e s  exper i enced  d rough t  c o n d i t i o n s .  I n  t h e  
p e r i o d  from June  1980 t o  June  1981, a c t u a l  r a i n -  
f a l l  averaged 1 3  i n c h e s  below normal .  The l a c k  



o f  r a i n f a l l  d u r i n g  t h i s  c r i t i c a l  p e r i o d  o f  s o i l  d e n s i t i e s .  With t r a f f i c ,  t h e s e  s o i l s  c a n  be- 
s e e d l i n g  e s t a b l i s h m e n t  is  l a r g e l y  r e s p o n s i b l e  f o r  come compacted t o  t h e  p o i n t  t h a t  r o o t  p e n e t r a t i o n  
t h e  o v e r s l l  poor  s e e d l i n g  s u r v i v a l  on  t h e s e  s i t e s .  Is o f t e n  r e s t r i c t e d .  Ni t rogen  i s  a l m o s t  always 

a l i m i t i n g  f a c t o r  t o  p i n e s  a f t e r  t h e  f i r s t  s e v e r a i  
O n  t h e  Piedmont,  two o f  t h e  f a c t o r s  p r i m a r i -  y e a r s  o f  r o t a t i o n .  

l y  r e s p o n s i b l e  f o r  L i m i t i n g  p i n e  growth are  s o i l  
d e n s i t y  and a v a i l a b l e  n i t r o g e n .  Piedmont s o i l s  Volumes on a l l  d i s c e d  t r e a t m e n t s  i n  t h i s  
a r e  u s u a l l y  f i n e l y  Cextured w i t h  i n h e r e n t l y  h i g h  s t u d y  were  s i g n i f i c a n t l y  g r e a t e r  than  t h o s e  on  all 

Table  1 . - -Ef fec t  o f  s i t e  p r e p a r a t i o n  method on t h e  s u r v i v a l ,  
h e i g h t ,  d i a m e t e r ,  volume i n d e x ,  and s o i l  b u l k  d e n s i t y  a t  
p l a n t a t i o n  a g e  3.11 

- -  -- -_--I_._ 

S i t e  p r e p a r a t i o n  T r e e s  Trees  Height  Diameter  Volume Bulk 
t r e a t m e n t  p l a n t e d  S u r v i v a l  r emain ing  index  d e n s i t y  

( Z >  ( i n )  ( i n )  
3 

( i n  ) 3  
(gicm ) 

No p r e p a r a t i o n  44 1  43 c  276 42.32 e  0 .78  d  45.19 d  1 .29 c  

H e r b i c i d e ,  bu rn  654 48 c  3  14 42.92 e  0 .91  d 60.23 d  1 .35  a b  

Cliop, b u r n  607 57 b  346 49.75 cd  1 .23  bc 100.76 c  1 .39 a 

Shear ,  V b l a d e - d i s c  533 61  b  325 53.08 bc 1 .31  b  122.05 b  1 .32 bc  

Shear ,  r a k e  6 18 61  b 377 47.04 d  1.16 c  85.19 c  1.37 a b  

Shear ,  r a k e ,  d i s c  645 68 a  4  39 56.63 a  1.44 a  150.83 a 1 .30  c  
- 

L/Dif f  e r e n t  l e t t e r s  w i t h i n  columns i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t s  a t  t h e  0 . 1  l e v e l .  

Table  2 . - -Fol iar  n z ~ t r i e n t  c o n c e n t r a t i o n s  by t r e a t m e n t  d u r i n g  
t h e  t h i r d  growing s e a s o n . l /  

__--A --"-l_L--C_I-___.___UI_I _ _ _ " _ _ _ _ _ _ _ ~  

T r e a t m e n t  N P K Ca Mg 

................................. y ............................................. 

No p r e p a r a t i o n  1.22 a b  .10 a  .65  a $22  a  . l o  a  

H e r b i c i d e ,  bu rn  1.17 c  . I 1  a  . 65  a .20  a b  . I 1  a 

Chop, b u r n  1.19 bc  . I 1  a  .67 a .19  b .10 a  

Shear-d i s c  1 - 1 4  c  . I 1  a . 7 2  a  - 1 3  b .10 a 

Shear ,  V b lade -d i sc  1.16 c  - 1 1  a .75 a . I 9  b . 10  a  

S h e a r ,  r a k e  1 .16 c  .15  a .67 a  .20 b .10 a 

Shear ,  r a k e ,  d i s c  1.26 a - 1 1  a . 7 1  a .18  b . 1 3  a 

" ~ i f f e r e n t  l e t t e r s  w i t h i n  columns i n d i c a t e  s i g n i f i c a n t  d l i f e r e n c e s  among t r e a t m e n t s  a t  t h e  0 .1  l e v e l .  



o t h e r  t r e a t m e n t s .  Disc ing  g e n e r a l l y  i n c r e a s e s  
e a r l y  growth on t h e s e  Piedmont s i t e s  by loosen ing  
compacted s u r f a c e  s o i l  (upper  10"'). T h i s  r e l a -  
t i o n s h i p  i s  most n o t a b l e  when comparing t h e  
shear-rake-disc t rea tment  t o  the  shear-rake 
t rea tment ,  which e s s e n t F a l l y  s e r v e s  a s  a  c o n t r o l  
f o r  t h e  d i s c .  

The p e r f o r m n c e  of  t r e e s  on  t h e  shear-V 
blade-disc and shear -d i sc  t r e a t m e n t s  a r e  l agg ing  
s l i g h t l y  behind t h o s e  on shear-rake-disc t r e a t -  
ments because of some s o i l  s c a l p i n g  t h a t  occur red  
dur ing  p l a n t i n g .  A V-blade was a t t a c h e d  t o  t h e  
f r o n t  of t h e  p l a n t i n g  t r a c t o r  t o  move d e b r i s  
a s i d e .  I n  some c a s e s  t h e  b l a d e  was low enough t o  
push t o p s o i l  t o  t h e  s i d e ,  c r e a t i n g  mounds be- 
tween rows. Trees p l a n t e d  i n  t h e  sca lped  a r e a s  
d i d  n o t  r e c e i v e  t h e  f u l l  b e n e f i t  o f  the  d i s c .  
A s  r o o t s  grow out  i n t o  t h i s  d i s p l a c e d  s o i l  and 
organ ic  r e s i d u e ,  they should grow r a p i d l y .  

F o l i a r  n u t r i e n t  l e v e l s  he lp  i d e n t i f y  obvious 
n u t r i t i o n a l  problems. I n  t h i s  s tudy ,  c a t i o n  
l e v e l s  exceeded those  l e v e l s  g e n e r a l l y  considered 
adequate f o r  normal growth. Phosphorus l e v e l s  
f o r  a l l  t r e a t m e n t s  were a t  o r  above t h e  0.1% 
l e v e l  which is o f t e n  cons idered  t h e  c r i t i c a l  
l e v e l .  I n  almost  a l l  c a s e s ,  n i t r o g e n  l e v e l s  a r e  
below t h e  c r i t i c a l  l e v e l  o f  1.2% sugges t ing  a 
marginal  condi t ion .  

Nitrogen l e v e l s  i n  t h e  shear-rake-disc p l o t s  
(1.26%) r e f l e c t  increased  m i n e r a l i z a t i o n  r a t e s  
caused by i n c o r p q r a t i n g  s u r f a c e  m a t e r i a l ,  h igher  
s u r f a c e  tempera tures ,  and l e s s  moisture competi- 
t i o n .  There i s  concern t h a t  t h e r e  may be too 
much N r e l e a s e d  i n t o  t h e  s o i l  s o l u t i o n  too  soon 
which may r e s u l t  i n  N d e f i c i t s  a t  a  l a t e r  time. 
Trees i n  t h e  unprepared a r e a  a l s o  had h igh  f o l i a r  
N l e v e l s ,  bu t  growth of  t h e s e  t r e e s  is probably 
l i m i t e d  by o t h e r  f a c t o r s .  

Raking, whi le  u s e f u l  f o r  c l e a r i n g  t h e  land 
t o  f a c i l i t a t e  machine p l a n t i n g ,  seems t o  have 
l i t t l e  v a l u e  f o r  i n c r e a s i n g  p r o d u c t i v i t y .  A s  
rakes  t r a v e l  back and f o r t h  over  t h e  s u r f a c e .  
they  compact t h e  s o i l  and remove n u t r i e n t s  from 
t h e  s i t e .  Logging d e b r i s  t h a t  is pushed i n t o  
windrows and burned would have a c t e d  l i k e  a  slow- 
r e l e a s e  f e r t i l i z e r ,  becoming a v a i l a b l e  t o  t h e  
t r e e s  5 t o  10 y e a r s  a f t e r  p l a n t i n g .  If  l e f t  i n  
p l a c e ,  t h i s  m a t e r i a l  would have increased  t h e  
s u r f a c e  l a y e r  o rgan ic  m a t t e r  con ten t  which en- 
hances mois ture  r e t e n t i o n ,  c a t i o n  exchange, and 
improves s o i l  t i l t h .  Two t r e a t m e n t s  i n  t h i s  
s tudy ,  t h e  shear -d i sc  and shear-V-blade-disc, 
p rov ide  t h e  b e n e f i t s  of d i s c i n g  w h i l e  a l lowing  
d e b r i s  t o  remain on  s i t e .  

Nitrogen demands a r e  h igh  a s  t r e e s  beg in  t o  
grow r a p i d l y  between t h e  a g e s  o f  3  t o  10. On 
shear-rake-disc a r e a s ,  much of t h e  N has  a l r e a d y  
been minera l ized .  I f  t h e  n i t r o g e n  h a s  n o t  been 
cap tured  by competing v e g e t a t i o n  o r  i m o b i l i z e d  
by s o i l  microorganisms, i t  h a s  probably been 
leached  from t h e  s o i l .  On t h e  o t h e r  hand, t r e e s  
i n  t h e  o t h e r  d i s c e d  t r e a t m e n t s  should s t a r t  t o  

u t i l i z e  i n c r e a s i n g  l e v e l s  of s o i l  N a s  d e b r i s  s u r -  
roundlng t h e  t r e e s  decomposes. 

CONCLUSIONS 

Third-year r e s u l t s  show t h e  b e n e f i c i a l  e f f e c t  
of d i s c i n g  on t r e e  growth dur ing  t h e  s t a n d  re -  
g e n e r a t i o n  phase. To d a t e ,  t h e  b e s t  growth has 
r e s u l t e d  on t h e  shear-rake-disc t rea tment .  This  
t rea tment  is  a l s o  t h e  most expensive.  I n  t ime ,  
t h e  shear-V blade-disc and shear -d i sc  t r e a t m e n t s  
may prove more c o s t  e f f e c t i v e ,  p a r t i c u l a r l y  i f  
r e t e n t i o n  of  n u t r i e n t s  i n  s l a s h  and l i t t e r  proves 
t o  be a  f a c t o r  s i g n i f i c a n t l y  enhancing growth 
l a t e r  i n  t h e  r o t a t i o n .  

The a u t h o r s  a r e  g r a t e f u l  t o  Champion I n t e r -  
n a t i o n a l  Corporat ion f o r  f i n a n c i a l  support  of 
t h i s  s tudy ,  and f o r  t h e  e x t e n s i v e  h e l p  rece ived  
from t h e i r  f o r e s t e r s  and s i t e  p r e p a r a t i o n  and 
equipment personne l .  
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SITE PREPARATION EFFECTS ON TIIE SPATIAL DISTRIBUTION 

2 1 T. D. Needham, J.  A .  Burger ,  and D, 0.  Lantagne- 

Abstract.--The s p a t i a l  p a t t e r n s  of l o b l o l l y  pine 
s e e d l i n g s  fol lowing seven s i t e  p r e p a r a t i o n  t r e a t m e n t s  were 
eva lua ted  u s i n g  P i e l o u ' s  Index of Monrandomness both 
immediately a f t e r  p l a n t i n g  and a f t e r  t h e  second growing 
season.  Seed l ings  on machine p l a n t e d  t rea tment  a r e a s  
e x h i b i t e d  expected s p a t i a l  p a t t e r n s .  As t h e  amount of 
logging s l a s h  o r  i t s  roughness decreased ,  p l a n t i n g  p a t t e r n s  
became more r e g u l a r .  Hand p lan ted  t rea tment  a r e a s  e x h i b i t e d  
t h e  most r e g u l a r  s p a t i a l  p a t t e r n s  even though t h e  s i t e  
p r e p a r a t i o n  on t h e s e  a r e a s  l e f t  d i f f i c u l t  p l a n t i n g  
c o n d i t i o n s .  A f t e r  two y e a r s ,  t h e  s p a t i a l  d i s t r i b u t i o n  of 
s e e d l i n g s  s h i f t e d  from r e g u l a r  and random toward a  more 
c l u s t e r e d  p a t t e r n .  The degree of change was s i m i l a r  i n  a l l  
bu t  t h e  unprepared and herbicide-burn t r e a t m e n t s  which 
e x h i b i t e d  t h e  g r e a t e s t  change. Although s i g n i f i c a n t  
d i f f e r e n c e s  i n  seed l ing  s p a t i a l  p a t t e r n s  were observed among 
t h e  t r e a t m e n t s ,  t h e  importance of t h e  d i f f e r e n c e s  with 
regard  t o  y i e l d  and h a r v e s t a b i l t y  i s  y e t  t o  be determined. 

INTRODUCTION 

Regenera t  ion  success  i n  sou thern  p i n e  
p l a n t a t i o n s  i s  o f t e n  based on t h e  number of 
s e e d l i n g s  surv iv ing  a f t e r  t h e  f i r s t  year .  
However, t h e  s p a t i a l  d i s t r i b u t i o n  of t r e e s  
should a l s o  be considered.  A d i s t r i b u t i o n  t h a t  
p e r m i t s  f u l l  u t i l i z a t i o n  of a  s i t e  i s  p r e f e r r e d .  
T h e r e f o r e ,  among o t h e r  t h i n g s ,  s i t e  p r e p a r a t i o n  
should promote a p a t t e r n  of w e l l  d i s t r i b u t e d  
t r e e s .  

A regula r  s p a t i a l  p a t t e r n  is  u s u a l l y  sought 
t o  c o m p l e t e l y  u t i l i z e  a  s i t e .  As e i t h e r  t h e  
s p a t i a l  d i s t r i b t ~ t i o n  s h i f t s  away from r e g u l a r ,  
o r  t h e  number of t r e e s  changes, a  change i n  
y i e l d  and product  i s  expected t o  occur .  A 
g u i d e l i n e  used by many f o r e s t e r s  t o  a s s e s s  t h e  

Paper  p r e s e n t e d  a t  Sou the rn  S i l v i c u l t u r a l  
R e s e a r c h  Conference,  A t l a n t a ,  Georgia ,  November 

7-8, 13?4* - Graduate  Resea rch  A s s i s t a n t  and A s s i s t a n t  

P r o f e s s a r ,  r e s p e c t i v e l y .  Department o f  F o r e s t r y ,  
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  Univer- 
s i t y ,  B l a c k s b u r g ,  VA 2 4 0 6 1 ,  and A s s i s t a n t  Pro- 
f e s s o r ,  Michigan S t a t e  U n i v e r s i t y ,  E .  Lans ing ,  
M I  4 8 8  24-1222.  
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p o t e n t i a l  a b i l i t y  of a  s tand  t o  produce a n  
a c c e p t a b l e  y i e l d  a t  r o t a t i o n  i s  300 t r e e s  p e r  
a c r e  assuming they  e x h i b i t  a  "goodf' s p a t i a l  
d i s t r i b u t i o n .  

The purpose of t h i s  s tudy  was t o  de te rmine  
how s e v e r a l  s i t e  p r e p a r a t i o n  a l t e r n a t i v e s  used 
i n  t h e  r e g e n e r a t i o n  of l o b l o l l y  p ine  a f f e c t e d  
s e e d l i n g  s p a t i a l  d i s t r i b u t i o n  p a t t e r n s  a t  t h e  
time of p l a n t i n g  and a f t e r  two growing seasons .  

METHODS 

A s i t e  p r e p a r a t i o n  s tudy  was i n i t i a t e d  i n  
1980 on twelve,  40 a c r e  s i t e s  i n  t h e  South 
Caro l ina  and Georgia Piedmont on Champion 
I n t e r n a t i o n a l  Corporat ion lands (Lantange, 
1984). Each of t h e  seven s i t e  p r e p a r a t i o n  
p r e s o r i p t i o n s  descr ibed  i n  Table 1 was a p p l i e d  
t o  approximately 5 a c r e s  a t  each s i t e .  The 
t r e a t m e n t s  r e p r e s e n t  a range of o p e r a t i o n a l l y  
f e a s i b l e  s i t e  p r e p a r a t i o n  p r e s c r i p t i o n s  vary ing  
i n  c o s t  and i n t e n s i t y ,  Following p l a n t i n g ,  f i v e  
0.1 a c r e  p l o t s  were randomly located w i t h i n  each 
t rea tment  a r e a .  The l o c a t i o n  of every p l a n t e d  
seed l ing  w i t h i n  t h e  p l o t s  was i d e n t i f i e d  by a 
row d i s t a n c e  from a  p l o t  corner  and a  t r e e  
d i s t a n c e  from t h e  p l o t  b a s e l i n e ,  The second 



year  a f t e r  p l a n t i n g ,  each p l o t  was r e v i s i t e d  and 
s u r v i v a l  by  t r e e  l o c a t i o n  ~ q s e s s e d ,  

Table I,--Site preparation prescriptions a p ~ l i e d  
zc each of twelve, 4 C  acre sites. 
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Pielou" Index of Nonrandomness ( P i e l o u  
1959) was used t o  a s s e s s  seed l ing  d i s t r i b u t i o n .  
Research by Payandeh (19701, sugges t s  t h a t  i t  i s  
t h e  b e s t  a l t e r n a t i v e  f o r  a s s e s s i n g  t h e  s p a t i a l  
d i s t r i b u t i o n  of t r e e s .  The index i s  based on 
point- to-plant  d i s t a n c e s ,  A f t e r  t h e  l o c a t  ion  of 
every  p l a n t e d  t r e e  was mapped, computer 
t echniques  were used t o  randomly l o c a t e  f i f t y  
p o i n t s  w i t h i n  each p l o t  and determine mean 
squared po in t - to - t ree  d i s t a n c e s .  
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The spatial distribution index for each plot was 
then calculated as follows: 

where: - L = s p a t i a l  d i s t r i b u t i o n  index 
w = mean of squared point- to-plant  

d i s t a n c e s  
n  = d e n s i t y  i n  t r e e s  per  a c r e  

PP = 3,14159 

The index was a d j u s t e d  s o  a  va lue  of 1.00 would 
i n d i c a t e  a p e r f e c t l y  r e g u l a r  s p a t i a l  
d i s t r i b u t i o n  whi le  l a r g e r  va lues  would i n d i c a t e  
i n c r e a s i n g l y  l e s s  r e g u l a r  p a t t e r n s ,  This  was 
achieved by c r e a t i n g  a  p e r f e c t l y  r e g u l a r  s p a t i a l  
p a t t e r n ,  determining i t s  index va lue ,  and 
d i v i d i n g  a l l  index v a l u e s  by t h i s  number. As 
s p a t i a l  p a t t e r n s  become l e s s  r e g u l a r  they a r e  
c l a s s i f i e d  a s  random o r  c l u s t e r e d  depending on 
t h e  magnitude of t h e  index,  The p l o t s  i n  f i g u r e  
I i l l u s t r a t e  a  range of s p a t i a l  d i s t r i b u t i o n  
p a t t e r n s  and g i v e  corresponding index v a l u e s .  

A  s p a t i a l  d i s t r i b u t i o n  index was d e t e m i n e d  
f o r  each of t h e  420 p l o t s  i n  t h e  s tudy  and 
comparisons between methods of r e g e n e r a t i o n  were 
made us ing  a n a l y s i s  of var iance  and g r a p h i c s .  
Ana lys i s  of covar iance  was used t o  i n v e s t i g a t e  
t h e  r e l a t i o n s h i p  between i n i t  i a  l and s u r v i v i n g  
seed l i n g  s p a t  i a  1 p a t  t e r n s .  

RESULTS and DISCUSSION 

The b a r  c h a r t  i n  f i g u r e  2 shows t h e  average  
s p a t i a l  d i s t r i b u t i o n  of p lan ted  s e e d l i n g s  by 
t rea tment  a s  i t  occurred a t  p l a n t i n g  and a f t e r  2 
growing seasons.  No t rea tment  promoted a 
c l u s t e r e d  d i s t r i b u t i o n  among t h e  t r e e s  on t h e  
average;  however, s e v e r a l  t rea tments  tended t o  
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Figure 1.--Examples of spatial patterns and associated index values. 



F i g u r e  2,--Average s p a t i a l  d i s t r i b u t i o n  of 
seedlings by t r e a t m e n t  a f t e r  p l a n t i n g  and a f t e r  
t h e  s e c o n d  growing season .  I/ 

I l ' l i r ea tmen t  means w i t h i n  each  measurement p e r i o d  - 
h a v i n g  t h e  same l ~ t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  0,05 l e v e l .  

promote more c l u s t e r e d  d i s t r i b u t i o n s  than  
o t h e r s ,  The l e a s t  i n t e n s i v e  t r e a t m e n t s ,  
unprepared  and h e r b i c  ide-burn, e x h i b i t e d  t h e  
h i g h e s t  degree of u n i f o r m i t y  fol lowed by t h e  
most i n t e n s i v e  t r e a t m e n t s ,  shear-rake,  and 
shear - rake-d i sk ,  The in te rmedia te  t r e a t m e n t s  
e x h i b i t e d  random d i s t r i b u t i o n s ,  

S p a t i a l  p a t t e r n s  can p a r t i a l l y  be  
a t t r i b u t e d  t o  p l a n t i n g  technique  and t o  t h e  
amount and d i s t r i b u t i o n  of logging s l a s h  and 
r e s i d u a l  v e g e t a t i o n  l e f t  on t h e  s i t e  a f t e r  
h a r v e s t ,  Machine p l a n t i n g  could n o t  be used on 
t k e  unprepared  o r  herbicide-burn s i t e s  because 
r e s i d u a  1 v e g e t a t i o n  and s  l a s h  obs t r u c  t ed 
equipmee t . Consequent l y  , hand p l a n t  ing was 
r e q u i r e d  and a  r e l a t i v e l y  r e g u l a r  s p a t i a l  
d i s t r i b u t i o n  among s e e d l i n g s  r e s u l t e d ,  

S i t e s  t h a t  were raked provided.  a  r e l a t i v e l y  
smooth s u r f a c e  f o r  t h e  machine p l a n t e r  t o  
t r a v e r s e ,  which i n  t u r n  permi t ted  c o n s i s t e n t  and 
r e g u l a r  p l a n t i n g .  As t h e  amount and roughness 
of l o g g i n g  s l a s h  d i s t r i b u t e d  a c r o s s  a s i t e  
i n c r e a s e d ,  p l a n t i n g  p a t t e r n s  became more 
i r r e g u l a r .  The V-blade t r e a t m e n t ,  which was 

designed t o  c r e a t e  small  windrows of s l a s h  
between each row of s e e d l i n g s ,  caused a 
s i g n i f i c a n t l y  more c l u s t e r e d  d i s t r i b u t i o n  t h a n  
t h e  o t h e r  t r e a t m e n t s ,  The reason  f o r  t h e  
i r r e g u l a r  spacing i n  t h e  p r e s c r i p t i o n  can be  
a t t r i b u t e d  t o  i r r e g u l a r  accumulat ions of s l a s h  
which had be t o  s k i r t e d  by t h e  p l a n t e r .  The 
d i s t r i b u t i o n  of t r e e s  w i t h i n  a  row was f a i r l y  
r e g u l a r ,  while  t h e  d i s t a n c e  between rows was 
v a r i a b l e  a s  a  r e s u l t .  F igure  3 i s  an  example of 
t h e  type  of s p a t i a l  p a t t e r n  e x h i b i t e d  by p l o t s  
r e c e i v i n g  t h i s  t rea tment .  

V-BLADE 
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F i g u r e  3,--An example of t h e  s p a t i a l  p a t t e r n  
o f  s e e d l i n g s  a f t e r  p l a n t i n g  i n  p l o t s  i n  t h e  
s h e a r ,  v-blade t r e a t m e n t  a r e a s .  

The d i s t r i b u t i o n  of t r e e s  s u r v i v i n g  a f t e r  
two y e a r s  (F igure  2) was h i g h l y  dependent upon 
t h e  t r e e  d i s t r i b u t i o n a t p l a n t i n g ,  Among t h e  
machine p lan ted  t r e a t m e n t s ,  t h e  r e l a t i v e  s p a t i a l  
d i s t r i b u t i o n  of t r e e s  remained n e a r l y  t h e  same 
even though t h e r e  was a  l a r g e  s h i f t  toward a  
more c l u s t e r e d  p a t t e r n .  Consequently, t h e  V- 
blade  t rea tment  remained s i g n i f i c a n t l y  d i f f e r e n t  
from t h e  o t h e r s ,  Mand p lan ted  a r e a s  e x h i b i t e d  a  
much more dramatic  change from uniform toward 
c l u s t e r e d  d i s t r i b u t i o n s ,  The unprepared and 
herbicide-burn a r e a s  e x h i b i t e d  extremely v a r i b l e  
growing c o n d i t i o s s  t h a t  were l a r g e l y  t h e  r e s u l t  
o: t h e  r e s i d u a l  hardwood d i s t r i b u t i o n  and t h e  
e f f i c a c y  of t h e  h e r b i c i d e ,  Pockets  of f a v o r a b l e  
and unfavorab le  growing condi t ions  occur red  
which c r e a t e d  c l u s t e r e d  s p a t i a l  p a t t e r n s  among 
t h e  s u r v i v i n g  s e e d l i n g s ,  The o t h e r  s i t e  
p r e p a r a t i o n  p r e s c r i p t i o n s  tended t o  c r e a t e  more 
homogeneous s i t e  c o n d i t i o n s  and a s  a  r e s u l t ,  t h e  
d i s t r i b u t i o n  of t h e  m o r t a l i t y  was a p p a r e n t l y  
random. 

The s p a t i a l  p a t t e r n  of s e e d l i n g s  i s  of 
L i t t l e  consequence u n l e s s  it a f f e c t s  y i e l d ,  t h e  
product  mix, o r  t h e  h a r v e s t a b i l i t y  of t h e  f u t u r e  



stand.  To examine t h e  importance of s p a t i a l  
p a t t e r n s  wi th  regard  t o  t h e s e  f a c t o r s ,  computer 
s i m u l a t i o n s  us ing  t h e  observed s p a t i a l  p a t t e r n s  
w i l l  be employed t o  grow and h a r v e s t  t r e e s .  A 
distance-dependent i n d i v i d u a l  t r e e  growth 
s imula t ion  (Danie l s  and Burkhart 1975) w i l l  be 
used t o  grow t r e e s  and prov ide  growth and y i e l d  
in format ion ,  A h a r v e s t  s imula t ion  computer 
program w i l l  be used t o  e v a l u a t e  t h e  
h a r v e s t a b l i t y  of t h e  v a r i o u s  t rea tments  a s  
a f f e c t e d  by t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  
seed1 ings  . 

ACKNOWLEDGMENTS 

The a u t h o r s  a r e  g r a t e f u l  t o  Champion 
I n t e r n a t i o n a l  Corporat ion f o r  f i n a n c i a l  support  
of t h i s  s tudy  and f o r  t h e  e x t e n s i v e  support  
rece ived  from t h e i r  f o r e s t e r s  and s i t e  
p r e p a r a t  ion  and equipment personnel .  

LITERATURE C f TED 

Danie l s ,  R, F, and H. E. Burkhart.  
1975, Simulat ion of i n d i v i d u a l  t r e e  growth and 

s t a n d  development i n  managed l o b l o l l y  p i n e  
p l a n t a t i o n s ,  Div,of For ,  and W i l d l i f e  Res. 
VPI&SU. FWS-5-75, 69 p. 

Lantange, D. 0 ,  
1984. An e v a l u a t i o n  of s i t e  p r e p a r a t i o n  

methods f o r  t h e  regenera t ion  of l o b l o l l y  
p i n e  i n  t h e  Georgia and South Caro l ina  
Piedmont. Ph,DI D i s s e r t a t i o n .  Dept. of 
F o r e s t r y ,  VPIhSU. Blacksburg, VA. 24060. 
200 p. 

Payandeh, B. 
1970. Comparison of methods f o r  a s s e s s i n g  

s p a t i a l  d i s t r i b u t i o n  of t r e e s .  F o r e s t  S c i ,  
16:312-317. 

P i e l o u ,  E. 6 ,  
1959. The u s e  of point- to-plant  d i s t a n c e s  i n  

t h e  s tudy  of  t h e  p a t t e r n  of  p l a n t  
popula t ions .  J ,  Ecol. 47:607-613. 



IMPACTS OF VARIOUS INTENSITIES OF SITE PREPARATION 

1 I ON PIEDMONT SOILS AFTER 2  YEARS- 

2 1  James H. M i l l e r  and M. Boyd Edwards- 

Abs t rac t . - -S ix  l e v e l s  o f  s i t e  p r e p a r a t i o n  were a p p l i e d  
t o  rep1  i c a t e d  0.8-hectare p l o t s  a t  t h e  H i t c h i t i  
Exper imen ta l  F o r e s t  on t h e  Piedmont P l a t e a u  i n  c e n t r a l  
Georg ia .  Treatments ranged i n  i n t e n s i t y  f r o m  handc lea r ing  
t o  shear ing  and chopping t o  r o o t r a k i n g  and d i s k i n g  w i t h  
f e r t i l i z a t i o n  and h e r b i c i d e s .  S o i l s  were sampled b e f o r e  
t r e a t m e n t  a p p l i c a t i o n s  and a f t e r  1 and 2  years .  Cornposited 
b u l k  samples f rom 0-15 and 15-60cm were analyzed f o r  t e x -  
t u r e ,  pH, o r g a n i c  mat te r ,  and a v a i l a b l e  phosphorus, 
ca lc ium,  magnesi um, p o t a s s i  um, and sod i  um. S i x  c o r e  
samples (0-6cm) p e r  p l o t  were used t o  determine b u l k  den- 
s i t y ,  a v a i l a b l e  m o i s t u r e  h o l d i n g  c a p a c i t y ,  and t o t a l  p o r e  
space. The e a r l y  t r e n d s  o f  s o i l  impacts  are:  1) s o i l  
o r g a n i c  m a t t e r  and ava i  1  ab le  n u t r i e n t s  a r e  n o t  d i f f e r e n t  
among t reatments ;  2) pH o f  s u r f a c e  s o i l s  i nc reased  s l i g h t l y  
w i t h  i n c r e a s i n g  i n t e n s i t y  o f  t rea tment  i n  t h e  f i r s t  year;  
and 3) b u l k  d e n s i t y  s i g n i f i c a n t l y  decreased w i t h  d i s k i n g  
whi l e  p o r e  space increased.  

INTRODUCTION f o l l o w i n g  s i t e  p r e p a r a t i o n  wi 11 be presented.  
Ex tens ive  i n t e r p r e t a t i o n  o f  r e s u l t s  i s  n o t  y e t  

The renewable n a t u r e  o f  t h e  f o r e s t  resource  p o s s i b l e  due t o  t h e  p a u c i t y  o f  comparable 
depends on t h e  c o n s e r v a t i o n  and con t inued  produc- s tud ies .  
t i v i t y  of t h e  s o i  1  resource .  I n t e n s i v e  
m e c h a n i c a l  s i t e  p r e p a r a t i o n  i n  t h e  r o l l  i ng 
P iedmont  needs t o  be examined b o t h  f r o m  t h e  METHODS 
aspect  of adverse impacts  on sus ta ined  produc- 
t i v i t y  a n d  f r o m  long te rm b e n e f i t s  t o  t r e e  growth Study Area 
and vo lume p roduc t ion .  Very few i n v e s t i g a t i o n s  
have a t t e m p t e d  t o  d e l v e  i n t o  these  two c r u c i a l  
areas. Several p r e s e n t a t i o n s  a t  t h i s  conference 
w i l l  d i s c u s s  r e s u l t s  o f  such i n v e s t i g a t i o n s  and 
t h u s  make s i z e a b l e  c o n t r i b u t i o n s  t o  t h i s  vacant 
a r e a  o f  research.  The o b j e c t i v e  o f  t h e  research  
i n  t h i s  paper was t o  m o n i t o r  changes i n  n u t r i -  
t i o n a l  a n d  p h y s i c a l  s o i l  p r o p e r t i e s  t h a t  can 
i n f l u e n c e  es tab l i shment  and e a r l y  growth o f  a  
t r e e  c r o p .  R e s u l t s  from 2  consecu t i ve  years  

y ~ a p e r  p resen ted  a t  t h e  T h i r d  B i e n n i a l  
S o u t h e r n  S i l v i c u l t u r a l  Research Conference, 
A t l a n t a ,  Georgia, November 7-8, 1984, 

r )  1 

r I - A u t h o r s  a re  Research F o r e s t e r ,  Southern 
F o r e s t  E x p e r i m e n t  S t a t i o n ,  Auburn U n i v e r s i t y ,  
Auburn, Alabama, and Research E c o l o g i s t ,  
Southeas t e r n  F o r e s t  Exper iment  S t a t  ion,  Macon, 
Georgia. 

The s t u d y  area i s  a  34-ha t r a c t  l o c a t e d  on 
t h e  Piedmont a t  t h e  H i  t c h i  t i  Exper imenta l  Fo res t ,  
managed by t h e  USDA F o r e s t  Serv ice,  20 m i l e s  
n o r t h  o f  Macon, Georgia. The harves ted  s t a n d  was 
p r i n c i p a l l y  composed o f  l o b l o l l y  p i n e  ( P i n u s  
taeda L . )  w i t h  a  l e s s e r  component o f  mature and 
x n q - s i  zed hardwoods, m a i n l y  sweetgum 
( ~ i q u i a a m b a r  s t y r a c i f  l u a  L. ) and dogwood (Cornus 
f l o r i d a  L.  1. The w e -  and oos t -ha rves t  veqeta-  
t i o n .  was shmpfed and desc r ibed  by Edwards (1982) .  
The average s i t e  index f o r  l o b l o l l y  p i n e  was 80 
a t  50 years.  The p re -harves t  s tand was 
n a t u r a l  f y regenera ted  on eroded c o t  t o n  f i e l  ds 
t h a t  were abandoned i n  t h e  1930's.  

S o i l s  were comprised o f  f i v e  s e r i e s  which 
occur red  as eroded phases on t h i s  u n d u l a t i n g  
t e r r a i n ,  and were t y p i c a l  Piedmont c l a y e y  u l t i -  
s o l s  excep t  f o r  t h e  a l l u v i a t e d  s o i l s  on t h e  
lower  s lopes :  



S e r i e s  Fami l y  Subgroup 

a. C e c i l  c l  ayey Typ ic  H a p l u d u l t s  
k a o l i n i t i c  
thermir'c 

b, Davidson c l  ayey Rhodic P a l e u d u l t s  
k a o f i n i t i c  
the rm i  c  

c ,  Vance c'l ayey Typ ic  H a p l u d u l t s  
mi xed 
therrn ic  

d. Wi lkes loamy Typ ic  H a p l u d u l t s  
mi xed 
t h e r m i  c 

e. Congaree f i ne - loamy Typ ic  U d i f l u v e n t s  
mixed, nonac id  
the rm i  c  

Soi  1  s e r i e s  i n  t h e  s t u d y  area a r e  i n f l u e n c e d  by 
topography and a re  p o s i t i o n e d  r e l a t i v e  t o  t h r e e  
broad r i d g e s .  The r i d g e s  r u n  g e n e r a l l y  t o  t h e  
sou theas t  f rom a  main c u r v i n g  r i d g e  t h a t  i s  t h e  
west and nor thwes t  boundary. Wilkes s e r i e s  
occur  on t h e  long  s lopes,  Congaree s e r i e s  a r e  
a long  s t ream s ides,  and t h e  o t h e r s  a r e  on t h e  
up1 ands. The two i n t e r m i  t t e n t  streams 
s e p a r a t i n g  t h e  r i d g e s  have broad, f l a t  stream- 
s i d e  zones t h a t  d r a i n  i n t o  a  p e r e n n i a l  s t ream 
forming t h e  south and southwest boundar ies,  
Marshy areas have been exc luded  f rom t h e  s tudy  
area. 

Design and Treatments  

I n  t h e  s p r i n g  o f  1980, t h e  merchantable 
p ines  were harves ted  w i t h  no hardwood removal.  
The s i t e  l a i d  over  f o r  a  year .  I n  t h e  s p r i n g  o f  
1981, a randomized complete b l o c k  des ign  was 
e s t a b l  i shed us ing  approx imate ly  0.8- ha (2-a)  
p l o t s  w i t h  f i v e  b locks ,  each 4.8 ha (12 a), and 
s i x  t rea tments .  

The f i v e  b l o c k s  were l o c a t e d  by topograph ic  
p o s i t i o n .  Two b locks  were on w e l l - d r a i n e d  
r i d g e s ,  two were p o s i t i o n e d  on s i d e  s lopes,  and 
one was l o c a t e d  a long  t h e  up land  p o r t i o n s  o f  an 
i n t e r m i t t e n t  g u l l e y  and s t ream system. W i t h i n  
each b lock ,  two t o  t h r e e  s o i l  s e r i e s  occurred.  
A l though these  s e r i e s  were s i m i l a r ,  much 
v a r i a t i o n  i n  s u r f a c e  t e x t u r e  and o r g a n i c  m a t t e r  
was encompassed i n  t h e  s t u d y  area. 

The f o l l o w i n g  s i t e  p r e p a r a t i o n  t rea tments  
were a p p l i e d :  

1, Check (no s i t e  p r e p a r a t i o n ) - - P l o t s  
were harves ted  o n l y .  

2. Handc iea r - -A l l  t r e e s  g r e a t e r  than  
2.5 cm d.b.h, were f e l l e d  w i t h  a  
chainsaw i n  August 1981. 

3. Shear and chop--Sheari  ng was per formed 
w i t h  a  D7-s ized t r a c t o r  and a  KG-blade 
i n  September 1981. Chopping was done 
w i t h  a single pass o f  a  s i n g l e  drum 
chopper, A p p l i c a t i o n  was f rom 
September t o  November 1981. No b u r n i n g  
was per formed on t rea tments  3 and  4 due 
t o  poor weather c o n d i t i o n s .  

4. -- Shear, chop, and h e r b i c i d e - - I n  add i -  
t i o n  t o  t h e  shear ing  and chopping o f  
t rea tment  3, $ cc Vetpare G r i d b a l l "  
p e l l e t s  w i t h  10 percen t  a c t i v e  i n g r e -  
d i e n t  o f  hexazinone were a p p l i e d  i n  a  
g r i d  p a t t e r n  a t  a r a t e  o f  28 k g l h a  
( 2 5  l b s f a )  i n  March 1982. Heavy r a i n s  
a f t e r  appi i c a t i o n  and poor i n f  i f t r a t i o n  
caused t h e  h e r b i c i d e  t o  smear across 
t h e  p l o t s ,  y i e l d i n g  almost t o t a l  f i r s t -  
year  c o n t r o l  o f  bo th  herbaceous and 
woody p l a n t s ,  i n c l u d i n g  p l a n t e d  p i n e s .  
Approx imate ly  83 percen t  ba re  ground 
was observed on these  p l o t s  d u r i n g  t h e  
1982 qrowinq season. 

5, shear; r o o t r a k e ,  burn, and 
d isk - -Shear ing  and r o o t r a k i n g  i n t o  
windrows occur red  i n  September 1981. 
Good burns o f  t h e  w i ~ d r b w s  were 
achieved i n  October 1981. The 
remain ing d e b r i s  and ash were s c a t t e r e d  
over t h e  p l o t s  w i t h  a dozer blade; 
then, t h e  p l o t s  were d isked  w i t h  an 
o f f s e t  harrow t o  a depth o f  15-20 cm i n  
October 1981. 

6. Shear, r o o t r a k e ,  burn, d i sk ,  f e r t i l i z e ,  
and h e r b i c i d e - - S i  t e  o r e ~ a r a t  i o n  was the 

8 ,  

same as t rea tment  5. I n  a d d i t i o n ,  
m o n i u m  n i t r a t e  (34-0-0) was appl  i e d  
by hand a t  336 kgfha (300 l b s l a )  i n  
March 1983, and Oust@ Weed K i l l e r  w i t h  
75 pe rcen t  s u l  fometuron methy l  was 
a p p l i e d  a t  a  r a t e  o f  0.56 k g l h a  (0.5 
l b s l a )  i n  A p r i l ,  us ing  backpack 
sprayers.  Herbaceous weed c o n t r o l  was 
e s s e n t i a l  l y  100 percen t  d u r i n g  most o f  
t h e  1983 growing season. 

Improved l o b l o l l y  p i n e  seed l ings  ( 1 - 0  
s tock ) ,  ob ta ined  f rom t h e  Georg ia  F o r e s t r y  
Commission nursery ,  were p l a n t e d  by hand i n  
January and February  1982 on a  spac ing o f  1.8 x  
3  m ( 6  x  10 f t ) .  Seedl ing growth d a t a  has n o t  
been inc luded  i n  t h i s  p r e s e n t a t i o n .  

Sampl i ng 

Cornposited b u l k  s o i  1 samples were c o l l e c t e d  
f o r  analyses o f  n u t r i e n t s ,  o r g a n i c  mat te r ,  and 
t e x t u r e ;  and u n d i s t u r b e d  c o r e  samples were 
e x t r a c t e d  f o r  b u l k  d e n s i t y ,  po re  space, and 
a v a i l a b l e  water  de te rm ina t ions .  Sampling 



o c c u r r e d  i n  May o f  1981, 2982, and 1983, which 
was b e f o r e  s i t e  p r e p a r a t i o n  t rea tments  f a f t e r  
h a r v e s t i n g )  and d u r i n g  t h e  f i r s t  and second 
g r o w i n g  seasons, r e s p e c t i v e l y ,  May was con- 
s i d e r e d  an appropr i  a te  month f o r  sampl i n g  
because a v a i l a b l e  n u t r i e n t s  should be a t  a  
naxi inum l e v e l  by then  t o  s u s t a i n  uptake f o r  t h e  
e n s u i n g  growing season. Annual sampl i n g  was 
r e p e a t e d  a long two d i  agonal t r a n s e c t s  
es tab f  i s h e d  across t h e  p l o t s ,  and sampling 
p o i n t s  were l o c a t e d  e v e r y  7.6 m (25 f t ) .  At 
each p o i n t ,  tube samples were c o l l e c t e d  and com- 
p o s i t e d  f rom t h e  0- t o  15-crn (0- t o  & i n )  and 
15- t o  60-cm (6-  t o  24- in )  depths. T h i s  y i e l d e d  
two compos i ted  b u l k  samples by depth per  p l o t .  
A t  randomly  s e l e c t e d  sample p o i n t s ,  which3 
changed by year, s i x  co re  samples (132 crn ) pe r  
p l o t  w e r e  e x t r a c t e d  f rom t h e  upper 6 cm. Thus, 
60 compos i ted  samples and 280 core samples were 
c o l l e c t e d  and analyzed annua l l y .  

Analyses 

Cornposi t e  samples were prepared f o r  
a n a l y s e s  by  a i r  d ry ing ,  c r u s h i n g  o r  g r i n d i n g ,  
and s i e v i n g  t o  pass a  No. 10-mesh s i e v e  (2-m 
o p e n i n g s ) .  S o i l  n u t r i e n t s  were e x t r a c t e d  f rom 
d u p l i c a t e  5-g subsamples u s i n g  a weak double- 
a c i d  s o l u t i o n  ( N e h l i c h  1953), which y i e l d e d  a 
determi  n a t i o n  o f  t h e  r e a d i  l y  a v a i l a b l e  
n u t r i e n t s .  Phosphorus analyses were made 
a c c o r d i n g  t o  Watanabe and Olsen (1965), and 
c a t i o n s  (Ca, Mg, K, Na) were determined by 
atomic a b s o r p t i o n  spectroscopy. Organic m a t t e r  
was r e a d  as carbon on a carbon analyzer  and con- 
v e r t e d  t o  o rgan ic -mat te r  c o n t e n t  us ing  a  
c o n s t a n t .  A  1:l s o i l - w a t e r  m i x t u r e  was used t o  
r e a d  pH, P a r t i c l e - s i z e  d i s t r i b u t i o n  was d e t e r -  
mined b y  t h e  hydrometer method, For  de te rmin ing  
t o t  a1 p o r e  space and ava i  1 ab le  wa te r -ho ld i  ng 
c a p a c i t y ,  co re  samples Here a t tached  t o  ceramic 
d isks ,  soaked t o  s a t u r a t i o n ,  and then weighed. 
F o l l o w i n g  t h e  weighing procedure, t h e y  were 
resoaked .  Next a  g g r u n d - s i l i c a  s l u r r y  was used 
t o  a t t a c h  t h e  core -p lus -d isk  t o  a  p ressure  p l a t e  
and a  1/3-atm r u n  preceded a  15-atm run. Then 
t h e  samples were oven d r i e d  (OD). T o t a l  pore 
space in cub ic  cen t imete rs  was c a t c u l  a ted  by 
s u b t r a c t i n g  t h e  OD s o i l  weight  f rom t h e  
s a t u r a t e d  weight ,  A v a i l a b l e  water was c a l c u -  
l a t e d  b y  s u b t r a c t i n g  t h e  s o i l  weight  a t  15-atm 
t e n s i o n  from t h a t  a t  1/3-atm tens ion .  Bulk  
d e n s i t y  was c a l c u l a t e d  by d i v i d i n g  the  OD weight  
of s o i l  by  t h e  r i n g  volume, 

An a n a l y s i s  o f  va r iance  procedure f o r  
r e p e a t e d  -measures des i g n s  was used t o  compare 
p h y s i c a l  and n u t r i t i o n a l  s o i l  p r o p e r t i e s  by  
t r e a t m e n t ,  b lock,  year, and t rea tment  x b lock,  
I n  t h e  a n a l y s e s  o f  t h e  p h y s i c a l  p r o p e r t i e s ,  
t r e a t m e n t s  were grouped (1 and 2, 3  and 4, 5 and 
6 )  because o f  t h e i r  s i m i l a r  t rea tment  due t o  

l i k e  equipment passes. Analyses were a l s o  p e r -  
formed by p o o l i n g  t h e  2 years f o l l o w i n g  t r e a t -  
ment and a re  presented when s i g n i f i c a n t .  
P r o b a b i l i t i e s  l e s s  than 0.05 were cons idered  
s i g n i f i c a n t  . Percent va1 des were analyzed b y  
us ing  a r c s i n e  t rans fo rmat ions ,  Treatment and 
b lock  means were compared w i t h i n  each year  u s i n g  
Buncanis M u l t i p l e  Range Tests .  

RESULTS 

F e r t i l i t y  Changes 

S i t e  p r e p a r a t i o n  t reatments,  r a n g i n g  From 
an u n t r e a t e d  check t o  ve ry  i n t e n s i v e  t i l l a g e  
t reatments,  r e s u l t e d  i n  no s i g n i f i c a n t  
d i f f e r e n c e s  i n  s o i l  o rgan ic  m a t t e r  (OM) o r  i n  
avai  1  ab le  phosphorus (P) , p o t a s s i  um (K) , c a l c i u m  
(C a), magnes i um (Mg) and sodi  um (Na) when com- 
pared w i t h i n  sample years ( f i g .  I and 2 ) .  
Year ly  s h i f t s  i n  mean n u t r i t i o n a l  p r o p e r t i e s  
occur red  i r r e s p e c t i v e  o f  t reatment  d u r i n g  t h e  
2  years a f t e r  a p p l i c a t i o n .  

The ' log ica l  p a i r s  o f  s i m i l a r  mechanical 
passes (1+2, 3+4, 5+6) do n o t  i n d i c a t e  s i m i l a r  
responses o f  n u t r i t i o n a l  l e v e l s ;  however, t he  
weed c o n t r o l  a d d i t i o n s  t o  t reatments 2, 4, and 6  
cou ld  have changed uptake and m i n e r a l i z a t i o n  
r a t e s  and thus  separated such s i m i l a r i t i e s .  I n  
t h i s  constext,  i t  i s  o f  i n t e r e s t  t o  no te  t h a t  o f  
a l l  t h e  t reatments,  the  lowest  l e v e l s  i n  s u r f a c e  
s o i l s  o f  OM, P, and Mg, a l though not  s i g n i f i -  
cant,  occur red  on t reatment  4 f o l l o w i n g  t h e  
t o t a l  v e g e t a t i o n  c o n t r o l  i n  t h e  f i r s t  growing 
season, Also, t h e  herbaceous weed c o n t r o l  on 
t reatment  6 i n  t h e  second growing season d i d  n o t  
r e s u l t  i n  increases o r  decreases i n  a v a i l a b l e  
n u t r i e n t s ,  except  increased P ( 0  t o  15 crn) and 
decreased Na ( 0  t o  15 cm), which were n o t  s i g n i -  
f i c a n t  b u t  apparent.  

S i g n i f i c a n t  d i f f e r e n c e s  were found i n  s o i  1  
pH i n  t h e  second and f i r s t - p l u s - s e c o n d  years,  
f o r  t h e  0- t o  15-cm depth ( t a b l e  1 ) .  The pH o f  
the  s o i l  tended t o  increase w i t h  increases i n  
i n t e n s i t y  o f  c u l t u r a l  t reatment ,  which was n o t  
as e v i d e n t  a t  t h e  15- t o  60-crn depth. 

B lock d i f f e r e n c e s  were s i g n i f i c a n t  f o r  OM 
f o r  b o t h  depths, w i t h  one upland b lock  hav ing  
the  h i g h e s t  amounts and the  b l o c k  along an 
i n t e r m i t t e n t  s t ream having t h e  lowest.  The same 
upland b lock  had a s i g n i f i c a n t l y  h i g h e r  average 
pH f o l l o w i n g  t rea tments  f o r  t h e  0- t o  15-cm 
depth. The o n l y  o t h e r  b lock  d i f f e r e n c e  was i n  
the  second year; a  s ide -s lope  b l o c k  had s i g n i f i -  
c a n t l y  h i g h e r  & a  ( b o t h  depths) and lower  K (O- 
t o  15-cm depth) .  
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Figure 1. Organic matter and available phosphorus and potassium in soils sampled at 
two depths and for one and two years after site preparation (S.P.) treatments. 



YEAR YEAR 
Figure 2. Available calcium, magnesium, and sodium in soils sampled at two depths 

before and for one and two years after site preparation (S.P.) treatments. 
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Tab le  2.--Overall y e a r l y  means o f  ava i l ab le  nu t r i en t s ,  pH, and organic mat ter  by sampling depth 
and years a f t e r  s i t e  p repara t ion  treatments. 

Depth T i  me OM P K Ca M!J Na PW 

l ' ~ e a n s  w i t h i n  a sampling depth and i n  a column fo l lowed by t he  same l e t t e r  are no t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t he  0.05 l e v e l .  

T a b l e  3.--Means of phys ica l  p rope r t i es  o f  samples c o l l e c t e d  before and dur ing  t he  f i r s t  and 
second growing seasons a f t e r  s i t e  p repara t ion  treatments. 

Mechanical 
Treatments Before lSt ~r znd y r  lSt ~r + znd ~r 

None 
S hear+Chop 
Shear+R.R.+Disk 

None 
S hear+Chop 
Shear+R.R.+Disk 

None 
She ar +C hop 
Shear+R.R.+Disk 

AVAILABLE WATER-HOLDING CAPACITY ( %  by V O ~ )  

POR ESP ACE ( %) 

L /~rea tment  means l i s t e d  i n  a column fo l l owed  by no l e t t e r ,  o r  t h e  same lower-case l e t t e r  are no t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  0.05 l eve l .  Likewise, o v e r a l l  means i n  a row fo l lowed by t he  
same upper-case l e t t e r  are no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  0.05 l e v e l .  



Table 4.--Overal l  means o f  s o i l  t e x t u r e  analyzed before,  and one and two years a f t e r  s i t e  
p r e p a r a t i o n  t rea tments  

Par t i c le  
S i z e  Be fo re  lSt Y r  znd ~r Before I§t ~r znd ~r 

Sand 1/ 49 8- 47 a 59 b 37 a 

S i l t  25 a 24 a 15b 23 a 

GI ay 26 a 29 a 25 a 40 a 

Tex tu re  sandy sandy sandy c l  ay c l  ay sandy 
C l ass c l  ay c l  ay c l  ay loam 1 oam c l  ay 

loam loam loam loam 

L'lrleans w i t h i n  a sampl ing depth and i n  a row f o l l o w e d  by t h e  same l e t t e r  a re  no t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  0.05 l e v e l .  

Lantagne (1984), i n  a s i m i l a r  s tudy  i n  t h e  
Piedmont, a l s o  found no t rea tment  d i f f e r e n c e s  i n  
t h e  same f e r t i l i t y  p r o p e r t i e s  when analyzed by 
year .  He noted a general t r e n d  o f  i ncreas ing  
o r g a n i c  m a t t e r  and a v a i l a b l e  phosphorus i n  t h e  
su r face  s o i l s  f o r  a l l  t reatments.  These same 
t r e n d s  a r e  a l s o  e v i d e n t  i n  f i g u r e s  1 and 2. 
Increased o rgan ic  m a t t e r  i n  su r face  s o i l s  should 
t r a n s 1  a te  t o  he ightened ava i  1 ab le n u t r i e n t s  as 
mi n e r a l  i z a t i o n  occurs. Banker e t .  a1 . (1983) 
a l s o  r e p o r t e d  a genera l  i nc rease  i n  a v a i l a b l e  
macro -nu t r ien ts ,  e s p e c i a l l y  P, f o l l o w i n g  
r o o t r a k i n g  t reatments i n  t h e  Georg ia Piedmont. 
Campbell (1973) found t h a t  phosphorus and 
c a l c i u m  inc reased  s i g n i f i c a n t l y  d u r i n g  t h e  f i r s t  
year  a f t e r  d i s k i n g  b u t  n o t  a f t e r  chopping. I n  
Texas, S t ransky  e t .  a l .  (1983) found t h a t  
phosphorus increased m a i n l y  a f t e r  burn ing.  
Treatments 5 and 6 o f  t h e  c u r r e n t  study, which 
i n c l u d e d  d i s k i n g  and burn ing,  had t h e  h i g h e s t  
phosphorus l e v e l s  i n  t h e  f i r s t  year, though n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  

Another l i m i t a t i o n  o f  t h i s  s t u d y  i s  t h a t  
c r i t i c a l  comparisons o f  w i t h i n - p l o t  v a r i a t i o n  
a r e  no t  o b t a i n a b l e  because samples were com- 
p o s i t e d  by p l o t .  A l though t h i s  i s  a c o m o n  p r o -  
cedure ( a l s o  used by Lantagne 1984, Banker e t ,  
a1 . 1983, S t ransky  e t  . a1 . 1983 and Campbell 
19731, t h e  changes i n  m i c r o s i t e  can n o t  be 
assessed w i t h  such data, e s p e c i a l l y  changes i n  
t h e  d i s t r i b u t i o n  o f  f e r t i l i t y  as t h e y  may 
i n f l u e n c e  even ly  spaced p i n e  seed1 ings.  
R e d i s t r i b u t i o n  of t o p s o i  1 and o rgan ic  m a t t e r  
c h a r a c t e r i z e s  most s i t e  p r e p a r a t i o n  t reatments,  
p a r t i c u l a r l y  windrowing and bedding. But com- 
p o s i t e d  samples mere ly  p r o v i d e  an assessment o f  
t h e  average f e r t i l i t y  f o r  a t reatment ,  combining 

t h e  h i g h  and low values.  Thus, t h e  v a r i a t i o n  i n  
f e r t i l i t y ,  t h a t  e s p e c i a l l y  should occur  w i t h  
windrowing, i s  masked. Glass (1976) examined 
windrows on a Piedmont s i t e  i n  Nor th  C a r o l i n a  
and found t h a t  t h e  0- t o  6-an 1 ayer had 340% 
m r e  phosphorus, 325% more calcium, 117% more 
magnesium, 36% more potassium, 21% more o rgan ic  
mat ter ,  and 20% more sodium than  t h e  i n t e r -  
windrow 1 ayer . Concentrated t o p s o i  1 and 
n u t r i e n t s  have a l s o  been r e p o r t e d  f o r  windrows 
i n  t h e  f latwoods ( M o r r i s  e t .  a1. 1983). Thus, 
f u r t h e r  s t u d i e s  a re  needed t o  descr ibe  m i c r o s i  t e  
v a r i a t i o n  and changes i n  f requency o f  f e r t i l i t y  
l e v e l s  as t h e y  i n f l u e n c e  e a r l y  p i n e  e s t a b l i s h -  
ment. 

The s l i g h t  increases i n  pH, found w i t h  
i n c r e a s i n g  i n t e n s i t y  o f  s i t e  p r e p a r a t i o n  
( t a b l e  I ) ,  shou ld  t r a n s l a t e  i n t o  increased 
avai  l a b i  1 i t y  o f  macro -nu t r ien ts  ( P r i  t c h e t t  
1979). As a c i d i t y  o r  hydrogen-ion con- 
c e n t r a t  i ons  decrease, exchangeable macro- 
n u t r i e n t s  (N, P, K, Ca, Mg, and Mg) become more 
avai  1 ab le and m i n e r a l i z a t i o n  r a t e s  o f  o rgan ic  
mat te r  a re  increased.  

The absence o f  an uncut c o n t r o l  s tand i s  
another l i m i t a t i o n  o f  t h i s  study, because y e a r l y  
changes under u n t r e a t e d  c o n d i t i o n s  i n  b o t h  
f e r t i l i t y  and p h y s i c a l  p r o p e r t i e s  can n o t  be 
ascer ta ined.  The changes i n  o v e r a l l  y e a r l y  
means f o r  most p r o p e r t i e s  and f o r  b o t h  depths i n  
t a b l e  2 must be assumed t o  be caused by a 
combinat ion o f  t h e  h a r v e s t i n g  in f luence ,  s i t e  
p r e p a r a t i o n  t reatments,  and n a t u r a l  year- to-year  
changes. For t h e  most p a r t ,  t h e  unprepared 
t reatment  1 shows t h e  same p a t t e r n  o f  change 
( f i g .  1 and 2)  and thus  lends more weight t o  t h e  



harves t  i n f l u e n c e .  Removal o f  t he  ove rs to r y  
canopy a t  harvest adds logg ing  deb r i s  and 
changes a2 1 i n p u t  var iab les  t o  t he  so i  1  by 
i n c r e a s i n g  p r e c i p i t a t i o n  and decreasing l i t t e r -  
f a l l ,  w h i l e  temporar i l y  decreasing t r a n s p i r a t i o n  
and n u t r i e n t  uptake. For a  p lot -average study 
approach, these changes due t o  harves t  may mask 
t h e  s i t e  p r e p a r a t i o n  impacts. Obviously, an 
ecosystem approach, w i t h  c a r e f u l  desc r i p t i ons  o f  
t h e  n u t r i e n t  budgets and how they  vary  on micro- 
s i t es ,  i s  requ i red  t o  f u l l y  understand the  
complex processes t ak i ng  p lace  a f t e r  s i t e  p re -  
pa ra t i on  t rea tments .  

Physical  P rope r t i es  

The decreases i n  bu l k  dens i t y  and increases 
i n  pore space found w i t h  d i sk i ng  have been shown 
t o  improve  growth o f  l o b l o l l y  p ines (Hatche l l ,  
1970; Fo i  7 and Ra ls ton  1967). Root growth i s  
enhanced because o f  t h e  prevalence o f  accessib le 
pores and the absence o f  r es i s t ance  found i n  
compacted so i  1s. Campbell (1973) a lso  repor ted  
t h a t  chopp ing  d i d  no t  increase average bu l k  den- 
s i t y  when compared t o  t h e  un t rea ted  check, bu t  
d i sk i ng  d i d  r e s u l t  i n  a  s i g n i f i c a n t  decrease. 

Avai l a b l e  water-hold ing capac i t y  was no t  
d r a s t i c a l  1 y  a l t e r e d  by t he  mechanical t r e a t -  
ments. Banker and co-workers (1983) showed t h a t  
i n f i l t r a t i o n  was decreased by roo t rak i ng  on a  
Piedmont s i t e .  However, i f  i n f i l t r a t i o n  i s  
a l t e r e d  b y  treatments, then t h e  amount o f  s o i l  
water recharge  i s  a l t e r e d  and deserves c l ose r  
study. Again,  t he re  i s  some i n d i c a t i o n  t h a t  
o v e r s t o r y  removal dur ing  harvest  may i n f  1  uence 
t h e  so i  1  p h y s i c a l  p rope r t i es  , s ince  decreases i n  
bu l k  dens i t y  from year one t o  year two and 
changes i n a v a i l  able water occurred i r r e s p e c t i v e  
o f  t r ea tmen t .  
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FIRST-YEAR SURVIVAL OF PLANTED LONGLEAF PINE BARE-ROOT 

AND CONTAINER STOCK AS AFFECTED BY SITE PREPARATION AND RELEASEL/ 
2 / Wi l l i am  D, Boyer- 

Abstract,--The e f f e c t  o f  f i e l d  cond i t i ons  on f i r s t -  
year  s u r v i v a l  o f  both long lea f  p i ne  1-0 bare-root  and 
container-grown seedl ings was s tud ied  a t  f i v e  l oca t i ons  i n  
Georgia, represent ing  a v a r i e t y  o f  Coastal P l a i n  s i t e s .  
Two i n t e n s i t i e s  o f  p re -p lan t ing  s i t e  p repara t ion  were each 
combi ned w i t h  two pos t -p l  ant  i ng  re lease  t reatments ( re lease  
w i t h  a he rb i c i de  o r  no re lease) ,  P lan t i ng  was done i n  
e a r l y  March 1983. A1 1  t reatments s i g n i f i c a n t l y  a f f e c t e d  
s u r v i v a l ,  Surv iva l  was b e t t e r  f o r  con ta iner  (80%) than 
bare-root  stock (59%). Surv iva l  was b e t t e r  w i t h  t h e  h igher 
(77%) than w i t h  t he  lower (62%) i n t e n s i t y  o f  s i t e  prepara- 
t i o n .  Release 4 months a f t e r  p l a n t i n g  reduced s u r v i v a l  
(61%) from t h a t  o f  unreleased seedl ings  ( 79%) . None o f  t h e  
t reatments s i g n i f i c a n t l y  a f f ec ted  seed l ing  r o o t - c o l l a r  
diameter a f t e r  1 year i n  t he  f i e l d .  

INTRODUCTION 

Poor s u r v i v a l  o f  p l an ted  l ong lea f  p ine  has 
been a  problem i n  Georgia, where p l a n t i n g  
f a i l u r e s  are a l l  t oo  comon. Longleaf p ine  has 
long  had a  repu ta t i on  as a  d i f f i c u l t  species t o  
regenerate, e i t h e r  n a t u r a l l y  o r  a r t i f i c i a l l y .  
Repeated l ong lea f  p l a n t i n g  f a i l u r e s  have r e i n -  
f o r ced  t h i s  repu ta t ion ,  even though i t  may be 
l a r g e l y  undeserved (Mann 1969, Fa r ra r  and White 
1983 1 . As a  r e s u l t  , other  species have been 
favored over longleaf, desp i te  t he  many favorable 
a t t r i b u t e s  o f  t h e  species. 

The poor su rv i va l  o f  p l an ted  long lea f  p ine  
most l i k e l y  can be a t t r i b u t e d  t o  one o r  more o f  
t h ree  factors.  These are: Q u a l i t y  o f  nursery  
stock; care  i n  handl ing, storage, and p lan t ing ;  
and f i e l d  cond i t ions  a t  t h e  t ime o f  p l a n t i n g  and 
dur ing  t he  c r i t i c a l  f i r s t  year. Successful 
p l  ant ing  o f  long lea f  p ine  requ i res  ca re f  u1 a t ten-  
t i o n  t o  d e t a i l s  beginning a t  t he  nursery  and 
con t i nu ing  through p l an t i ng ,  as o u t l i n e d  by 
several  authors (Mann 1969, Mhi t e  1979, Fa r ra r  
and White f 983). 

L'paper presented a t  Southern S i  l v i c u l t u r a l  
Research conference, At1 anta, Georgi a, 
Novem r 7-8, 1984. 

$The author i s  P r i n c i p a l  S i l v i c u l t u r i s t  a t  
t h e  George W, Andrews F o r e s t r y  Sciences Laboratory, 
Auburn, AL, mainta ined by t h e  Southern Fores t  
Experiment Stat ion,  Forest  Service--USDA, i n  
cooperat ion w i t h  Auburn Un i ve rs i t y ,  

Th is  s tudy i s  concerned w i t h  t he  e f f e c t  o f  
f i e l d  cond i t ions ,  p a r t i c u l a r l y  t he  degree o f  p re -  
and pos t -p l an t i ng  compet i t ion  con t ro l ,  on t h e  
su rv i va l  o f  long lea f  p ine  on a  wide range o f  
coas ta l  p l a i n  s i t e s  i n  Georgia. 

FgETHODS AND PROCEDURES 

Locat i o n  

F i ve  s i t e s  i n  Georgia were se lec ted  f o r  t h i s  
study, as f o l l ows :  

1. B u t l e r  (Tay lo r  County). A sandhi 11s 
s i t e  w i t h  a  sandy sur face s o i l  > 36" i n  depth. A 
tu rkey-b l  ue jack  oak type. 

2. Soperton (T reu t l en  County). A sandy, 
m d e r a t e l y  we l l -d ra ined  mi ddle coas ta l  p l a i n  
s i t e .  Sandy sur face s o i l  under la id  by sandy c l a y  
loam a t  22"-24" depth. 

3. Waycross (Ware County). A sandy, p o o r l y  
dra ined f la twoods s i t e  w i t h  h igh  water tab le .  
Sandy sur f  ace so i  1  unde r l a i d  a t  20'-22' by sandy 
c l a y  loam. Lower coas ta l  p l a i n  palmetto- 
gal 1  b e r r y  type. 

4. Valdosta (Lowndes County). A deep sandy 
s i t e ,  sandy sur face s o i l  > 36" i n  depth, w i t h  
h igh  water t ab le .  Lower coas ta l  p l a i n  hardwood 
bay type, 

5. A1 bany (Doughetry County). A sandy 
middle c o m p l a i n  s i t e .  Sandy sur face s o i l  
unde r l a i n  a t  8"-10" depth by sandy loam t o  sandy 
c l a y  loam subso i l ,  grading t o  compact sandy c l a y  
a t  2011-241t. 



Treatments 5. A1 bany 

F o u r  t reatments were es tab l i shed  a t  each 
s tudy  l o c a t i o n  except Albany. These t reatments 
i n c l u d e d  two i n t e n s i t i e s  o f  p re -p l  ant  i ng  s i t e  
preparal;ion, designated: 

1, Low. Complete removal o f  a l l  t rees ,  
hardwood and pine,  p l u s  one mechanical pass (chop 
o r  ha r row)  f o r  r es i dua l  brush c o n t r o l .  

2, High. Same as above, p l u s  a d d i t i o n a l  
mechanic&-ss (chop or  harrow) f o r  improved 
c o m p e t i t i o n  con t ro l .  

Each  o f  t he  two s i t e  p repara t ion  t reatments 
were s p l i t ,  f o r  a p p l i c a t i o n  o f  two pos t -p l an t i ng  
re l ease  treatments, as f o l l o w s :  

1. Release. Yelparm L app l i ed  as a spray 
a t  a r a t e  o f  one pound a. i .  per acre, (0.75 pound 
on B u t l e r  sandh i l i s  s i t e )  i n '  water, t o  make about 
30 ga l .  o f  spray per acre. P l o t s  were sprayed 
from t h e  ground, us ing  a small  c rawler  t r a c t o r  
equ ipped  w i t h  a c l u s t e r  nozzle. A l l  spraying was 
done d u r i n g  t he  p e r i o d  J u l y  6-8, 1983. 

2. No re lease.  

A t  each loca t ion ,  about t h ree  acres were s e t  
as ide  for the  study, w i t h  one-half (14 acres) f o r  
each o f  two i n t e n s i t i e s  o f  s i t e  preparat ion,  
Each o f  these was s p l i t  f o r  a p p l i c a t i o n  o f  t he  
two p o s t - p l a n t i n g  re lease  treatments. S i t es  were 
p repa red  i n  t he  f a1  1-winter  o f  1982-83, as 
f o l l ows .  

1. B u t l e r  

a. Low s i t e  prep. Clearcut ,  s i n g l e  
c h o p .  

b. High s i t e  prep. Clearcut ,  sheared 
=pi led, double-chop. 

Low s i t e  prep. Clearcut ,  burn, a *  7 
s ~ n g l e  chop. 

b. High s i t e  prep. Clearcut ,  burn, 
double harrow. 

3. Waycross 

a. 5 s i t e  prep. Clearcut ,  s i n g l e  
chop. 

b. High s i t e  prep. Double harrowed 
( o l d  f i e l d ,  no t  cu tover ) ,  

4. Valdosta 

a. Low s i t e  prep. Clearcut ,  sheared 
3 p i l ed ,  s i n g l e  harrow. 

b. High s i t e  prep. Clearcut ,  sheared 
and p i l ed ,  double harrow. 

a. Low s i t e  p r e p ,  Hot f a l l  burn only.  
b, High s i t e  prep, None. 

The Albany s i t e  has a r e s i j u a l  long lea f  p i ne  
ove rs to r y  averaging about 20 f t  basal area per  
acre. A burn was t he  on ly  s i t e  p repa ra t i on  
treatment. This l o c a t i o n  was omi t ted  f rom t h e  
experimental design, a l though i t  was s p l i t  f o r  
re lease  treatments, and marked seedl ings were 
p e r i o d i c a l  l y  examined. 

P I  ant i n g  

Longleaf p i ne  1-0 bare-root  and con ta i ne r  
s tock were both p l an ted  on at1 study p l o t s .  

About 10,000 1-0 bare-root  seed1 i ngs, a1 1 
from €,A. Wauss (Atmore) Nursery i n  Alabama, were 
used i n  t h i s  study. These seedl ings were l i f t e d  
February 24, and t ranspor ted  t o  t he  study area on 
February 26, 1983. A l l  nursery  seed1 i ngs  were 
machine p l an ted  w i t h  a W h i t f i e l d  p l a n t e r  p u l l e d  
by a c rawler  t r a c t o r ,  

About 1,900 container-grown seedl ings were 
obta ined f rom a Southern S t a t i o n  Research Work 
U n i t  (RWU-1102) a t  P i n e v i l l e ,  LA, and were about 
25 weeks o l d  when p l a n t i n g  began. They were 
grown i n  10 cubic i nch  RL S ing le  Ce l l s@ f i l l e d  
w i t h  a 1:l pea t - ve rm icu l i t e  medium. Seedl ings 
were removed from the  p l a s t i c  tubes i n  t h e  f i e l d ,  
and t he  p lugs were hand p lan ted  using a d i bb le ,  

A l l  seed1 ings  were p lan ted  a t  a spacing o f  
about 6 x  12 f e e t  (600 t rees /acre) .  I n  each o f  
t he  f o u r  t reatment  p l o t s  per l o c a t i o n  ( two  p l o t s  
a t  A1 bany) , about 500 bare-root  and 100 con- 
t a i n e r  seedl ings were p lanted.  

P lan t i ng  i n  a normal, opera t iona l  manner 
began March 1 and was completed March 10, 1983. 
A l l  bare-root  and con ta iner  stock were p lanted,  
w i t h  no i n t e n t i o n a l  c u l l i n g  based on s i z e  o r  
cond i t i on .  Wi th in  each t reatment  p l o t ,  100 bare- 
r o o t  and 50 con ta iner  seedl ings were marked f o r  
observat ions o f  s u r v i  va1 and growth. F i  ve 
20-seedl ing row segments o f  bare-root  s tock  and 
f i v e  10-seedl ing row segments o f  con ta iner  
seedl ings were i d e n t i f i e d  i n  each p l o t .  The 
f i r s t  seed l ing  i n  each sample row segment was 
marked w i t h  a p i n  and t ag  i d e n t i f y i n g  t h e  row 
segment. Each sample seed l ing  w i t h i n  row 
segments was marked w i t h  a f l a g  p in,  

Measurements 

Surv i  va l  o f  a1 1 marked seed1 i ngs ( 100 bare- 
r o o t  and 50 con ta iner  s tock per t reatment-  
combination) was cheeked a t o t a l  o f  s i x  t imes  
dur ing  t he  f i r s t  year from p lan t ing ;  f i v e  t imes 
from A p r i l  through September 1983 and, f i n a l l y ,  
February 1984. 



Seed1 i rig root-col 1 ar di ameter was measured 
and recorded for a11 sample seedlings in one row 
segment out of five for both bare-root and 
container stock to permit growth comparisions 
among treatments, No sample seed1 ings were in 
active height growth (0.5 f t  or more in height to  
base o f  terminal bud)  i n  February 1984, after one 
year in the f ield.  Only a 20 percent subsample 
of all  sample rows was taken, since root collar 
measurements can disturb both the seedling and 
i t s  imedi ate environment. 

The percent of vegetative cover on a 6-ft 
wide belt centered on each sample row segment was 
estimated to the nearest 10 percent. These 
estimates, made in September 1983 at  a1 1 loca- 
tions except Butler, were completed in October 
1983. 

Analysis of variance, with significance at 
the 0.05 level, was used to determine effects of 
treatments on recorded variables in th is  sp l i t -  
sp l i t  plot experiment. 

RESULTS 

Seed1 i ng Survi val 

Seed1 ing survival at end of the f i r s t  growing 
season in the f ield was significantly affected by 
a l l  treatments. Overall survival of longleaf 
pine seedlings averaged 69.8 percent. Among the 
eight treatment combinations, however, average 

seedling survival ranged from a low of 48.8 per- 
cent for bare-root stock with low s i te  prep 
sprayed for release to a high of 97.5 percent for 
container stock with high s i t e  prep not sprayed 
for release (Table I ) .  Survival differed most 
ktween container (80%) and bare-root stock f 59%) . 
Seedl ing survival was better with high s i t e  prep 
177%) than with low f62%), Seedling release with 
1 iqui d Velpare adversely affected seed1 ing sur- 
vival, which averaged 61 percent compared to 79 
percent for seedlings without release. None of 
the interactions in the analysis were signifi- 
cant, Transforming survival percents (arcsin 

did not change the results. 

Despi te  the broad range of si,te condi t ions_ 
represented in the study, differences among the 
four locations in seedling survival were not 
great enough to be significant for bare-root and 
container stock separately or for both combi ned. 
Survival was consistently.better for container 
than for bare-root stock at al l  locations, 
including Albany that was omitted from the 
analysis (Table 2 ) .  Mortality associated with 
release varied considerably among locations, b u t  
was worst for both types of planting stock on the 
sandhills s i t e  at Butler, even though the her- 
bicide rate had been reduced to  0.75 I b a. i ./acre 
at  this location. 

The best treatment combination was high s i t e  
preparation without release, Under these con- 
ditions, survival was satisfactory everywhere 
(over 75%) except for bare-root stock on the 
sandhills s i t e  at  Butler (Table 3 ) .  

Table 1.--First-year survival of pl anted longleaf pine according to seed1 ing type, s i t e  preparation, 
and release. 

Seed1 i ng type High s i t e  prep. Low s i t e  prep. Aver age 
Re1 ease No release Release No Release 

Bare-root stock 50.8 
Container stock 85.5 

Aver age 68.2 86 .O 53.6 11.2 69 '8 

Table 2.--First-year survival of plknted longleaf pine at each study location. 

Location Bare-root stock 
Release No Release 

Container stock 
Release No Release 

Butler 
Val dosta 
Waycross 
Soperton 
A 1  bany 

Average 50 66 16 89 



Table 3.--First-year su rv i  va l  o f  p l an ted  long lea f  
p ine  w i t h  best  treatment-combination 
(h i gh  s i t e  prep-no re l ease ) .  

L o c a t i  a n  Bare-root  
s tock 

Contai ner 
s tock 

But 1er  
Val dos t a  
W aycro s s  
Sopert  a n  

A v e r  age 75 98 

A major f a c t o r  a f f e c t i n g  f i r s t - y e a r  s u r v i v a l  
o f  any p lan ted  p ines i s  drought dur ing  t he  
g r o w i n g  season. Severe sp r i ng  and sumner 
d roughts ,  widespread i n  Georgi a  du r i ng  1984, 
a f f e c t e d  some study l oca t i ons  much more than 
others, 

T h e  most severe r a i n f a l l  de f i c i enc ies  were 
r e c o r d e d  near B u t l e r  and Soperton, At Bu t l e r ,  
r a i n f a 3  1 was on l y  about 30 percent  o f  normal i n  
May, 2 0  percent i n  Ju l y ,  and 53 percent  i n  
September. There were 21 consecut ive days i n  May 
w i t h  a  t o t a l  o f  o n l y  0.10-inch o f  r a i n ,  14 con- 
s e c u t i v e  days i n  J u l y  w i t hou t  r a i n  and, l a t e r ,  29 
consecu t i ve  r a i n l e s s  days beginning August 5. On 
sandhi I 1s s i t e s ,  w i t h  deep, excess ive ly -d ra ined 
sandy s o i l s ,  t he  e f f e c t s  o f  drought are expected 
t o  be more severe than on o ther  coas ta l  p l a i n  
s i t e s ,  espec ia l l y  those w i t h  h igh  water tab les .  
A t  Soperton,  r a i n f a l l  was o n l y  about 18 percent  
of normal  i n  May, 25 percent  i n  Ju ly ,  and 72 
p e r c e n t  i n  August. From l a t e  A p r i l  t o  mid-May, 
t h e r e  were  21 consecut ive days w i thou t  r a i n .  
J u l y  h a d  19 consecut ive days w i t h  a  t o t a l  o f  on l y  
0 .11- inch  o f  r a i n ,  and August had 15 consecut ive 
r a i n l e s  s  days. 

R a i n f a l l  a t  Waycross was 22 percent o f  
normal i n  May and 67 percent  i n  August. I n  May 
t h e r e  we re  18 consecut ive days w i t h  a  t o t a l  o f  
j u s t  0.31-inch o f  r a i n .  J u l y  had 14 consecut ive 
r a i n l e s s  days. 

Va ldos ta  d i d  no t  have any month d e f i c i e n t  i n  
r a i n f a l l ,  al though t h e r e  were 16 consecut ive days 
w i t h o u t  r a i n  i n  Ju ly .  At Albany, o n l y  J u l y  was 
d e f i c i e n t  i n  r a i n f a l l ,  a t  52 percent  o f  normal, 
a l t h o u g h  t he re  were 14 consecut ive days w i thou t  
r a i n  i n  July ,  and 16 consecut ive r a i n l e s s  days i n  
August. 

Excep t  f o r  bare-root  s tock a t  Bu t l e r ,  
d i f f e rences  among l o c a t i o n s  i n  drought s e v e r i t y  
d i d  no t  appear t o  i n f l uence  seed1 i n g  su rv i va l .  

Some seed1 i n g  mor ta l  i t y  occurred a t  t h e  
Valdosta l o c a t i o n  due t o  f lood ing  and ponding of 
water f o r  r e l a t i v e l y  long  periods. A l l  Flooded 
seedl ings were i n  t h e  low s i t e  prep p o r t i o n ,  and 
a1 1  died. F i ve  percent  of t he  seedl ings a t  t h a t  
l o c a t i o n  were a f fec ted .  

Poor p l a n t i n g  of bare-root  seed1 i ngs ( t o o  
sha1 low o r  t oo  deep), and a lso  t he  pro longed 
f l o o d i n g  a t  Valdosta, a f fec ted  an es t imated  10 
percent  o f  a7 7 seedl ings, w i t h  associated mor - 
t a l  i t y  o f  about 4  percent, Poor p l a n t i n g  and 
f lood ing ,  together ,  accounted f o r  about 10 percent  
o f  a1 1 m o r t a l i t y  recorded through t h e  f i r s t  year, 

Some m o r t a l i t y  may a l so  be associated w i t h  
seedl ing s i ze  and v igor ,  as a l l  l i v i n g  seed l ings  
were p l an ted  w i t h  no attempt t o  c u l l  o r  grade by  
s i ze .  Most o f  t he  recorded m o r t a l i t y ,  however, 
appears t o  be associated w i t h  s i t e f t r ea tmen t  
cond i t ions .  I n  t he  analyses ( w i t h  s u r v i v a l  
percents t ransformed a rcs i n  ) 
recorded s i t e l t r e a t m e n t  cond i t ions  accounted f o r  
72 percent o f  t he  t o t a l  observed v a r i a t i o n  i n  
su rv i va l  . 

Seedling Size 

A f t e r  one year i n  t he  f i e l d ,  average 
seed l ing  r o o t - c o l l a r  diameter was 0.52-inch, w i t h  
container-grown sf i g h t l y  l a r g e r  (0.55-inch) than 
bare-root  s tock (0.49-inch), The d i f f e r e n c e  was 
not  s i g n i f i c a n t .  None o f  t he  t reatments had a  
s i g n i f i c a n t  e f f e c t  on seedl ing r o o t - c o l l a r  
diameter a t  end o f  f i r s t  year i n  t he  f i e l d .  

Vegetat ion Dens i ty  

Vegetat ive ground cover percent assoc i ated 
w i t h  each t reatment  and l o c a t i o n  was es t imated  
i n  t h e  f a l l  o f  1983. Release was t he  o n l y  t r e a t -  
ment s i g n i f i c a n t l y  a f f e c t i n g  ground cover, which 
averaged 19 percent  f o r  re leased p l o t s  and 38 
percent  f o r  unreleased p l o t s .  The i n t e n s i t y  o f  
p re -p lan t ing  s i t e  p repara t ion  had no e f f e c t  on 
cover, which was p r ima r i  1y herbaceous vegeta t ion ,  
Vegetat ive ground cover on unreleased p l o t s  
ranged f rom a  low o f  19 percent  on t he  sandhi 11 s  
s i t e  a t  B u t l e r  t o  a  h igh  o f  62 percent a t  
Waycross. 

The s u r v i v a l  o f  con ta i ne r i zed  seedl ings 
du r i ng  t he  f i r s t  year was f a r  super io r  t o  t h a t  o f  
bare-root  nursery  stock, The d i f f e r e n t i a l  was 
g rea tes t  on t he  d r y  s a n d h i l l s  s i t e ,  where 94 
percent  o f  t he  unsprayed conta iner  s tock surv ived  
compared t o  62 percent  o f  bare-root  stock. These 
seed l ings  surv ived  severe Nay and July-August 
droughts. The super io r  s u r v i v a l  o f  con ta i ne r  
over bare-root  stock on s a n d h i l l s  s i t e s  has been 
observed elsewhere (Goodwin 1980). Conta iner ized  



seedl i ngs seem better able to  withstand environ- 
mental stress than bare-root stock during the 
f i r s t  year after planting, If this  is so, 
containerized seedl ings should be preferred over 
bare-root seedl ings for pl ant ing on severe si tes .  

Intensi ve advance preparation of the 
planting s i t e  can improve the f irst-year survival 
of longleaf pine seed7 ings, according to results 
of this  study, The degree of response to more 
intensive s i t e  preparation varied among loca- 
tions, being entirely absent on the sandhills 
s i t e  for both types of planting stock. 

Release spraying with Velpare L reduced 
longleaf seed1 ing survi val considerably. Except 
for  the sandhills s i t e ,  containerized seedlings 
suffered relatively light mortality from the her- 
bicide compared to bare-root stock. I t  may prove 
desirable to defer herbicide treatment until the 
second year after planting, particularly for 
bare-root stock. By then, surviving seed1 ings 
should be well established and better able to 
withstand the spray. 

While the herbicide treatment reduced 
seed1 ing survival, i t  had not significantly 
improved the growth of survivors by year end. 
The treatment did significantly reduce herbaceous 
competition. Whether th is  will improve seedling 
growth during their second year remains to be 
seen. 
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SUSTAINED RESPONSE OF PLANTED S L A S H  PINE 

TO SPAClNG AMD SITE PREPARATION A/ 

T a r r y  I .  Sarigumba 

Abstract.--In 1958 a s t u d y  w a s  made t o  test t h e  e f f e c t s  
of d i f f e r e n t  s p a c i n g s  and site p r e p a r a t i o n  t r e a t m e n t s  on 
t h e  p r o d u c t i v i t y  of  s l a s h  p i n e  ( P i n u s  e l l i o t t i i  v a r .  
el 1 i o t t i  Engelm, 1 p l a n t e d  on d i f f e r e n t  s o u t h e a s t e r n  
c o a s t a l  p l a i n  soils. R e s u l t s  o b t a i n e d  2 5  y e a r s  a f t e r  
i n s t a l  1  a t i  on showed t h a t  bedding and har rowi  ng had si gni  - 
f  i c a n t l y  i n c r e a s e d  t h e  p r o d u c t i v i t y  of t h e  s o i  l s invo lved  
and t h a t  t h e  latter w a s  more e f f e c t i v e  t h a n  t h e  former ,  
T h i s  s t u d y  a l s o  showed t h a t  p l a n t i n g  s p a c i n g  is a h i g h l y  
impor t an t  a s p e c t  of  e f f e c t i v e  p l a n t a t i o n  management. ......................................................... 

Dur ing  t h e  1950s, t h e  growing 
i n t e r m s t  i n  i n t e n s i v e  f o r e s t  management 
w a s  sgjrri csusl y  i mpedad by u n c e r t a i  n t  i as 
a b o u t  t h e  manaqemmt tools needed f o r  e f -  
f e c t i v e  p l a n t a t i o n  e s t a b l i s h m e n t  (Worst 
1944).  P r a c t i t i m e r s  d u r i n g  t h a t  p e r i o d  
wanted  t o  know: 1) t h e  i n i t i a l  d e n s i t y  a t  
which p i n e  trees s h o u l d  b e  p l a n t e d  f o r  
optimum s t o c k i n g ,  2) e f f e c t i v e  site pre-  
p a r a t i o n  methods t h a t  would e n s u r e  goad 
s u r v i v a l  and growth, and 3) t h e  i n f l u e n c e  
of s o i l  proper t ieas  on t h e  e f f e c t i v e n e s s  of  
s p a c i n g  and s i te p r e p a r a t i o n .  

To a d d r e s s  t h o s e  q u e s t i o n s ,  a un i form 
s t u d y  was i n s t a l  l e d  on s i x  s e p a r a t e  a r e a s  
r e p r e s m n t i n g  t h e  r a n g e  of p i n e  sites found 
on t h e  l a n d s  c o n t r o l l e d  by t h e  Brunrwick 
Pu lp  Land Company (BPLCO) i n  s o u t h e a s t  
Geo rg i a .  S o i l s  i nvo lved  i n  t h i s  s t u d y  a r e  
shown i n  T a b l e  1. 

Each s i te  was p a r t i t i o n e d  i n t o  1-acre 
b l o c k s  and randomly a s s i g n e d  t o  seven  tree 
s p a c i n g s .  Each b lock  w a s  e v e n l y  d i v i d e d  
i n t o  f o u r  s u b - p l o t s  and each  of t h e s e  w a s  
a s s i g n e d  a p a r t i c u l a r  s i te  p r e p a r a t i o n  
t r e a t m e n t .  The smvm s p a c i n g s ,  r ep1  i c a t e d  

------------------- 
&/ Paper  p r e s e n t e d  at Sou the rn  Si 1- 

vi c u l  t u r a l  Research  Conference ,  A t 1  a n t a ,  
Georg ia ,  November 7-8, 1984. A p p r s l c i a t i m  
is axtendced t o  A l  Mollitor, CRIIF Program 
Manager, Uni v e r s i  t y o+ F l  ctridia, f o r  do ing  
t h e  a c t u a l  p r e s e n t a t i o n .  

21 Research F o r e a t e r ,  Brunswi c k  Pu lp  
Land Company, P. O. Box 860, Brunswick, 
W o r g i a  31521. 

t w i c e  i n  e ach  l o c a t i o n ,  w e r e  ( i n  f e e t ) :  
6 x 6, b x 10, 8 x 8, 6 x 12, 8 x 12, 
10 x 10, and I 2  x 12, S i t e  p r e p a r a t i o n  
t r e a t m e n t s  inc luded:  

A, CONTROL - N o  t r e a t m e n t  

B. SCALP - A f t a r  bu rn ing  i n  December, 
1957, a Math is  f i r e l i n e  plow pushed 
o u t  d e b r i s  and 1 t o  2 i n c h e s  o f  t o p  
sail . 

C. BED - A f t e r  bu rn ing  i n  May, 1957, 
t h e  ground w a s  p l a w d  i n  s t r i p s  
u s i n g  a D-4 C a t e r p i l l a r  tractor and 
Ma th i s  f i r e l i n o  plow which c r e a t e d  
deep fur rows .  The fur rowed s t r i p s  
w e r e  t h e n  p u l l e d  back wi th  a n  A thens  
f i r a l i n e  harrow t o  form a p l a n t i n g  
bed w i th  a r a i s e d  c e n t e r .  

D. HARROW - S i m i l a r  t o  C e x c e p t  t h e  
ground was harrowed t w i c e  w i t h  a 
7-f oat Rome o f f  srt harrow, 

T a b l e  1. Some s o u t h e a s t e r n  coastal p l a i n  
soi 1s and t h e i r  s e l e c t e d  p r o p m r t i s r .  

-- i n c h e s  -- 
O r s i  no  16-24 - moder a t  ol y w o l  l 
Chip l ey  - - modera t e ly  w e l l  
Leon 14-30 - somewhat poo r  
Masca t t e  16-28 30-36 poor  
Ol u s t e e  12-16 12-20 poor  
Pel ham - 26-36 poor 
* Bh = o r g a n i c  pan or s p o d i c  h w i z e n  

Bt = clay or a r q i l l i c  h a r i z o n  



S l a s h  p i n e  s e e d l i n g s ,  1-0 s t o c k ,  w a r s  
d i bb l e -p l an t ed  i n  J anua ry ,  195B. Measure- 
ments  w a r e  made 4, 10, 14, 20, and 25 
y e a r s  a f t e r  i n s t a l  l a t i a n ,  Because t h e  
test on t h e  Ch ip l ey  soi 1 was damaged by 
w i ld  f i r s  and t h e  one  on Olustoa w a s  ha r -  
v e s t e d  b e f o r e  a g e  25, r e s u l t s  from t h e s e  
tests are exc luded  from t h i s  r e p o r t .  

A s  shown i n  T a b l e  2, volume y i e l d s  
a t  a g e  20 i n  s o m e  s p a c i n g  g r o u p s  ware n o t  
s i g n i f  i c a n t l y  d i f f e r e n t .  For  i n s t a n c e ,  
volume y i e l d s  i n  t h e  6 x 10, 8 x 8, and 
6 x  12  w a r s  n o t  s t a t i s t i c a l l y  d i s t i n c t  and 
t h e  s a m e  w a s  t r u e  f o r  t h o s e  i n  t h e  8 x 12  
and 10 x 10  spac ings .  The re fo r e ,  o n l y  t h e  
s p a c i n g s  ce1etctPd t o  r e p r e s s n t  e ach  d i r -  
t i n c t  g roup  a r e  i n c l u d e d  i n  t h i s  paper .  
Fu r the rmwe ,  t h i s  r e p o r t  is con f ined  te 
t h o  s p a c i n g s  t h a t  r e p r e s e n t  a  p r o g r e s s i v e  
doub l i ng  i n  p l a n t i n g  d m s i t y :  6 x 6, 
6 x 12, and 1 2  x 12. 

T a b l e  2. Main e f f e c t s  of  s p a c i n g s  of s l a s h  
p i n e  volume a t  a g e  20, 

Snacinass V o l  umq 
( f  eat 1 ( c o r d W a c r s )  
6 x 6  2 8  a * 

12 x 12  16 d  
* Values  b e a r i n g  d i  f  f ersant 

letters are s i g n i f i c a n t l y  
d i f f e r e n t  a t  .0J l e v e l .  

Measurements made a t  a g e  4  showed 
l a r g e  h e i g h t  v a r i a t i o n s  caused  by soil  and 
site p r e p a r a t i o n  t r e a t m e n t s  ( t a b l a  3 ) .  A t  
later ages ,  t h e  F-values  d e c l i n e d  b u t  a t  
a g m  29, t h e y  w e r e  still v e r y  h i g h l y  s i g n i -  
f i c a n t ,  i n d i c a t i n g  t h a t  what proved t o  b e  
s i g n i f i c a n t  at a g e  4 had remained t h e  s a m e  
t h rough  a g e  25. The i n t s r r ac t i an  between 
sail and s p a c i n g  s t a r t e d  wmakly b u t  became 
s t r a n g e r  a* a g e  29, On t h e  c thw hand, 
t h e  i n t e r a c t i o n  b a t m a n  soil and site pre-  
p a r a t i a n  t r a a t m a n t  last its s i g n i f i c a n c e  
from a g e  20 t o  23, a f t -  s t a r t i n g  s t r o n g l y  
a t  a g e  4, 

I n  t e r m s  of t h e  a v e r a g e  trra h e i g h t  
across a l l  s p a c i n g s  a t  a g e  4, t h e  t a l  l e n t  
trees w e r e  observed  on t h e  O r s i n o  soil 
w h i l e  t h e  smalleat o n e s  w e r e  f m n d  on t h o  
Leon soil (Tab l e  4 ) .  On t h e  o t h e r  hand, 
t h e  main e f f e c t s  of  s p a c i n g  showed no  s i g -  
n i f  i c a n t  d i f f e r e n c e  a t  911. On t h e  O r s i n o  
soil ,  t h e  b a s t  s p a c i n g  i n  t e r m s  of h e i g h t  
growth w a s  6 x 12, 12 x 12  on t h e  Leon, 
and 6 x  6 on t h e  Pelham. 

Af tes showing n o  s i g n i f i c a n t  res- 
ponse  t o  s p a c i n g  earliw, h e i g h t  growth 
became more s e n s i t i v e  t o  s p a c i n g  a s  a g e  
i n c r e a s e d .  By a g e  25, trsrr i n  t h r  
12  x 1 2  s p a c i n g  w a r s  c o n s i d e r a b l y  t a l l e r  
t h a n  t h o s e  i n  thm 6 x 6 or 6 x 12. Ex- 
c e p t  on t h e  O r s i n a  sail whore t h e  ta l  last 
trres w e r e  i n  t h e  6 x 12 p l o t s  at a g e  25, 
t h e  tallest t r e m s  w e r a  ob se rved  i n  t h e  
12  x 1 2  s p a c i n g  on t h e  o t h e r  roi 1s .  

The main e f f e c t s  of  site p r a p a r a t -  
i o n  t r e a t m e n t s  w a r e  o n l y  1 f  t, a p a r t  a t  
a g e  4 (Tab l e  4 ) .  But a t  a g e  25, h e i g h t  
r a n g e  had i n c r e a s e d  from 4 8  f t .  for t h e  
s c a l p  t r e a t m e n t  t o  54 f t .  f o r  t h o  harraw. 

T a b l e  3, The a f f e c t s  of soil ,  s p a c i n g ,  and site pre-  
p a r a t i o n  on s l a s h  p i n e  h e i g h t  a t  d i f f e r e n t  ages .  

SOURCES OF _.---------- AGE MEASURED ----------- 
V&R I AT I ON 4 10  14  20 25 

--u--------- F-VWUES ------------- 
S O I L  (fa1 PSmO** 104.9+* 34.6** 10o4*+ 14.4** 
SPCICING CB3 2.7 3.1* 0.4 5.?* 45.0** 
A x B  3. l* 5.2- 2-4  2.8* 8.9** 
SITE PREP ( C )  253.8** 122.4** 85,4** 31.i** 21.4+* 
A x C  31,5** 9.2+* 2.9* 2.0 2.0 
B x C  1.9 2.1 1.3 1.0 0.7 
A x B x C  1.3 2.2 1.7 1 , 7  1 • Q 
L e v e l s  of  si g n i  f i cance: +=. 0S **=. 01 



f a b l e  4,  The e#+ects oS s o i l ,  s pac ing ,  and s i t e  p r e p a r a t i o n  t r e a t m e n t s  
on s l a s h  p i n e  h e i g h t  a t  a g e  4 and 25. 

------ SPACING ------ ---- SITE PREPAR4TION ---- 
---_ll__l_l_llj_L.l_I.----------------- 

7 awx 8 s w  B ax S a y  4 a y  8 a x  T a w  7 a  
LEON 4 bwx 4 bcx 3 bw 4  awx 4 bx 5 c w  4 cx 4 b  
MASCOTTE 3 c w  3 c w  3 b w  3 c w  Z e x  3 d w  3 d w  3 c  

AGE 25 
ORSIND 47 bcy 35 aw 52 cx 4 3  aby  47 'toy 2SZ awx 55 aw 51 a b  
LEQN 49 ax 51 cx 57 a w  51 awx 50 ax 54 awx SS a w  52 a 
MASCOTTE 46 c y  53 bwx SS bw 49 abx 48 abx 54 aw 54 aw 51 b  

* S i  t e  p r e p a r a t  i on t r ~ a t m e n t  s: AmCONTRaL i BnSGALP: G=BED; DmHARROQJ 

Va lues  b e a r i n g  d i f f  e r e n t  letters a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  
.05 l e v e l .  U s e  a, b, c, d  t o  compare column-wise: w, x, y  t o  
compare row-wi ae, 

Height  v a r i a t i o n s  a t  a g e  25 w e r e  
even wider  at t h e  i n t e r a c t i a n  l e v e l  which 
showled t h a t  t h e  b e s t  r e s p o n s e  to s i te  prta- 
p a r a t  i o n  had been c o n s i s t e n t l y  observed  
on t h e  Or s ino  s o i  1.  Fo r  t h e  Ors ino ,  Leon, 
and M a s c o t t e  soil  s, har rowing  appeared  
t o  b e  t h e  b e s t  t r e a t m e n t  w h i l e  f o r  t h e  
Pe l  ham scli 1 ,  bedding had s t i m u l a t e d  t h e  
b e s t  h e i g h t  growth. T h i s  is an expec t ed  
r e s u l t  from such  a p o o r l y  d r a i n e d  sail. 
The s c a l p  t r e a t m e n t  produced t h e  s m a l l -  
est t r ee  r e g a r d l e s s  of  so i l ,  I n  f a c t ,  
e f f e c t s  of t h e  s c a l p  t r e a t m e n t  w e r e  w o r s e  
t h a n  t h o s e  of  t h e  c o n t r o l .  

As shown i n  T a b l e  5, t h e  e f f e c t s  of 
soil o n  s l a s h  p i n e  volume w e r e  h i g h l y  s i g -  
n i f  i c a n t  a t  agm $0 b u t  w e r e  r educed  t o  
n e a r  non-s ign i f  i c a n c e  a t  agea 25, V a r i  - 
a t i o n s  i n  volume caused  by s p a c i n g  w e r e  
h igh1  y s i g n i f i c a n t  a t  ago  3.0 and rdamained 
t h e  s a m e  t h r o ~ g h  a g e  25. How~v~)P, thcare 
is some kind  of b i a s  i n  t h e  e f f e c t s  of  
s p a c i  mg . The ci g n i  f  i c a n c ~  of t h e  F-val u e s  
area n o t  due  t o  s p a c i n g  because  
s t o c k i n g  l e v e l s  associated wi th  tho d i9 -  
f  e r e n t r  s p a c i n g s  r anged  Q r o m  250 *a 1OOO 
trees p e r  acre. The main e991hacts of  site 
p r e p a r a t i o n  t r e a t m e n t s  w e r e  i n i t i a l l y  v e r y  
s t r o n g  and remained s t r o n g  u n t i l  a g a  25. 
S i g n i f  i c o n t  i n t e r a c t i o n s  between sail and 
si te p r e p a r a t i o n  on t h o  cna hand and bet- 
wen s p a c i n g  and si te p r e p a r a t i o n  on t h e  
o t h e r  w e r e  observed  d w i n g  t h e  10 th  t o  
1 4 t h  year b u t  thmse @++acts had dfsap- 
pcaarecd a f  t a rwa rds ,  

T a b l e  5, The e f + e c t s  of soi l ,  s p a c i n g ,  and 
s i te  p r e p a r a t i o n  on s l a s h  p i n e  volume 
at d i + Q e r e n t  age s ,  

A & /  1&3.3** 54.4** 23.2** 5.2* 
B 62.7** 21.6** !39,1** 53,6*+ 

C S w  B 13.3*+ 4. l* 2.7+ 2.8* 
C 127.2** 89.7+* 76,6** 26.7** 

A x C  3&.6** 6 . 3 ~ ~  2.6 1.9 
B x G  8-5.M, 2.6 1.6 0.4 
A x B x C  4-1* 112 2 - 3  1 a 0 
1/ A s s o i l  B ~ s p a c i n g  Cmsi te  p r e p a r a t i o n  - 

I n  t e r m s  of a v e r a g e  volume across a1 l 
soils ,  t h e  a f f e c t s  of t h e  t h r e e  s p a c i n g s  
wre h i g h l y  d i s t i n c t  (Tab l e  6 ) .  P l o t s  w i t h  
6 x  12 s p a c i n g  produced 9 c o r d s / a c r a  more 
t h a n  t h o o a  w i th  12 x 12. T h i s  w a s  cear- 
t a i n l y  duo t o  tho f a c t  t h a t ,  a s  w i l l  be 
shown later, t h e  s u r v i v i n g  trees i n  t h e  
B x  12 s p a c i n g  exceeded by 244 treor/acre 
t h o s e  i n  t h a  62 x 12, However, a l t h o u g h  
t h e  s u r v i v i n g  trees i n  t h o  b x  b s p a c i n g  
e x c ~ e d e d  by 386 t r e e s l a c r e  t h o s e  i n  t h e  
B x  32, t h e  y i e l d  d i  f + e r e n e e  was o n l y  S 
cords/acrm.  +hi=  is a s t r o n g  i n d i c a t i a r i  
t h a t  a n e a r  optimtlm s t o c k i n g  w a s  a t t a i n e d  
i n  t h a  6 x  1 2  spac ing ,  t h a t  trees i n  t h o  
B x  6 had succumbed tc a v w - c r o d i n q ,  and 
t h a t  i n  t h a  12 x 32 spac ing ,  growing spaem 
w a s  n o t  9 u l l y  u t i l i z e d .  

A* t h e  i n t e r a c t i o n  l e v e l ,  t h e  s p a c i n g  
@++acts on the Lean, Mawatte, and Pelham 
soils +allawed thm same trmnd a s  t h e  main 



e f f e c t s ,  On t h e  O r s i n a  s o i l ,  however, 
t h e  b x 12 p l a t s  had exceeded  i n  volume 
y i e l d  t h e  b x b p l o t s ,  T h e  d r a i n a g e  
c h a r a c t e r i s t i c s  ( T a b l e  1 1  of t h i s  soi l  m a y  
have  a c c e n t u a t e d  t h e  s e v e r i t y  a9 compet- 
i t i o n  due  t o  crowding. 

The main e f f e c t s  a9  s i t e  p r e p a r a t i o n  
on volume y i e l d  H e r e  a l s o  s h a r p l y  d i s t i n c t  
(Tab l e  6). The trees i n  t h e  bedded p l a t s  
produced 4 c a r d s l a c r e  m o r e  t h a n  t h e  con- 
t rol  w h i l e  t h e  harrowed p l o t s  y i e l d e d  6 
c o r d s l a c r e  m o r e  t h a n  t h e  c o n t r o l .  On t h e  
o t h e r  hand, t h e  p l o t s  r e c e i v i n g  t h e  s c a l p  
t r e a t m e n t  weke 3 c o r d s / a c r e  i n f e r i o r  i n  
p r o d u c t i v i t y  t o  t h e  c o n t r o l .  

A t  t h e  i n t e r a c t i o n  l e v e l ,  ha r rowing  
w a s  t h e  b e s t  t r e a t m e n t  on t h e  Ors ino ,  
Leon, and Mascot te  soi 1 w h i l e  bedding 
appea re d  t o  b e  s f  i g h l y  b e t t e r  on t h e  Pe l -  
ham soil. Because of poor  d r a i n a g e ,  t h e  
Pelham and Mascot te  so i l s  s h o u l d  have  be- 
n e f i t e d  m o r e  f rom bedding. Probably ,  t h e  
trees, e s p e c i a l l y  t h o s e  on t h e  Mascot te  
so i l ,  responded more t o  r e d u c t i o n  i n  weed 
c o m p e t i t i o n  accompl i shed  by har rowing ,  

The e f f e c t s  of t h e  s c a l p  t r e a t m e n t  
bea r  some impor t an t  i m p l i c a t i o n s .  3f 
moving a s m a l l  p o r t i o n  .of t h e  t a p  soi 1 
ove r  su ch  a smal l  d i s t a n c e ,  a s  was done 
i n  t h i s  s t u d y ,  had made a  b i g  r e d u c t i o n  
i n  p r o d u c t i v i t y  a f  t h e  p l a n t e d  s l a s h ,  
t h e n  push ing  b i g  chunks  of t a p  soil f a r -  
t h e r  away from t h e  p l a n t e d  trees, a s  is 
done i n  s o m e  windrowing a c t i v i t i e s  on un- 

s u i t a b l e  sites, c o u l d  b e  m o r e  damaging, 
e s p e c i a l l y  when t h e  t o p  sail is l i m i t e d  
or d o e s  n o t  e x i s t .  

P r o j e c t i o n  c u r v e s  based  on t h e  vo l -  
ume growth t r e n d  obse rved  t h rough  a g e  20 
on t h e  Or s ino  soil  i n d i c a t e d  t h a t  by a g e  
25, t h e  trees i n  t h e  p l o t s  r e c e i v i n g  t h e  
harrow t r e a t m e n t  would o u t y i e l d  t h o s e  i n  
t h e  6 x 6 p l o t s  r e c e i v i n g  t h e  s a m e  t r e a t -  
ment (F ig .  1 ) .  The c u r v e s  a l s o  i n d i c a t e d  
t h a t  t h e  trees i n  t h e  12 x 12 p l o t s  would 
p u l l  even i n  volume y i e l d  w i th  t h o s e  i n  
t h e  6 x 6 p l a t s  by a g o  25, A s  shown on 
T a b l e  7 ,  t h e  6 x 12 c u r v e  d i d  go  ove r  t h e  
6 x 6 c u r v e s  b u t  t h e  12 x 12 c u r v e  f a i l e d  
t o  make i t  t o  t h e  p r o j e c t e d  i n t e r s e c t i o n  
p o i n t .  

I n  Fig.  2, volume y i e l d s  of p l o t s  
t h a t  r e c e i v e d  t h e  harrow t r e a t m e n t  on t h e  
O r s i n o  soil are shown by s p a c i n g  and d i a -  
m e t e r  c l a s s e s .  The total  volume y i e l d  a t  
a g e  25 i n  t h e  6 x b s p a c i n g  w a s  5 c o r d s  
less t h a n  i n  t h e  6 x 12. S i n c e  t h e  majo- 
r i t y  of t h e  s u r v i v i n g  trees i n  t h e  6 x 6 
s p a c i n g  w e r e  i n  t h e  5-6 i n c h  s i z e  r a n g e  
w h i l e  t h o s e  i n  t h e  b x 12 s p a c i n g  w e r e  on 
t h e  7-9 i n c h  s i z e  r ange ,  b a t t e r  p roduc t  
qua1 i t y  f u r t h e r  enhanced t h e  s u p e r i o r i t y  
of t h e  6 x 12 s p a c i n g  o v e r  t h e  6 x 6. The 
volume y i e l d  i n  t h e  12 x  12 s p a c i n g  w a s  32 
c o r d s / a c r e ,  6 c o r d s  less t h a n  i n  the 6 x  6 
b u t  more t h a n  h a l f  of t h i s  y i e l d  w a s  ac- 
counted  f o r  by trees t h a t  w e r e  9 i n c h e s  i n  
d i  ameter o r  1 a r g e r  . 

T a b l e  8. The e f f e c t s  of soi l ,  spac ing ,  s i te  
p r e p a r a t i o n  on s l a s h  p in@ voluma a t  a g e  25. 

-------------em SOIL  --------------- 
ORSX NO LEON MASCOTTE PELHAM AVE, ---------------- co rds / s c r e  ------------- 

SPFIC I NG 
b x 8 35 ax * 40 a w  3 4  ax 39 awx 37 a 
6 x 1 2  3 6 a w x  3 2 b x  32 a x  27 by 32 b  

12 x 12 22 bw 23 cw 24 bw 22 c w  25 c 

CONTROL 27 cdwx 31 abw 28 bx 27 bcwx 28 c 
SCALP 24 dxy 29 bwx 21 cy  25 cxy 25 d 
BED 30 bcx 35 a w  33 awx 31 abwx 32 b  
HARROtS 36 a w  35 aw 35 a w  29 atrcx 34 a 
=It, GIVE 30 xy 32 wx 2 9  Y 28 Y 

* Values  b e a r i n g  d i f f e r e n t  letters a r e  s t a t i s t i c a l  l y  
d i f f s r e n t ,  Use a, b, c, and d  to compare column-wise3 
w z  X ,  and y  to ccmg;rarr rcw-wfse. 



o h  

AGE 

FIG. I. VOLUME TREND OF PLANTED SLASH 
PINE RECEIVI NO HARROW TREATMENT 
ON A N  O(PSIN0 SOIL. 

FIG. 2. VOLUME WSmtBOTION 8Y DIA- 
OF 25-YEAR-OUD 

PLANTED SLASH PINE OIV OFtStNO 
SOIL RECEIVING A HARROW TREAT- 
MEW. 

A t  age 14, r e s p a n s e  t o  t h e  har row 
t r e a t m e n t  i n  t h e  b x 6 s p a c i n g  w a s  & c o r d s  
p e r  a c r e  ( T a b l e  71. A t  age 25, s u c h  re%- 
panse  camp le t e l  y d i s appea red .  I n  t h e  
b x 12 spac ing ,  responsm s t a r t e d  w i t h  13 
c o r d s  a t  ago 14, cl imbed t o  15 c a r d s  at 
a g e  20, and went back down t o  10 c o r d s  at 
age 25. T h i s  is a c l e a r  i n d i c a t i o n  t h a t  
t h e  trees i n  t h e  & x 1 2  p l a t s  had s t a r t e d  
ts succumb t o  crowding s h o r t l y  a f t e r  a g a  
20 on t h i s  Ohs ina  soil .  I n  t h e  12 x 12 
spac ing ,  r e s p o n s e s  t o  t h e  harrow t r e a t m e n t  
w a r e  11, I&, and 1'7 c e r d s i a c r e  a t  a g e  14, 
20, and 2 5  r e s p e c t i v e l y -  A v a i l a b i l i t y  of 
growing s p a c e  a p p a r e n t l y  had c o n t i n u e d  t o  
s t i m u l a t e  volums growth r e s p o n s e  t o  t h e  
harrow t r e a t m e n t  t h rough  a g e  25. 

T a b l e  7. The e f f e c t s  a f  s p a c i n g  on t h e  
volume r e s p o n s e  a f  s l a s h  p i n e  p l a n t e d  
a n  an  O r s i n o  soil  a t  d i f f a r a n t  age=. 

12 x 12  CONTROL 3 10 15 

The e f f e c t s  of s p a c i n g  on s u r v i v a l  
arm shawn on T a b l e  8. A t  ago 4, s u r v i  v a l  
p e r c e n t a g e s  w e r e  88, 90# and 89 f o r  t h e  
6 x 6, 6 x 12, and 12  x 12  s p a c i n g s ,  res- 
p e c t i v e l y .  Howaver, s u r v i v a l  rate is a 
m i  sl e a d i  ng parameter  f o r  a n a l  y s i  s p a r t  i cu- 
l a r l y  when i n i t i a l  s t o c k i n g s  a r e  d i s s i m i -  
l a r .  I n  t h i s  case, dead trees at a g e  25 
w e r e  145, 60, and 33 treeslacre f a r  t h e  
& x 6, b x 12, and $2 x l 2  s p a c i n g s ,  rec- 
p e c t i v e l y ,  d e s p i t e  t h e  f a c t  t h a t  t h e  SUP- 

v i  v a l  p e r c e n t a g e s  w s r e  n ea r1  y i d m t i c a l  , 

S u r v i v a l  i n  the 6 x b s p a c i n g  dm- 
c l i n e d  t a  72% by a g e  20 and remainad t h e  
samm through, a g e  23, rsr.Clsc$ing a total  
m o r t a l i t y  of 339 t r e e r l a c r e .  In  t h e  
B x 12  spac ing ,  81% a+ t h r  p l a n t e d  trees 
s u r v i v e d  and 2 1 3  t r e e s l a c r e  w e r m  i n  t h e  
m o r t a l i t y  column, Only 54 c u t  of t h e  
i n i t i a l  300 t r e a s / a c r e  d i e d  by a g e  25 i n  
t h e  12 x 12 spac ing .  



Table €3, Survival rates 09  planted slash 
pine at di#ferent spacings and ages, 

--- AGE MEASURED --- TREE31AC, 
SPFlCING 4 10 20 2% LIVEDEAD 

---....-- percent ----- 
b x  6 88 a a 8 7  a 72 b 72 b €371 339 
4 x 1 2  9 0 a  8 7 a  8 4 a  8 1 a  490 2.15 
12 x 12 €39 a 84 b 82 a 82 a 244 54 
* Values #or each age with unlike letters 

are statistically diff erent at -0% level 

Both the bed and harrow treatments 
showed bavorah2y significant affects on 
survival at age 4 (Table 93.  During the 
4th to 10th year period, however, more 
trees died in thm beddad and harrowed 
plots while the survival percentage in the 
control plot remained the same. By age 
25, the control, bed, and harrow treat- 
ments were all virtually even in terma of 
number of surviving trees. 

Table 9. Survival rates oC planted slash 
pine racai ving various s i te  preparation 
treatments 

--a AGE MEASURED --- TREES/&C. 

CONTROL 8& b+ 86 b 80 a 79 a 557 148 
SCALP 8 4 b  8 0 c  7 4 b  7 4 b  522 183 

i 6  Values in each column bearing different 
letters are significantly different at . QS 1 eve1 . 

As noted earl ier, the scalp treat- 
ment accounted for the worst, in some 
cases negative, response in height and 
volume. In terms of survival, the scalp 
treatment also accounted for the lowest 
rate from age 4 through 25, 

CDNCLUSIONS 

This study "strong1 y showed that such 
site praparation treatments as bedding 
and harrowing had si gni +icantl y improved 
the productivity of slash pine planted on 
some southeastern coastal plain soi 1s. 
The scalp treatment was apparent1 y a mis- 
take that could cause same aericus deslino 
in site productivity, 

Between bedding and harrowing, tke 
latter proved tc be mere e+fectiva than 
the former, aven on the psorly drained 
Mascotte and somewhat paarly drained Leon, 
bath of which could have benefited mare 
Srom bedding. This is probably because 
the beds constructed i n  1957 were not of 
the same intensity and quality as todayr% 
beds which have been constructed using 
mere modern equipment. 

It had been reparted in literatura 
that response to bedding may disappear 
a+ter age 10 (Waineo and others 19755 
8utca16 8984). One such report, however, 
which did nst include a rantrol treatment 
t~ measure response, compared bedding and 
disking, which is tantamaunt to comparing 
bedding and harrowing in this study. A s  
has bean mentioned earl ier, harrowing was 
a superior treatment ta bedding but it 
must be notad, however, that tho bedding 
treatment was significantly batter than 
the control, an indication that if cons- 
tructad properly on tho right site, bed- 
ing can be an affective tool far slash 
pine plantation establishmant. 

This study af sc showed that spacing 
had a signi4ieant influence on the amount 
af respsnse to si tr preparation and that 
control o+ plantation density can ba a 
highly critical +actor in the production 
o+ qua1 i ty timber products. 
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EFFECTS OF SUBSOILING AND DISCING OH THE PERFOWHCE OF 
LOBLOLLY PINE GROWING FOR THREE SEASONS ON TWE PIEDMONTL~ 

2 1 J, A. Burger, 3 .  L. T o r b e r t ,  and D. 0 .  Lantagne- 

Abstract.--The e f f e c t  of d i s c i n g  and s u b s o i l i n g  on 
l o b l o l l y  p ine  were eva lua ted  a f t e r  t h r e e  growing seasons.  
Four low, medium, and h igh  q u a l i t y  s i t e s  were inc luded  i n  
t h i s  s tudy i n  t h e  Piedmont of South Caro l ina  and Georgia. 
Disc ing  and s u b s o i l i n g  t rea tments  were imposed ' ind iv idua l ly  
and t o g e t h e r  on a r e a s  t h a t  were XG bladed and raked. Discing 
c l e a r l y  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  t r e e  h e i g h t s  and 
d iameters  whereas t h e  e f f e c t s  of s u b s o i l i n g  were more s u b t l e .  

1' Paper  p resen ted  at Southern S i l v i c u l t u r a l  Research 
Conference, A t l a n t a ,  Georgia, November 7-8, 1984. 

2' A s s i s t a n t  P r o f e s s o r  and Research A s s i s t a n t ,  respec- 
t i v e l y ,  Department of F o r e s t r y ,  V i r g i n i a  Po ly technic  I n s t i t u t e  
and S t a t e  U n i v e r s i t y ,  Blacksburg, VA 24061, and A s s i s t a n t  
P r o f e s s o r ,  Michigan S t a t e  U n i v e r s i t y ,  E. Lansing, M I  48824-1222. 



YIELDS, STAPlD STRUCTURE AMD ECONOMIC CONCLUSIONS FROM A 22-YEAR-OLD SITE PREPARATION STUDY 
WLTH P L ~ T E D  LOBLOLLY MD LONGLEAF PINESL/ 

2 / Barry L. Beers and Robert L. Bailey- 

Abstract.--In October 1960, a s i t e  p r e p a r a t i o n  s tudy  was 
p l a n t e d  wi th  726 t r e e s  per  a c r e  t o  l o b l o l l y  and longleaf  p ine  
on l o b l o l l y  s i t e  index  65 (base  age 25) l and  i n  Polk County, 
Georgia. Data from n ine  r e p l i c a t i o n s  of each s p e c i e s  
e s t a b l i s h e d  fo l lowing  each of f o u r  s i t e  p r e p a r a t i o n  methods 
i n d i c a t e s  t h a t  age-22 y i e l d s  ( i n s i d e  bark t o  a 2-inch top)  
a r e  s i g n i f i c a n t l y  l e s s  f o r  longleaf  (1,203 cu f t / a c )  than  f o r  
l o b l o l l y  (3,094 cu S t l a c ) .  Analyses of s i t e  p r e p a r a t i o n  
e f f e c t s  were r e s t r i c t e d  t o  l o b l o l l y .  Across t h e  f o u r  s i t e  
p r e p a r a t i o n  t r e a t m e n t s ,  (1) s h e a r  and p i l e ,  (2 )  d i s k ,  (3) 
bed, and (4) s u b s o i l  and bed, l o b l o l l y  s u r v i v a l  was e x c e l l e n t  
and ranged from 81.8 t o  88.5 percen t .  Dominant h e i g h t  
averaged from 52.4 t o  51 -1 f e e t  a c r o s s  t rea tments .  Volume 
y i e l d  f o r  t h e  s u b s o i l  and bed t rea tment  (3,352 cu f t / a c )  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  bed (3,064 cu f t / a c ) ,  s h e a r  
and p i l e  (2,999 cu f t / a c )  and d i s k  (2,962 cu f t / a c ) .  An eco- 
nomic a n a l y s i s  based on t h e s e  y i e l d s  i n d i c a t e s  t h a t  none of 
t h e  o t h e r  t h r e e  t rea tments  a p p l i e d  a f t e r  shear ing  a r e  l i k e l y  
t o  be c o s t  e f f e c t i v e .  

1' Paper p resen ted  a t  Southern S i l v i c u l t u r a l  Research 
Conference, A t l a n t a ,  Georiga, November 7-8, 1984. 

L' Manager of Data Process ing ,  F and W F o r e s t r y  
S e r v i c e s ,  Albany, GA, and Assoc ia te  P r o f e s s o r ,  U n i v e r s i t y  of 
Georgia ,  Athens, GA. 



FOR mRVESTED B O T T O Z k V D  

Charles A. Gresham 2 1 

Abstract.--A 400ac tract of bottomland hardwoods in the 
Santee River swamp, South Carolina, xcas harvested and rough- 
ly half of the area allowed to regenerate naturally. The 
other half was sheared, bedded and planted with loblolly 
pine tublings. 

Stocking inventories before and three growing seasons 
after harvest indicated that natural hardwood regeneration 
was dominated by sugarberry. Eoblolly pine survival was high 
(78%) and height and caliper at three years was good. 

INTRODUCTION 

Bottodand hardwood stands are naturally 
productive for several reasons, The soils of 
these areas are generally alluvial and hence rich 
in macronutrients. The clay to clay loam soils 
have high cation exchange capacities which further 
increases site productivity. Annual flooding de- 
posits more alluvium on the area which provides 
annual fertilization. Finally the vegetation 
very rarely experience severe drought during the 
growing season because of the low topography, 
annual spring flooding and high water holding 
capacity of the soil. 

Landowners in South Carolina who wish to 
manage bottomland stands generally harvest the 
merchantable timber, then let the area regenerate 
naturally. This has the advantage of being eco- 
nomical in that the harvest produces an income 
and the regeneration does not require capital in- 
vestment. Sprouts will grow from stumps created 
during harvest, and seed is blown or washed into 
the area. Although economical, this method does 
not allow the landowner to control the timing of 
regeneration, nor the species composition and 
distribution of the resulting stand. The unstable 
nature of the market for hardwood timber further 
complicates mnagement, because the species that 
are valuable at the time of regeneration might not 
be so valuable at the time of harvest. The market 
for hardwood pulpwood is weak at best. 

An alternative to managing bottomland hard- 
wood stands for some mixture of hardwood is to 
prepare the site and plant ioblolly pine. The 
first and major disadvantage to this alternative 
is the initial early cost of clearing the Logging 
residue and preparing planting microsites for the 
pine. Advantages of site conversion include 
producing a product for a stable market and 
realizing an earlier return on the investment by 
a thinning or early final harvest. The demand 
for pine pulpwood is reasonably stable and the 
landowner can be assured of a market for his ti-- 
ber, Pines are fast growing pioneer species that 
take advantage of the inherent productivity of a 
bottomland site. Thus a commercial thinning at 
an early age will start the cash flow much sooner 
than could be realized in hardwood management. 

The purpose of this report is to present the 
results of a case study comparing natural hardwood 
regeneration and pine plantation establishment. 
Although this report deals wich a case study, the 
results provide an indication of how similar stands 
in other regions can be managed. 

I' Paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
7-8, $784.  

- Assistant Professor of Forestry, Belle W. 
Baruch Forest Science Institute of Clemson Uni- 
versity, P. 0, Box 596 Georgetown, SC 29442. 



The study was located in the upper section 
of the Santee River Swamp, just ds~~strearn frorn 
the Lake Xarion dam in Clarendon County, South 
Carolina. A 400ac tract of the upper terrace of 
the swamp was identified and divided into two 
roughly equal sections, The area had been se- 
lectively logged from 1930 to 1450, and since 
then had not received any management. The soil 
throughout the swaq was a Tawcaw silty clay loam, 
a deep, somewhat poorly drained soil farmed in 
alluvial sediment. The site floods annually in 
the spring for a week or two. Just prior to the 
study the entire tract was cruised and marked for 
patch clearcutting, Approximately lOOac were 
marked for harvest in each section. 

A preharvest inventory of the portions of 
the tract marked for harvest was conducted with 
25 randomly located sampling points. Around each 
point, a set of concentric circular plots were 
located and tallied according to the following 
design. Small regeneration, defined as woody 
stems less than 3 ft tall, were tallied by spe- 
cies in four 10.8 ft2 quadrats located sixteen 
feet in each of the cardinal directions from plot 
center, Stems taller than 3 feet and less than 
one inch DBH, called medium regeneration, were 
tallied by species in a circular plot of radius 
8.2 ft. Large regeneration, stems between one 
and five inches DBH were tallied by species with- 
in 16.4 ft of plot center. Stems 5 to 13.7 
inches DBH within 33 ft of plot center were re- 
corded as pulpwood by noting species and DBH. 
Treeslarger than 13.7in. in DBH were considered 
sawtimber with DBW and species recorded for such 
stems within one chain of plot center. 

A composite soil sample, to a depth of 12 
inches, was taken at each sampling point and four 
pictures were taken of each plot. 

Both sections of the tract were logged by 
chainsaw felling and topping, skidding and load- 
ing at a deck. Residuals were not felled. 
Section A was harvested in the sumer and fall of 
1979 while section B was harvested in the winter 
and spring of 1480. Section A received no 
further treatment following logging, while section 
I3 was cleared by rodtraking and the debris piled 
around the edges of the clearing and in a few 
interior windrows, Following rootraking, this 
area was bedded and planted with containerized 
lohlollg; pine (P inus  taeda 1,) at a spacing of 
6 x 8 Et during April 1981, 

Post harvest procedure consisted of re- 
inventorying section A with Illore intense methods 
than were used in the preharvest inventory, and 
establishing and periodically tallying plots in 
the planted area, 

Section A was reinventoried after the third 
growing season with 43 clusters each of which was 
four contiguous plots with an area of 76 f t2. 
All woody stems greater than 3 ft tall were 

tallied by species in the plots and a11 stems less 
than 3 ft tall were tallied in a 10.8 ft2 subplot 
within each plot. 

Six plots, each three rows wide by approx- 
imately 33 planting spaces Long were established 
in the pine planted area, and all three rows were 
tallied to deternine survival, Seedling height 
and caliper data were taken on 25 seedlings 
located in the middle row, Survival and growth 
data were taken annually for three years follow- 
ing planting. The occurrence of browsing, tip 
moth damage, flooding and degree of competition 
were also noted. 

PREmVEST INVENTORY 

Sweetgum (Liquidambar styraciflua), sugar- 
berry (Celtis laevigata) , ash (Fraxnus spp) , 
laurel oak (Quercus laurifolia) and water oak 
(Q. nigra) accounted for 72% of the 140 ft2 of 
preharvest basal area (table 1.). The approx- 
imately equal division of the basal area in the 
two size classes reflects the previous cutting 
which left a few larger unmerchantable trees and 
caused multi-stemed growth of the remaining 
smaller trees. The understory was composed of 
sugarberry seedlings with few larger stems of 
other species present (table 2). 

WOOD NATURAL REGENERATION RESULTS 
THREE GROWING SEASONS AFTER HARVEST 

The hardwood regeneration in the seedling 
size class was dominated by sugarberry with an 
estimated 2,753 stems per acre (table 3). This 
accounted for 62% of the seedling regeneration. 
Other species present in the seedling size class 
include green ash, red maple (Acer rubrum) and 
sweetgum. Sapling regeneration was estimated at 
2,867 stems per acre also dominated by sugarberry. 
Green ash, red maple, sweetgum, and cottonwood 
were also present in the sapling size class. The 
highly desirable species, the oaks and hickories 
were not very abundant in the seedling nor 
sapling size classes. 

The origin of the regeneration was different 
between the seedling size class and saplings in 
that the seedling sized stems were mostly of seed 
origins, with very few sprouts, whereas the stems 
in the sapling size class were mostly of sprout 
origin. 

The spatial distribution of the regeneration 
gas poor. Sixty one percent of the 172 sub~lots 
tallied did not contain a seedling (table 4). 
Distribution of saplings was not much better with 
31 and 86 percent of the plots inventoried being 
void of samll and large saplings respectively. 



Table 1.--Pre-harvest basal area by species and DBH class. 

DBH class 
Species 5 to 13.9 in 13.9 in + Both classes 

Sweetgun (Liquidambar styraciflua) 
Sugarberry (Celtis laevigata) 
Ash (Fraxinus spp) 
Laurel oak (Quercus laurifolia) 
Rater oak (2. nigra) 
Swamp chestnut oak (9. michauxii) 
Cot tonwood (Poplus sp~) 
Red oak (Q. falcata) 
Red maple (Acer rubrum) -- 
Elm (Ulmus americana) 
Water hickory (Carya aquatica) 
Cypress (Taxodium s -P-I Undesirable species 
Total 

l/Basal areas may not add to indicated total due to rounding. - 
2/Undersirable species include Overcup oak (Q. - ), American holly (Ilex opaca) and 
American hornbeam (Carpinus carolinia). 

3/Standard error of total. - 

Table 2.--Pre-harvest regeneration stocking by species and size class. 

Size Class 
Seedlings Saplings 

(less than (less than 
Species 3 ft tall) 1 in DBH) (1-5 in DBH) 

Sugarberry 
Sweet gum 
Ash 
American elm 
Red maple 
Red oak 
Tupelo (Nyssa sm) 
Undesirable species1 
Total 

l/Undesirable species include holly (Ilex z.), American hornbeam and dogwood - 
(Cornus spp.). 

Z/Total and standard error. - 
3/~olumns may not add to indicated total due to rounding. - 



Table 3.--Reproduction by spacing and s i z e  t h ree  growing seasons a f t e r  harves t  on sec t ion  A. 

Species 
( l e s s  than 
3 f t  t a l l )  

Saplings 

(3 f t  t a l l  
t o  1 i n  DBH) (1-5 i n  DBH) 

Sugarberry 
A s h  
Red maple 
Swee tgum 
Cottonwood 
Cypress 
Water hickory 
American elm 
Water oak 
Red oak 
Swamp chestnut  oak 
Persimmon 
Tupelo 
Undesirable species1 

Tota l  

l / Inc ludes  h e r i e a n  ho l ly  ( I l e x  opaca),  American hornbeam, b lack  willow ( S d i x  n igra  and ~ a c c i a i u m ) .  - 
2/TotaL and standard e r r o r .  - 
3/Columns may not  add t o  indica ted  t o t a l  due t o  rounding. - 

Table 4.--Reproduction stocking by s i z e  c l a s s  t h r ee  growing seasons a f t e r  harves t  on sec t ion  A. 

Size  c l a s s  
Seedlings Saplings 

Desirable spec ies  3 f t  t a l l  
s tocking  l e v e l  t o  1 i n  DBB) 1-5 i n  DBH 

Stemslplot 
0 
1 t o  5 
6 t o  10 
I 1  p lus  

---------------- percent  of plots------------------- 
6 1 3 1 8 6 
36 46 13 

3 9 0 
0 14 1 

PINE PMTATIOH ESTABLISWNT USULTS 

Survival  and growth of t h e  planted l o b l o l l y  
pine was good. Af ter  t h r ee  growing seasons t he  
average su rv iva l  was 76% of o r i g i n a l  p lant ing ,  
which a t  a 6 x 8 f t  spacing is 690 t r e e s  per  acre.  
The su rv iva l  percent  has  remained e s s e n t i a l l y  un- 
changed s ince  t h e  beginning of t he  second growing 
season ( f i gu re  I), h e r a g e  seedl ing  he ight  a t  
t he  end of t he  t h i r d  growing season was 5.7 f t  
with a wximum height  of 12  f t .  Average c a l i p e r  
was 1.1 i n  wi th  a rnizximum c a l i p e r  of 2.6 i n .  

Seedling su rv iva l  and growth overcame brows- 
ing  by deer,  l o s s  of terminal  shoots  by t i p  moth, 
competition from herbaceous vegeta t ion  and annual 

f looding.  Browsing by deer was heavy during t h e  
f i r s t  winter  wi th  40% of the inventor ied  seedl ings  
exh ib i t i ng  browsing of one o r  more terminal  shoots.  
During the  second winter  t he  browsing was l i g h t e r  
wi th  only 14% of t he  seedl ings  showing browse 
damage, and by the  t h i r d  growing season the  
te rminal  shoots of t h e  seedl ings  had grown above 
the  browse l i n e .  

Tip moth (Rhyacionia spp.) damage was not iced  
on one o r  m r e  terminal  shoots of 66% of t he  seed- 
l i n g s  inventor led  a f t e r  t he  second growing season. 
This was t h e  only time t h a t  t i p  moth damage was 
s i g n i f i c a n t .  
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Figure  1. Pine seedl ing  su rv iva l ,  he ight  and c a l i p e r  averaged over s i x  p lo t s  i n  s ec t ion  B f o r  
t h r ee  growing seasons s ince  p l an t ing  i n  Apr i l  1981. 

Competing v e g e t a t i o n  q u i c k l y  invaded t h e  
c l e a r e d  a r e a  and a t  t h e  end of t h e  f i r s t  growing 
s e a s o n  t h e r e  was a  c o v e r  o f  horseweed,  b l a c k b e r r y ,  
2okeweed and o t h e r  he rbaceous  s p e c i e s .  The 
p l a n t e d  p i n e  was a b l e  t o  grow th rough  t h e  
h e r b a c e o u s  canopy d u r i n g  t h e  t h i r d  growing s e a s o n ,  

T h e  s t u d y  s i t e  f l o o d e d  a n n u a l l y  d u r i n g  t h e  
s t u d y  i n  t h e  months o f  March and April .  when t h e  
s e e d l i n g s  were s t i l l  dormant.  O b s e r v a t i o n s  of 
t h e  a r e a  and examina t ion  of t h e  r i v e r  l e v e l  
r e c o r d s  a t  t h e  dam i n d i c a t e d  t h a t  t h e  f l o o d i n g  
was f o r  o n l y  a  week o r  two and t h a t  w a t e r  d e p t h  
a t  t h e  s t u d y  s i t e  was n o t  g r e a t .  

Examinat ion of t h e  two management a l t e r n a -  
t i v e s  a n d  t h e  r e s u l t s  a f t e r  t h r e e  growing s e a s o n s  
i n d i c a t e  t h a t  c l e a r c u t t i n g  w i t h o u t  any p o s t  
h a r v e s t  t r e a t m e n t  w i l l  produce a s t a n d  o f  l i g h t  
seeded  hardwood s p e c i e s  w i t h  uneven s p a t i a l  
d i s t r i b u t i o n .  The f u t u r e  canopy s p e c i e s  of t h e  
a r e a  s t u d i e d  w i l l  be s u g a r b e r r y ,  a s h ,  maple and 

sweetgum. Oak s e e d l i n g s  ( e s t i m a t e d  a t  48 s t ems  
p e r  a c r e )  cou ld  s u r v i v e  below t h e  c l o s e d  e a r l y  
canopy and c o n t r i b u t e  t o  t h e  canopy of t h e  ma tu re  
s t a n d .  However t h e  modera te ly  i n t o l e r a n t  t o  
i n t o l e r a n t  n a t u r e  o f  t h e  oaks  may p r e v e n t  t h e  
steins from s u r v i v i n g  t o  e n t e r  t h e  canopy. The 
9 1  s a p l i n g  oak  s t ems  l e s s  t h a n  one i n c h  DBH may 
s u r v i v e  and i n c r e a s e  t h e  v a l u e  of t h e  s t a n d ,  b u t  
w i l l  t h e  oak s t o c k i n g  a t  r o t a t i o n  b~ a c c e p t a b l e ?  

A b e t t e r  hardbiood s t a n d  p robab ly  r e s u l t s  
when t h e  l o g g i n g  r e s i d u e  and u n h a r v e s t e d  
r e s i d u a l s  a r e  f e l l e d ,  chopped and burned.  T h i s  
e n a b l e s  a l l  s p e c i e s  t o  s t a r t  a t  t h e  same h e i g h t  
and e l i m i n a t e s  t h e  p h y s i c a l  s u p p o r t  t h a t  a l l o w s  
v i n e s  t o  comple te ly  shade  t h e  gruund. Such 
minimal p o s t  h a r v e s t  t r e a t m e n t  n o t  o n l y  i n c r e a s e s  
t h e  u n i f o r m i t y  of s i z e  of r e g e n e r a t i o n ,  but a l s o  
d e c r e a s e s  t h e  p a t c h y  d i s t r i b u t i o n  of t h e  r e -  
g e n e r a t i o n .  

E s t a b l i s h i n g  l o b l o l l y  p i n e  on t h e  upper  
t e r r a c e  o f  t h e  swamp was s u c c e s s f u l .  Average 
s u r v i v a l  a f t e r  t h r e e  growing s e a s o n s  was 76% of 
i n i t i a l  p l a n t i n g  d e n s i t y ,  which may be c o n s i d e r e d  
a  l i t t l e  low, b u t  s t i l l  produced a  s t a n d  of 



s a t i s f a c t o r y  s tock ing .  iv%atever t h e  l o s s  due t o  
r e l a t i v e l y  low s t o c k i n g  was more than  compensated 
by t h e  e x c e l l e n t  h e i g h t  and c a l i p e r  growth. The 
5.7 ft average  h e i g h t  and 1.1 i n  average c a l i p e r  
r e f l e c t s  t h e  h igh  q u a l i t y  of t h e  s i t e  and i t s  
p r o d u c t i v i t y .  This  is f u r t h e r  i n d i c a t e d  by t h e  
s i z e  of t h e  l a r g e s t  of 150 p i n e  s e e d l i n g s  measured 
which was 12 E t  t a l l  and 2 .6  i n  a t  ground l i n e .  
These growth f i g u r e s  a r e  i n  s p i t e  of d e e r  browse 
and t i p  moth damage t h a t  k i l l e d  many t e r m i n a l  buds. 
Furthermore, t h e  e f f e c t s  o f  competing vegera t ion  
and f l o o d i n g  could h a r d l y  have been b e n e f i c i a l  t o  
p ine  s e e d l i n g  growth: t h e r e f o r e ,  i n  t h e  absence 
of t h e s e  f a c t o r s ,  one could reasonably expect  more 
and l a r g e r  s e e d l i n g s  a f t e r  t h r e e  growing seasons.  



AND OVERSTORY DENSITY l 

Bor is  2!eide2 

Abstract.--On a 24-year-old l o b l o l l y  p ine  p l a n t a t i o n  a  
s eed l i ng  i s  a f f e c t e d  by t h e  t r e e s  s i t u a t e d  w i th in  a  
d i s t a n c e  equa l  t o  25 t h e s  t h e i r  d iameter .  P-el iable 
r egene ra t i on  can be obtained i f  t h e  number of t he se  t r e e s  
does no t  exceed f i v e ,  a  quan t i t y  which corresponds t o  a  
b a s a l  a r e a  of 85 square f e e t  per  a c r e .  These r e s u l t s  were 
achieved by t h e  po in t  sampling of canopy t r e e s  pe r fomed  
from a s eed l i ng  pos i t i on  us ing  success ive  b a s a l  a r e a  
f a c t o r s .  

INTRODUCTION 

What is  t h e  minimum s i z e  of a  f o r e s t  
opening s u f f i c i e n t  t o  secure  r e l i a b l e  
r e g e n e r a t i o n  of l o b l o l l y  p ine  (Pinus taeda  L . ) ?  
What is t h e  mximum canopy dens i t y  which w i l l  
o b t a i n  the  same end? These ques t ions ,  wi th  
t h e i r  many t h e o r e t i c a l  and p r a c t i c a l  
i m p l i c a t i o n s ,  have a t t r a c t e d  much research .  
Although t he  ques t i ons  a r e  o f t e n  d i scussed  
s e p a r a t e l y ,  they may be considered a s  two 
a s p e c t s  of t h e  same problem because dens i t y  i s  
c l o s e l y  r e l a t e d  t o  t h e  number and s i z e  of 
openings  per  u n i t  a r ea .  

Regarding t h e  ques t i on  of f o r e s t  opening 
s i z e ,  t h e  search  ha s  been focused on t h e  minimum 
s i z e  because  i t  maximizes t h e  amount of 
a v a i l a b l e  seeds ,  minimizes t h e  l o s s  of canopy 
t r e e  growth and encroachment of undes i r ab l e  
v e g e t a t i o n .  Based on t h e i r  observa t ions  of 
l o b l o l l y  p ine  i n  Duke Fo re s t  I n  c e n t r a l  North 
C a r o l i n a ,  Toumey and Kors t ian  (1947) found t h a t  
an  opening s i z e  of about  one a c r e  o r  l e s s  is 
r e q u i r e d  t o  secure  reproduct ion .  Wahlenberg 
(1948), working wi th  same spec i e s  a t  C ros se t t ,  
Arkansas ,  concluded t h a t  t h e  removal of a  s i n g l e  
mature Cree ,  which c r ea t ed  an opening 15 t o  30 
f e e t  wide ,  was s u f f i c i e n t  t o  produce r e l i a b l e  
r e g e n e r a t i o n  provid ing  t h a t  s e l e c t i v e  c u t s  a r e  
made abou t  every 5 yea r s .  This  provis ion  i s  
indeed c r u c i a l  because Wahlenbergis d a t a  show 
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t h a t  ar 5 yea r s  of age t h e  s eed l i ngs  from l a r g e r  
openings (0.1 ac r e  o r  yore)  had e i g h t  t imes  
g r e a t e r  volume than those  from the  s i n g l e  t r e e  
openings. Without subsequent t h inn ing ,  pLne 
reproduct ion  can be obtained by t h e  group 
s e l e c t i o n  method when c l u s t e r s  of two o r  more 
neighboring t r e e s  a r e  removed (Wahlenberg 1360), 

At f i r s t  g lance ,  t h e  sing]-e-tree s e l e c t i o n  
method seems reasonable:  a spot  s u f f i c i e n t  f o r  
a  mature t r e e  should be adequate f o r  a  sma l l  
s eed l i ng  wi th  i t s  much lower requirements .  The 
problem here  is t h a t  t he  crown of t h e  mature 
t r e e ,  being l i f t e d  t o  t h e  canopy l e v e l ,  i s  
exposed t o  f u l l  sun l i gh t  whi le  the  s e e d l i n g ,  
s i t u a t e d  near  t h e  f o r e s t  f l o o r ,  i s  shaded by t h e  
remaining overs tory .  Thus, t he  problem i s  
whether t he  abundance of room f o r  a  s e e d l i n g  
compensates f o r  t h e  de f i c i ency  of l i g h t .  
Numerous observa t ions  i n d i c a t e  t h a t ,  i n  gene ra l ,  
t h i s  compensation does no t  occur.  Only t h e  most 
t o l e r a n t  spec i e s ,  such a s  European s i l v e r  f i r  
(Abies a l b a  M i l l . ) ,  can be perpe tua ted  by 
s e l e c t i o n  of P s i n g l e  t r e e  (Smith 1962) .  The 
ma jo r i t y  of spec i e s  r e q u i r e  l a r g e r  openings 
(Roach and Gingrich 1968, S a i t h  1977, F i s che r  
1981), t h e  s i z e  of which depends on s i t e ,  
s p e c i e s ,  and e s p e c i a l l y  he igh t  of t h e  
surroundlag overs tory .  

Another approach t o  t h e  problem of 
ob t a in ing  r e l i a b l e  regenera t ion  i s  t o  s p e c i f y  
ove r s to ry  dens i t y ,  no t  t he  s i z e  of t h e  openings.  
Seedlings and s ap l i ngs ,  even of i n t o l e r a n t  
spec i e s  such a s  l o b l o l l y  p ine ,  a r e  r e g u l a r l y  
found growirg d i r e c t l y  under canopy t r e e s  
(Reynolds 1959), e s p e c i a l l y  when t h e r e  i s  p l e n t y  
of s i d e  l i g h t .  The problem he re  i s  t o  d e t e r n i n e  
t h e  maximum dens i t y  of canopy t r e e s  which w i l l  
a l low regenera t ion  of d e s i r a b l e  s p e c i e s ,  
Although any p r a c t i c i n g  f o r e s t e r  has  a  f e e l i n g  
of t h i s  th reshold ,  q u a n t i t a t i v e  in format ion  i s  



rather sparse even for well-studied species such 
as lob1 olly pine, In a comprehensive .monograph 
devoted to this species, Wahlenberg (1960, p. 
176) indicated that "most seedlings cone Fn 

2A5 LS under overwoads of 225 or less,'Vhe " " I": 

the stand density index t;hich corresponds to a 
basal aree of 123 square feet per ccre when the 
ayJerage dimeter is 12 inches (assuming that the 
slope of the stand density index line is equal 
to -1.6) and to 144 square feet per acre when 
the diameter is 15 icches. 

According to Wahlenberg (19601, subsequeqt 
survival of the newcomers is low under these 
extreme densities (four years on the average). 
The seedlings have better chances to survive 
(life expectancy 10-20 years) whe~. overstory 
dersity is 70-80 square feet per acre, EIy 
colleague Dr. B. F. McLemore, specialist in the 
management of loblolly pine, comes up with a 
simil ar estimate. His opinion (personal 
communication) is that loblolly pine 
regeneration can persist indefinitely in groups 
scattered between mature trees provlded that the 
overall density of canopy trees does not exceed 
75-80 square feet per acre. In addition to 
density, the species composition of the overstory 
is also important. In southeastern Arkansas, 
for example, 552 of loblolly p.ine seedlings 
survived 5 years under dense cacopy (90% cover) 
of pure pine, and none under hardwoods of the 
same cover (Wahlenberg 1960). 

The cited figures, however, cannot be 
applied everywhere because the critical size of 
openings and level of overstory density are 
likely to vary with area, site, overstory 
eomposition and homogeneity, as well as with 
other factors. Further research is required 
to specify these important relationships and to 
clarify methodological problems. This article 
reports the effect of a parent canopy on 
loblolly pine regeneration which was 
investigated with application of point sampling. 

A 24-year-old loblolly pine plantation, 
situated in southeastern Arkansas, four miles 
southeast from the University of Arkansas at 
Monticello, was selected for this study because, 
as a single-species plantation, the stand was 
highly uniform with respect to species, age, 
site, slope, etc. The terrain is Level (0-3% 
slope) and the soil is predominantly Tippah silt 
loam and some eroded Sacul s o i l s .  At the same 
time, the stand, the subject of a thinning 
study, was extremely diverse with respect to 
both studied variables (amcunt of regeneration 
and overstory density) due to four different 
levels of thinning which have been randomly 
applied to forty 0.1-acre study plots 
established within the stand. This diversity 
was fur-ther enhanced by two severe ice storms 
which took place two and seven years prior to 
our measurements perfomed in 1981. At that 

time basal area of planted trees varied (on 
O,l-acre plots) from 39.5 to 148.1 square feet 
per acre, the average diameter was 11.8 inches, 
and the average height 62.6 feet. 

In the fall of 1972 all undergrowth and 
regeneration was rernoved. At the t5me of our 
measurements nine years later, patches of pine 
regeneration, highly variable in density, were 
present: tEtzcughout the plantation. The average 
age of regeneration was 5-7 years. 

Survival and growth of a seedling is 
affected by its Immediate ne-lghbors depending 
primarily on their number, distance, and size. 
These three variables can be combined into one 
measurement, beaal area of trees growing in a 
certain vicinity around the seedling. This 
local density is more important for the seedling 
than the average density per unit area derived 
nostly from remote trees which are unrelated to 
the survival of a given seedling. Therefore, by 
providing the estimate of local density, point 
sampling perfomed from a seedling position is 
appropriate, both technically and biologically, 
for predicting regeneration success (Zeide 
1985). Point sempling is convenient technically 
because it is an efficient method for estinating 
Local basal area. This method is suitable 
biologically because It selects trees according 
to their number, distance from the sample point 
(in this cgse from the seedling), and size 
(diameter, closely correlated with height and 
volume, is a good representative of size), that 
is, those variables which determine seedling's 
success. The basal area factor (BAF) determines 
the spatial reach of sampling which is of 
crucial importance for the method. 

On the described plantation success of 
regeneration was estimated by basal area of 
young pines which was determined by measuring 
diameters of seedlings at the level of 4.5 
inches from the ground on small circular plots 
(radius 5 feet), Twenty four plots, 
representing the entire range of regeneration 
density (from 0 to 54 square feet per acre), 
were established in the plantation. Point 
sampling of canopy trees was performed from the 
center of each plot, At each point the 
overstory basal area was determined for twelve 
basal area factors -- from 4.36 to 52.27 (from 1 
to 12 in metric), This was done by measuring 
the distances to and diameters of all overstory 
trees which could be counted with BAF 4.36 (1 in 
metric). The number of trees eountable with 
other BAF's was calculated from these 
measurements. 

When BAF increases, both the number of 
sampled canopy trees and the average distance to 
them decreases. The relationship between BAF 
and regeneration density is more complicated. 
The decrease of the number, associated with 



t h e  Lnc rea se  of BAF, is  p o s i t i v e l y  c o r r e l a t e d  
w i th  t he  regenera t f  on dens i t y ,  whi le  f ts 
c o r r e l i a t i o n  wi th  t h e  concomitent decrease  of 
t h e  a v e r a g e  d i s t ance  i s  nega t ive .  As a r e s u l t  
of t A e s e  opposing changes, t h e  c o r r e l a t i o n  
be tween  regenera t ion  d e n s i t y  and BAF f i r s t  
i n c r e a s e s  wi th  t he  increased  EAF, reaches a 
maximan, and decreases .  

The  t r e e s  sampled wi th  t h a t  "peak BAF" a r e  
t hose  which s i g n i f i c a n t l y  a f f e c t  t he  growth and 
s u r v i v a l  of s eed l i ngs  around p o i n t ,  Comparing 
t he  number of t he se  i n f l u e n t i a l  t r e e s  w i th  t h e  
r e g e n e r a t i o n  d e n s i t y  makes i t  pos s ib l e  t o  f i n d  
t h e  maximum dens i t y  of canopy t r e e s  conpa t i b l e  
w i th  a r e l i a b l e  r egene ra t i on  a t  a  given po in t .  
This  maximum can be de t ec t ed  by a sbarp  drop of 
t h e  regenera t ion  dens i t y .  The c o r r e l a t i o n  
coeff iLcient  a t  t h e  peak PAF (o r  r a t h e r  i t s  
s q u a r e ,  t h e  c o e f f i c i e n t  of de te rmina t ion)  shows 
t h e  p r o p o r t i o n  of t h e  va r i snce  i n  regenera t ion  
d e n s i t y  due t o  t he  e f f e c t  of overs tory  and can 
be cons ide r ed  a s  a  measure of t h e  ove r s to ry  
i n f l u e n c e  on t h e  growth and s u r v i v a l  of 
s e e d l i n g s .  

RESULTS AND DISCUSSION 

The  r e l a t i o n s h i p  between regenera t ion  and 
o v e r s t o r y  d e n s i t i e s  is  shown i n  Figure 1. The 
wide s c a t t e r  of p o i n t s  can be explained by t h e  
f a c t  t h a t ,  i n  a d d i t i o n  t o  t h e  e f f e c t  of 
o v e r s t o r y ,  regenera t ion  i s  a f f e c t e d  by o t h e r  
f a c t o r s ,  such a s  t h e  amount of f o r e s t  f l o o r  
l i t t e r ,  p r e d a t i o ~ ,  d i s ea se s ,  and f i r e .  The 
s c a t t e r  of p o i n t s  sugges ts  t h a t  t he se  o t h e r  
f a c t o r s  a r e  r e spons ib l e  f o r  poor regenera t ion  on 
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Figure  1.--Relation between r egene ra t i on  and 
o v e r s t o r y  d e n s i t i e s .  

some p l o t s  when t h e  number of ove r s to ry  t r e e s  
coucted w i th  EBF 17.4 ( 4  i n  met r ic )  i s  l e s s  than  
s i x  ( ba sa l  a r ea  l e s s  than 105 square  f e e t  per  
a c r e ) ,  

Co r r e l a t i on  between r egene ra t i on  d e n s i t y  
and b a s a l  a r e a  of canopy t r e e s  r e aches  i ts  
maximum around RAF = 17.4 (Figure 2) . It means 
t h a t  i n  t h i s  case  t h e  t r e e s  s i t u a t e d  around a 
s eed l i ng  w i th in  t h e  d i s t ance  equa l  t o  25 t imes  
t h e i r  d iameters  e x e r t  a dec i s i ve  e f f e c t  on t h e  
seed l ing .  This  e f f e c t  is ;r d e c i s i v e  compared 
with t h e  e f f e c t  of t he  t r e e s  l oca t ed  o u t s i d e  
t h a t  d i s t ance .  A s  compared with o t h e r  f a c t o r s  
a f f e c t i n g  r e g e m r a t i o n  success ,  t he  e f f e c t  of 
ove r s to ry  i s  modest: t h e  v a r i a t i o n  of i t s  
d e n s i t y  exp l a in s  on ly  about 20Z of t h e  t o t a l  
v a r i a t i o n  of t h e  regenera t ion  b a s a l  a r e a ,  Th i s  
propor t ion  i s  l i k e l y  t o  i nc r ez se  w i th  t h e  age  of  
r egene ra t i on  because t he  e f f e c t  of canopy is  
more c o n s i s t e n t  and l e s s  random than  t h a t  of 
o t h e r  f a c t o r s .  A sharp  dec l i ne  i n  r egene ra t i on  
t ake s  p l ace  when t h e  number of ove r s to ry  t r e e s  
counted wi th  t h e  peak BAF (= 17.4) exceeds s i x  
t o  seven t r e e s  (Figure I ) .  It means t h a t  a s  f a r  
a s  t h e  ove r s to ry  dens i t y  i s  concerned, i n  o r d e r  
t o  ob t a in  r e l i a b l e  regenera t ion  up t o  n i n e  yea r s  
o l d ,  t h e  s tand  should be thinned t o  l e ave  f o u r  
t o  f i v e  t r e e s  countable wi th  BAF 17.4 (70-87 
square  f e e t  pe r  a c r e ) .  

The a c t u a l  regenera t ion  is  u s u a l l y  l e s s  
than t h a t  pos s ib l e  under given ove r s to ry  
condi t ions .  I f  one i s  i n t e r e s t e d  s o l e l y  i n  t h e  
e f f e c t  of ove r s to ry ,  i t  might be app rop r i a t e  t o  
uFe only  a  po r t i on  of a l l  p l o t s ,  those  which a r e  
l e a s t  a f f e c t e d  by t he  o the r  f a c t o r s  and have a 
l a r g e r  dens i t y  of reproduction.  These p l o t s  a r e  
represen ted  by d o t s  s i t u a t e d  a t  t he  o u t e r  edge of 
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Figure 2.--0verstory - regenera t ion  d e n s i t y  
co r r e l ac inn  2nd d i s t a n c e  t o  point-sampled 
t r e e :  a s  a  f unc t i on  of b a s a l  a r e a  f a c t o r .  



the point scatter (Figure I ) .  The division 
between plots with better (16 plots) and poorer 
( 8  plots) reproduction was made using judgement 
rather than calculations. The division did not 
affect the peak BAF which in both cases (for all 
24 plots and for I6  of them with better 
regeneration) is close to 17.4 (Figure 21, 
although the correlation between basal area of 
regeneretion and that of overstory trees is 
greater for plots with better regeneration. 

These results answer both opening questions 
for a rather typical loblolly pine plantation at 
the stage of approaching maturity. The answer 
concer~ling the mintmum of a forest opening is 
fornulatea in terms of the size of and distance 
to the imediate neighbors decidediy affecting 
seedling growth and survival. The number of 
these neighbors corresponding to the sharp 
decrease in regeneration density answers the 
second question dealing with the maximun canopy 
density. 

I thank Kevin R. Dobelbower for his careffil 
field measurements and calculations. The 
constructive co~iments by James ?I. Guldin, Daniel 
J. Leduc and B. F. McLemore are highly 
appreciated. 
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COMPARZSON OF THREE IGTN03S FOE REGE:TERRTIiiG ZrJLJEYSUCKLZ-ISFESTE1: 

OFENIMGS I3 U3ErJ9M-AGE3 LOBLCLLY B I 3 E  SWADS I/ 

Abs t rac t . - -P lan t ing ,  d i r e c t  seed ing ,  and n a t u r a l  seed-  
f a i l  w e r e  u s e d  t o  r e g e n e r a t e  o p e n i n g s  i n  a n  uneven-aged  
l o b l o l l y  p i n e  ( p i n u s  t a e d a  L.) s t a n d  i n f e s t e d  w i t h  Japanese  
h o n e y s u c k l e  ( L o n i c e r a  j a p o n i c a  ~ h u n b . )  S i t e  p r e p a r a t i o n  
c o n s i s t e d  o f  b u s h h o g g i n g .  S u r v i v a l  o f  p l a n t e d  s e e d l i n g s  
was b e s t ,  a t  69 p e r c e n t ,  a f t e r  2 years .  S e e d l i n g s  averaged 
1.9 f t  i n  h e i g h t  and were  free-to-grow. Only 22 p e r c e n t  of 
t h e  d i r e c t - s e e d e d  s p o t s  were  s u c c e s s f u l .  T h e s e  s e e d l i n g s  
a v e r a g e d  o n l y  0.6 f t  a f t e r  2 y e a r s  a n d  w e r e  s u p p r e s s e d  by 
h o n e y s u c k l e  r e g r o w t h .  T 4 i l a c r e  s t o c k i n g  o f  n a t u r a l l y  
r e g e n e r a t e d  p l o t s  a v e r a g e d  22 p e r c e n t .  T h e s e  s e e d l i n g s  
a l s o  a v e r a g e d  0.6 f t  i n  h e i g h t  and  w e r e  s u p p r e s s e d .  I n  a  
s u p p l e m e n t a l  s i d e  t e s t  of n a t u r a l  r e g e n e r a t i o n ,  d i s k i n g  was 
used t o  r educe  t h e  honeysuckle.  A f t e r  2 y e a r s  t h i s  r e s u l t e d  
i n  a  100 p e r c e n t  m i l a c r e  s t o c k i n g  w i t h  4,600 s e e d l i n g s  p e r  
a c r e  a v e r a g i n g  I ..9 f t  i n  he igh t .  

INTRODUCTION 

N a t u r a l  r e g e n e r a t i o n  is commonly employed by 
f o r e s t e r s  i n  managing uneven-aged  l o b l o l l y  p i n e  
( p i n u s  t a e d a  L.) s t a n d s .  F o r  a  v a r i e t y  o f  
r e a s o n s ,  however,  i t  i s  somet imes d i f f i c u l t ,  i f  
n o t  i m p o s s i b l e ,  t o  o b t a i n  n a t u r a l  r e g e n e r a t i o n  
f o l l o w i n g  s e l e c t i o n  c u t t i n g .  I f  f a i l u r e s  i n  
n a t u r a l  r e g e n e r a t i o n  c o n t i n u e  o v e r  e x t e n d e d  
p e r i o d s  o f  t i m e ,  t h e  l a n d  m a n a g e r  m u s t  t u r n  t o  
a r t i f i c i a l  means  o f  r e g e n e r a t i n g  t h e  o p e n i n g s ,  
u s u a l l y  w i t h  p l a n t i n g  o r  d i r e c t  seeding.  

Campbe l l  and Nann (1973) compared d i f f e r e n t  
methods of r e g e n e r a t i n g  l o b l o l l y  p i n e  c l e a r - c u t  
a r e a s  i n  T e x a s  a n d  L o u i s i a n a  o v e r  a n  8 - y e a r  
p e r i o d -  They c o n c l u d e d  t h a t  p l a n t i n g  was  m o s t  
r e l i a b l e  and t h a t  d i r e c t  s e e d i n g  was p r e f e r a b l e  
t o  n a t u r a l  seeding.  

I n  uneven-aged l o b l i o l l y  p i n e  s t a n d s ,  a s i i -  

L/ P a p e r  p r e s e n t e d  a t  S o u t h e r n  S i l v i c u i t u r a l  
Resea rch  Conference,  A t l a n t a ,  G e o r g i a ,  November  
7-89 1984. 

/ P r i n c i p a l  S i l v i c u l t u r i s t ,  F o r e s t r y  S c i e n c e s  
L a b o r a t o r y ,  N o n t i o e l l o ,  Arkansas,  Sou the rn  F o r e s t  
E x p e r i m e n t  S t a t i o n ,  USDk F o r e s t  S e r v i c e  i n  co-  
o p e r a t i o n  w i t h  t h e  Depar tment  of F o r e s t  Resources  
and t h e  Arkansas  A g r i c u l t u r a l  Exper iment  S t a t i o n ,  
U n i v e r s i t y  of Arkansas  a t  Mont i ce l lo .  

v i c u i t u r i s t  c a n  e x p e c t  n a t u r a l  s e e d f a l l  t o  b e  
much g r e a t e r  t h a n  i n  a  c l e a r c x t  s i t u a t i o n ,  b u t  
s i t e  p r e p a r a t i o n  i n  an  uneven-aged s t a n d  is much 
l e s s  i n t e n s i v e ,  r e s u l t i n g  i n  a  l e s s  t h o r o u g h  
c o n t r o l  o f  c o m p e t i n g  v e g e t a t i o n .  On a r e a s  
i n f e s t e d  w i t h  J a p a n e s e  h o n e y s u c k l e  ( ~ o n i c e r a  
j a p o n i c a  T h u n b . ) ,  e s t a b l i s h m e n t  o f  n a t u r a l  
r e g e n e r a t i o n  may f a i l ,  e s p e c i a l l y  i f  t h e r e  i s  
inadequa te  s i t e  p r e p a r a t i o n .  The o p t i o n s  f o r  t h e  
s i l v i c u l t u r i s t  t h e n  become a r t i f i c i a l  r e g e n e r a -  
t i o n  and /o r  a  more i n t e n s i v e  s i t e  p r e p a r a t i o n .  

T h i s  s t u d y  w a s  i n s t a l l e d  t o  c o m p a r e  
p l a n t i n g ,  d i r e c t  s e e d i n g ,  and n a t u r a l  r egenera -  
t i o n  i n  h o n e y s u c k l e - i n f e s t e d  o p e n i n g s  o f  a n  
uneven-aged l o b l o l l y  p ine  s t and .  

METHODS 

S tudy  Area 

The s t u d y  was  i n s t a l l e d  i n  an u n e v e n - a g e d  
l c b l o l l y  p i n e  s t a n 6  on t h e  C r o s s e t t  Exper imental .  
F o r e s t  i n  A s h l e y  C o u n t y ,  A r k a n s a s .  S o i l  on  t h e  
a r e a  i s  Bude s i l t  l o a m ,  a  member of t h e  f i n e -  
s i l t y  f a m i l y  of Glossaqu ic  I r a g i u d a l f s ,  and t h e  
topography is f l a t .  S i t e  index  f o r  l o b l o l l y  p i n e  
i s  90 f t  a t  a g e  50. The s t a n d  c o n s i s t e d  o f  
a p p r o x i m a t e l y  70 f t 2  o f  b a s a l  a r e a ,  w i t h  volumes 
o f  1,900 f t 3 ,  (6,000 b o a r d  f e e t  ~ o y l e )  p e r  a c r e  
i n  t r e e s  w i t h  a t  l e a s t  a  4 - i n c h  d.b.h. V e r y  
l i t t l e  p i n e  r e p r o d u c t i o n  o r  h a r d w o o d s  w e r e  
p resen t .  Although t h e r e  were  many 0.05- t o  O.1- 



a c r e  open ings  i n  t h e  s t a n d ,  a  dense  g rowth  of 
J a p a n e s e  honeysuck l e  appea red  t o  be p r e v e n t i c g  
adequate n a t u r a l  regenera t ion.  

Ten & ~ r c u l a r  open ings ,  r a n g i n g  from abou t  
0.05 t o  9.1 ac r e ,  were bushhogged In  September of 
9951. Each of  t h e  10 open ings  ( b l o c k s )  was 
d i v i d e d  i n t o  3 e s s e n t i a l l y  e q u a l  "p ie -shaped"  
 lots by l i n e s  r ~ n n i n g  f rom t h e  c e n t e r  o f  t h e  
c i r c u l a r  b lock  t o  t h e  p e r i m e t e r .  One o f  t h e  
fo l lowing  techniques was used t o  regenera te  each 
of t h e  t h r e e  p l o t s :  ( 1 )  hand p l a n t i n g  of  4-0 
l o b l o i l y  p i n e  s e e d l i n g s  (2 )  d i r e c t  s e e d i n g  of  
s t r a t i f i e d ,  r epe l l en t -  t r e a t e d  seed i n  spo t s ,  and 
(3) r e l i a n c e  on n a t u r a l  r e g e n e r a t i o n  f rom s u r -  
r o u n d i n g  o v e r s t o r y  t r e e s .  T r e a t m e n t s  were 
randomly assigned t o  p l o t s  on each block. 

The same seed source was used f o r  the  seed- 
l i n g s  a s  f o r  d i r e c t  s eed ing .  Seed was from t h e  
Georgia-Pacif ic  seed orchard loca ted  ad jacent  t o  
the  Cros se t t  Experimental Forest .  Horphological  
g r a d e  1 s e e d l i n g s  (wake l ey  1954) were  hand 
p l a n t e d ,  u s i n g  a  d i b b l e ,  i n  December 1981,  a t  a  
s p a c i n g  of  a p p r o x i m a t e l y  6- by 6 - f t .  D i r e c t  
s e e d i n g  was i n  s p o t s  p r e p a r e d  w i t h  a  hoe a t  a  
s p a c i n g  of  6-by 6 - f t ,  and was accompl i shed  i n  
e a r l y  Warch of 1982. Five st r a t i f i e d ,  r epe l l en t -  
t r e a t e d  s eed  were p l a c e d  i n  e ach  s p o t .  Seeds  
were  t r e a t e d  w i t h  t h e  s t a n d a r d  a r a s a n - e n d r i n -  
l a t e x  coa t ing  prescr ibed  by Derr and Mann (1971). 

A l l  p lanted seedl ings  and direct-seeded spo t s  
were marked with wire p in s  t o  f a c i l i t a t e  re lo-  
c a t i o n  and t o  d i s t i n g u i s h  them from n a t u r a l  
s e e d l i n g s .  D i f f e r e n t  numbers of  s e e d l i n g s  and 
s e e de d  s p o t s  were  r e q u i r e d  f o r  t h e  d i f f e r e n t  
s i z e s  of  open ings ,  b u t  t h e  same number of  s eed -  
l i n g s  and s p o t s  were  used  f o r  e ach  i n d i v i d u a l  
block, ranging from 24 t o  75 per  plot .  The t h i r d  
p l o t  on each  bushhogged b lock  was dependent  on 
n a t u r a l  s e e d f a l l  f o r  r e g e n e r a t i o n ,  Seed t r a p s  
were used t o  monitor s e e d f a l l  during t h e  f a l l  and 
w in t e r  of 1981-82. 

I n  add i t i on  t o  the  10 bushhogged openings, 2 
openings were disked i n  a  supplementary s i d e  t e s t  
o f  n a t u r a l  r e g e n e r a t i o n .  No p l a n t i n g  o r  d i r e c t  
s e e d i n g  was done on t h e s e  two d i s k e d  open ings ;  
regenera t ion  was completely dependent on n a t u r a l  
s e e d f a l l .  

Measurements 

A 100-percent inventory  of planted s eed l i ngs  
and direct-seeded spo t s  was conducted a t  t he  end 
of t he  f i r s t  and second growing seasons. Heights  
of s e e d l i ngs  were recorded t o  t he  nea r e s t  0.1 f t .  
Fo r  t h e  d i r e c t - s e e d e d  s p o t s ,  a  s u c c e s s f u l  s p o t  
cons is ted  of one or  more seed l ings ,  but only t he  
l a r g e s t  s eed l i ng  on each spot  was measured. 

Fou r  c i r c u l a r  m i l a c r e  p l o t s ,  Loca ted  a t  
random, were used t o  eva lua te  n a t u r a l  regenera- 
t i o n  on t he  p l o t s  assigned t h i s  t rea tment  w i th in  

each  b l o c k  and a l s o  f o r  e ach  of  t h e  two s u p p l e -  
rrinntal disked openings. Pjurnber of seed l ings  per  
a c r e  and pereent  mi laere  s tocking  were determine? 
from t h e se  inventor ies .  

The s tudy  design provided f o r  a  s t a t i s t i c a l  
com~ar i sor i  between t rea tments ,  but a  sub j ec t i ve  
eva lua t ion  of t he  r e s u l t s  ind ica ted  that such an 
a n a l y s i s  woaid  be meaningless. 

RESULTS 

Natura l  s e e d f a l l  during the  f a l l  and w in t e r  
o f  1981 -82,  a s  d e t e r m i n e d  by s eed  t r a p s ,  ranged  
from 30,000 t o  100,000 and averaged 64,000 sound 
seeds  per  acre. This  moderate s e e d f a l l  r e su l t ed  
i n  a n  a v e r a g e  of  1 ,250  n a t u r a l l y  e s t a b l i s h e d  
seedl ings  per  a c r e  a f t e r  t he  f i r s t  year ,  but l e s s  
than one-third of t he  mi lacre  p l o t s  were s tocked 
wi th  a t  l e a s t  one s eed l i ng  (Table 1). The he ight  
o f  t h e s e  s e e d l i n g s  ave r aged  0.4 f t  a f t e r  one  
growing season. The number of n a t u r a l  s eed l i ngs  
p e r  a c r e  had d e c l i n e d  t o  6 7 5  a f t e r  two g rowing  
seasons, wi th  only a  22-percent mi lacre  stocking. 
S e e d l i n g  h e i g h t s  ave r aged  o n l y  0.6 f t  a f t e r  2  
y e a r s .  Moreover,  a  dense  g rowth  of  honeysuck l e  
r e o c c u p i e d  t h e  p l o t s  t h e  f i r s t  g rowing  s e a s o n  
fo l lowing  bushhogging and e f f e c t i v e l y  suppressed 
t h e  s e e d l i n g s .  Hence, dependence  on n a t u r a l  
r e g e n e r a t i o n  of  open ings  where  J a p a n e s e  honey- 
s u c k l e  h a s  b e e n  b u s b h o g g e d  a p p e a r s  h i g h l y  
ques t ionable .  

D i r e c t  s e e d i n g  t r i a l s  d i d  n o t  have  any 
b e t t e r  r e s u l t s  than n a t u r a l  regenerat ion.  Obser- 
v a t i o n s  of  s p o t s  soon  a f t e r  s e e d i n g  i n d i c a t e d  
heavy  l o s s e s  o f  s eed  t o  b i r d s  a n d / o r  r o d e n t s .  
Fragments of seed coa t s  were found on spo t s  t h a t  
had been scraped c lean  f o r  s i t e  preparat ion.  It  
i s  known t h a t  b i r d s  and r o d e n t s  w i l l  s a m p l e  
r epe l l en t - t r e a t ed  seed, o f t en  tak ing  a  s u b l e t h a l  
dose before r e j e c t i n g  them. I n  t he  presen t  case ,  
t h e r e  were  o n l y  a  few s e e d s  i n  e ach  bushhogged 
opening--a maximum of 175 (35 spo t s  with 5 seeds  
p e r  s p o t ) .  Even w i t h  o n l y  a  few b e i n g  s amp led ,  
t h e  number of  s e e d  was s u b s t a n t i a l l y  reduced .  
Consequently, only 2 8  percent  of t he  seeded s p o t s  
had one o r  more s eed l i ngs  a t  t he  end of the  f i r s t  
y e a r  ( T a b l e  1 ). These  s e e d l i n g s  ave r aged  0.4 f t  
i n  he ight ,  exac t l y  the  same a s  n a t u r a l  seedl ings.  
The p e r c e n t a g e  of s p o t s  w i t h  s e e d l i n g s  had de- 
c l i n e d  t o  22 p e r c e n t  a f t e r  2 y e a r s ,  w i t h  
s eed l i ngs  averaging 0.6 f t  i n  height .  Even a f t e r  
1 y e a r ,  however ,  honeysuck l e  had r e i n v a d e d  t h e  
c leared  direct-seeded spo t s  and was shading out  
t h e  seed l ings .  

S u r v i v a l  o f  p l a n t e d  s e e d l i n g s  averaged EK3 
percent  a f t e r  I year  (Table 1). Deqpite heavy 
browsing by deer ,  these  s eed l i ngs  averaged 1.1 f t  
i n  he igh t  and were almost  t h r e e  t imes  a s  t a l l  a s  
n a t u r a l  s eed l i ngs  o r  those  r e s u l t i n g  from d i r e c t  
seeding. Of course,  honeysuckle had reinvaded t h e  
area. Surv iva l  had decl ined t o  69 percent  a f t e r  
2  years ,  but was deemed acceptable.  . In  s p i t e  of 
c o n t i n u e d  b rows ing  by d e e r ,  t h e s e  s e e d l i n g s  



T a b l e  I.--Summary o f  s e e d l i n g  d a t a  a f t e r  o n e  and t w o  g r o w i n g  s e a s o n s  

Disked ~ i ~ t s _ ? _ /  Bushogged ~ l c t s  
S e e d l i n g  Caatural N a t u r a l  D i r e c t  P l a n t e d  

d a t a  r e g e n e r a t i o n  r e g e n e r a t i o n  s e e d i n g  s e e d l i n g s  

F i r s t  Year 

S e e d l i n g s  ( p e r  a c r e )  11,750 

Milac re  s t o c k i n g  ( p e r c e n t )  1 GO 

~ u c c e s s / s u r v i v a l  ( p e r c e n t )  - - 

Height  ( f e e t )  0 .4  

Second Year -- 
S e e d l i n g s  (per  a c r e )  4,125 

M i l a c r e  s t o c k i n g  ( p e r c e n t )  100 

~ u c c e s s / s u r v i v a l  ( p e r c e n t )  -- 

Height  ( f e e t )  1.9 

A v e r a g e  o f  t w o  p l o t s ;  a l l  o t h e r  d a t a  r e p r e s e n t  a n  a v e r a g e  o f  
t e n  p l o t s .  

a v e r a g e d  1.9 f t  i n  h e i g h ?  r-f t e r  2 y e a r s ,  ant? t h e  
t o p s  of m o s t  w p r p  ohfi*re t h e  e n c r o a c h i n g  honey-  
s u c k l e .  

I n  t h e  s u p p l e m e n t a l  s i d e  t e s t  w h e r e  t w o  
o p e n i n g s  w e r e  d i s k e d  a n d  no p l a n t i n g  o r  d i r e c t  
s e e d i n g  was done, c o n t r o l  of t h e  honeysuckle  was 
s t i l 3  e f f e c t i v e  a f t e r  2 y e a r s .  A t  t h e  end o f  
t h e  f i r s t  y e a r ,  t h e r e  was  a n  a v e r a g e  of 1 Z ,750 
s e e d l i n g s  p e r  a c r e ,  w i t h  1 0 0  p e r c e n t  m i l a c r e  
s t o c k i n g .  T h i s  was a d i r e c t  r e s u l t  of an  enhanced 
s e e d b e d  and r e d u c t i o n  o f  honeysuckle  compe t i t ion .  
T h e s e  s e e d l i n g s  averaged 0.4 f t i n  height----  t h e  
s a m e  a s  n a t u r a l  s e e d l i n g s  on  t h e  bushhogged  
p l o t s .  A f t e r  2 y e a r s ,  t h e r e  were 4,125 s e e d i i n g s  
p e r  a c r e ,  a n d  100 p e r c e n t  o f  t h e  m i l a c r e s  w e r e  
s t i l l  s t o c k e d .  B e c a u s e  o f  t h e  a d d i t i o n a l  s i t e  
p r e p a r a t i o n  and c o n t r o l  of t h e  honeysuckle ,  t h e s e  
s e e d l i n g s  a v e r a g e d  1.9 f t  i n  h e i g h t  a f t e r  2 
y e a r s ,  t h e  s a m e  h e i g h t  a s  p l a n t e d  s e e d l i n g s  
a f t e r  2 yea r s .  

The key t o  s u c c e s s f u l  n a t u r a l  r e g e n e r a t i o n  
o f  o p e n i n g s  i n  u n e v e n - a g e d  l o b l o l l y  p i n e  s t a n d s  
i n f e s  t e d  w i t h  Japanese  honeysuckle  is e f f e c t i v e  
c o n t r o l  o f  t h e  h o n e y s u c k l e .  B u s h h o g g i n g  i s  n o t  
a n  e f f e c t i v e  means  o f  c o n t r o l l i n g  h o n e y s u c k l e  
s i n c e  i t s  p r o f u s e  g rowth  w i l l  r e i n v a d e  t h e  a r e a  
a f t e r  o n l y  f y e a r *  N a t u r a l  r e g e n e r a t i o n  a n d  

d i r e c t  s e e d i n g  w e r e  b o t h  u n s u c c e s s f u l  on b u s h -  
hogged  a r e a s .  A f t e r  2 y e a r s ,  p l a n t e d  s e e d l i n g s  
had  become e s t a b l i s h e d  on p l o t s  t h a t  had  b e e n  
bushhogged  and  w e r e  c a p a b l e  o f  c o m p e t i n g  w i t h  
t h e  h o n e y s u c k l e .  D i s k i n g  c o n t r o l l e d  t h e  honey- 
s u c k l e  on two p l o t s ,  p e r m i t t i n g  n a t u r a l  s e e d l i n g s  
t o  become e s t a b l i s h e d .  The l a r g e r  n u m b e r  a n d  
g r e a t e r  h e i g h t  o f  n a t u r a l  s e e d l i n g s  o n  d i s k e d  
p l o t s  pornpared t o  n a t u r a l  s e e d l i n g s  on bushhogged 
p l o t s  a f t e r  2 y e a r s  was  t h e  r e s u l t  o f  b e t t e r  
seedbed p r e p a r a t i o n  and c o n t r o l  of honeysuck le  by 
d i s k i n g .  
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RESULTS OF A QUESTLBNNAIM ON REGENERATION OF 

1 / PIkT SITES IN THE SOUTHEAST- 
2 / J. A. Burger, R. A. Kluender, and R. L. Izlar- 

Abstract. A questionnaire was sent to forest managers 
of MA-member coqanies to determine how forest regeneration 
prescriptions are made, what factors affect the prescription 
process, and how site preparation might change in the future. 
Based on the results, economic and legislative constraints 
are having an effect on regeneration management, but the 
silvicultural needs of forest sites are still fundamental in 
making regeneration prescriptions. An increasing amount of 
mature plantations and fewer hardwood-to-pine conversions 
will require less intensive site preparation in the future. 
The availability of new herbicides and the high cost of 
mechanical site preparations are also partly responsible 
for a trend toward less intensive operations. There was 
little indication that harvesting and regeneration activities 
were coordinated to maximize regeneration efficiency. 
Overall better comunication is needed between procurement 
and regeneration personnel. 

INTRODUCTION 

Fores t  managers i n  t h e  southeast  a r e  
cormnit ted  t o  t he  successfu l  regenerat  ion of 
p ines ,  During t h e  pas t  twenty years most 
regenera t ion on indus t ry  lands has been 
accomplished by p lant ing  1-0 pine seedl ings  
a f t e r  c l e a r c u t t  ing and s i t e  prepara t ion ,  
Idea l ly ,  s i t e  prepara t ion  would be prescr ibed  
based pr imar i ly  on s i l v i c u l t u r a l  needs; however, 
regenera t ion  p re sc r ip t  ions a r e  more d i f f i c u l t  t o  
p lan  now than  they were t e a  years  ago. Changes 
i n  harves t ing  methods, management ob jec t ives ,  
l imi ted  c a p i t a l ,  f u e l  a l l o c a t i o n s ,  r e s t r i c t i v e  
l e g i s l a t i o n ,  and env i romen ta l  awareness have 
c r ea t ed  problems f o r  f o r e s t  rnanagers who at tempt 
t o  balance many concerns i n  t h e i r  p r e sc r ip t ions ,  

(1)  A paper presented a t  t he  Third Biennial  
S i l v i c u l t u r a l  Conference, Moventber 7-8, 
1984, At lanta ,  GA. 

(2) Ass i s t an t  Professor,  Fores t ry  Department, 
Virg in ia  Polytechnic I n s t i t u t e  and S t a t e  
Universi ty,  Blacksburg, VA; Ass i s t an t  
Professor ,  Fores t ry  Depar tmnt ,  Universi ty 
of Arkansas a t  Honticel lo;  and Executive 
Direc tor ,  Miss iss ippi  Fores t ry  Associat ion,  
Jackson, M I ,  

As a r e s u l t ,  t he  f o r e s t  being regenerated on 
indus t ry  lands today i s  being shaped by 
economic, leg i s  l a t  i ve  , and environments 1 
concerns a s  well  a s  t he  s i l v i c u l t u r a l  needs of 
t he  f o r e s t  s i t e .  

The ques t ionnai re  was p a r t  of a  survey 
sponsored by t h e  American Pulpwood Associat ion 
(APA) i n  i t s  continuing e f f o r t  t o  ob t a in  
information t h a t  can be used by f o r e s t  managers 
i n  t h e i r  planning. The purpose of t h e  
ques t ionnai re  was t o  determine who makes 
regenerat ion p re sc r ip t ions ,  what f ac to r s  a f f e c t  
t he  p re sc r ip t ion  process,  and how s i t e  
prepara t ion  might change i n  t h e  fu tu re ,  

RESULTS 

A l l  APA-aber f o r e s t  companies located i n  
both t he  Southeast and Southwest Technical 
Divisions,  a s  well  a s  ocher cooperat ing 
companies, were asked t o  p a r t i c i p a t e ,  The 
answers t o  t he  quest ions a r e  based on t h e  
responses of for ty-s ix  pa r t i c ipan t s  making 
assessments of t h e i r  regenerat ion programs 
during 1982, 

I :  Uho (management l eve l  t i t l e )  - 
makes the  s i t e  prepara t ion  

p re sc r ip t ions  f o r  your company? 



Response I: Figure 1 depic ts  a t y p i c a l  
woodlar~ds organizat ion.  The highest  l eve l  i s  a 
wood l a e d s  manager, poss ib ly  a corpora te  vice- 
p r e s i d e n t .  A t  t he  o the r  end of t h e  
o r g a n i z a t i o n a l  diagram i s  t he  d i s t r i c t  f o r e s t  
m n a g e r  who usual ly  has considerable experience 
i n  a lo lca l  a rea .  The average reported l eve l  a t  
which p r e s c r i p t i o n s  were made was ju s t  s l i g h t l y  
lower t; han the  d iv i s ion  l eve l  manager, but was 
h igher  than t h a t  of t he  d i s t r i c t  l eve l  manager. 

A TIMBERLAND GENERAL MGR 

I 
I 

f3 LAN0 RESOURCE MGR 

I 
1 STAFF ADMINISTRATION 

D DISTRICT LAND MANAGER 

Figure  1.--Typical f o r e s t  management o rgan i za t i ona l  
s t r u c  tu re .  

Ques t ion  2: 

Lis t ed  below a r e  various f a c t o r s  which could 
i n f l u e n c e  a manager i n  making regenera t ion 
p r e s c r g p t i o n  dec is ions .  P lease  read the  e n t i r e  
l i s t  a n d  then number i n  order  of importance, 
wi th  #I being the  most important, Do not  repeat  
a number (e.g., t h e r e  should not  be two B l ' s  o r  
t h r ee  #7s). 

Growth opt imiza t ion  
Ease of p l an t ing  
Time s ince  harvest  
Tota l  ac re s  t o  be prepared t h i s  year 
Local labor supply ( con t r ac to r s ,  e t c  . 
Managment d e s i r e s  
Last month's p r o f i t  and lo s s  statement 
Equipment a v a i l a b l e  
Capi ta l  ($1 a v a i l a b l e  
S i l v i c u l t u r a l  needs of t r a c t  
Desired end products  
Residual ma te r i a l  l e f t  on t r a c t  
Hardwood component of previous stand 
Tota l  cos t  
Terra in  l i m i t a t i o n s  
Stand n u t r i t i o n a l  r e q u i r m e n t s  
S o i l  type 
S o i l  drainage r e q u i r m e n t s  
Ron-point source po l lu t ion  cons idera t ions  
Previous stand spec ies  
Compet it ion c o n t r o l  
Surviva 1 
Other 

The 18 most important f a c t o r s  a r e  presented  
i n  Table 1 i n  descending order.  The f a c t o r s  
were f u r t h e r  separated i n t o  two broad 
ca tegor ies :  Those t h a t  address  t he  
s i l v i c u l t u r a l  needs of t h e  t r a c t ,  i , e , ,  
establishment,  product iv i ty ,  and y i e l d ,  and 
those t h a t  address more i m e d i a t e  managmeat 
concerns such a s  cos t ,  production,  and 
a v a i l a b i l i t y  of manpower. 

Table 1.--Importance ranking of s i t e  p r e p a r a t i o n  
c r i t e r i a .  

Order Pactor 
Average Mi&m Standard 

Iqrtance Deviation 

1 Silvicultural 4.39 1 14 3.28 
needs of tract 

2 Growth 6.51 1 18 5.46 
optimization 

3 Terrain 7.67 1 17 4.31 

4 Survival 7.44 1 22 6.39 

5 Residual material 8.11 1 21 5.45 

6 Competition antrol 8.72 1 20 5.21 

8 Managenant desires 9.24 1 22 6.32 

9 Capital availabla 9.55 1 20 6.63 

10 Percent hardvood 10.14 3 19 4.72 

11 Soil type 10.73 3 20 5.23 

12 Equipment 12.59 2 22 5.05 
availability 

13 Drainage 12.62 2 22 5.84 
requirements 

14 Total acres to plant 12.77 3 21 5.52 

15 Tim since harvest 12.83 1 20 4.31 

16 Ease of planting 12.88 1 22 5.60 

17 Previous stand 13.29 6 22 4.92 
species 

The f a c t o r s  a s soc i a t ed  wi th  s i f v i c u l t u r e  i n  
descending order  of importance were: 

1.  S i l v i c u l t u r a l  needs of t h e  t r a c t  

Growth opt  imiza t ion 
Terra i n  
Surviva 1 
Compe t it ion cont ro  1 
Percent hardwood 
S o i l  type 
Drainage requirements 
Time s ince  harvest  
Previous stand (spec ies)  

Those f a c t o r s  t h a t  addressed mnagementfcapitalb 
money resources i n  descending o rde r  of 
importance were: 



1, Residual ma te r i a l  l e f t  on t r a c t  
2 ,  Tota l  cos t  
3, finagement d e s i r e s  
4 ,  Available c a p i t a l  
5. Equipment a v a i l a b i l i t y  
6 ,  Tota l  ac re s  t o  p l an t  
7. Ease of p lant ing  (production) 
8. Po in t ,  non-point po l lu t ion  requirements 

Of t h e  18  f ac to r s  considered,  four of t h e  
f i r s t  f i v e  ranked h ighes t  i n  p r i o r i t y  were 
s i l v i c u l t u r a l l y  or ien ted;  however, only s i x  of 
t he  f i r s t  ten  f ac to r s  were s i l v i c u l t u r a l  
concerns. 

An ana lys i s  was made t o  de tern ine  i f  
managers a t  d i f f e r e n t  l eve l s  considered 
d i f f e r e n t  c r i t e r i a  (Figure 2). The f i r s t  f i v e  
f a c t o r s  i d e n t i f i e d  by management Level B ( r e f e r  
t o  Figure 11, i n  descending order  of importance 
were : 

1. Growth opt imiza t i sn  
2. Terra in  
3 .  S i l v i c u l t u r a l  needs s f  t he  t r a c t  
4 .  Surviva l  
5. Residual ma te r i a l  l e f t  on t r a c t  

Those f ac to r s  i d e n t i f i e d  by management 
Level C ,  i n  descending order  of importance were: 

1. S i l v i c u l t u r a l  needs of t he  t r a c t  
2 ,  Terra in  
3 .  Cap i t a l  a v a i l a b l e  
4 ,  Growth optimization 
5. To ta l  cos t  

Those factors identified by managtinent Level 
D, in descending order of importance were: 

I. Silvicultural needs of the tract 
2. Survival 
3. Growth optimization 
4. Residual material 
5. Competition control 

It i s  apparent  from the  responses t h a t  many 
of t he  same f a c t o r s  a r e  considered a t  d i f f e r e n t  
mnagement l eve l s ,  and t h a t  s i l v i c u l t u r a l  
concerns a r e  e spec i a l l y  important i n  dec is ion  
mking  a t  a l l  leve ls .  Therefore, i f  c a p i t a l  
resources a r e  ava i l ab l e ,  s i l v i c u l t u r a l  needs of 
the t r a c t  w i l l  probably con t ro l  regenera t ion  
dec is ions  a t  a l l  management l eve l s ,  

Question 3: 

I n  t he  fu tu re ,  do you plan t o  increase ,  
decrease,  o r  s t a y  the  same i n  regard t o  t he  
number of ac re s  t r ea t ed  by d i f f e r e n t  s i t e  
prepara t ion  methods? 

Responses t o  t h i s  quest ion show t h a t  s i t e  
prepara t ion  w i l l  change r a t h e r  dramat ica l ly ,  
Ditching and micro s i t e  prepara t ion  w i l l  
increase  s l i g h t l y  i n  t he  fu tu re  ( ~ i ~ u r e  3 ) .  Of 
t he  conventional  t reatments,  use of herb ic ides  
w i l l  increase  t he  most, while disking and 
chopping w i l l  increase  moderately. Only s l i g h t  
increases  w i l l  be made i n  t he  number of a c r e s  
burned, s c a r i f i e d ,  and bedded. A s l i g h t  
reduction w i l l  be made i n  the  number of a c r e s  
sheared, with a moderate t o  strong decrease i n  
raking. 

MANAGEMENT LEVELS 

B - LAND RESOURCE 
C- DIVlStON LAND MANAGER 
D- DISTRICT LAND MANAGER 

FACTORS INFLUENCING SITE PREPARATION PRESCRIPTIONS 
Figure 2.  Average Importance of Site Regeneration Prescription Factors by &nagemeat t fve l  



Table 2. Propor t ion  of va r i ous  s tand  t y p e s  
be ing  converted t o  p ine  p l a n t a t i o n s  

RATE DECEASE 

s m e  DECREbsE 

9 L M  tNGREASE 
smw .--....-...._- 

1 DECREASE 

P r s v i o u a  Stand  

d 1 5 Q 

I 
5 

I 
Har 14.27 15.47 0 59 

N a t u r a l  P i n e  35.80 21.55 5 90 

SPECUILIZED 
TREATWXT 

WNMNTIOHAL SITE PREPbRATIOW 
TREATMENT 

Response 5: 

Quest i o n  5: 

Mixed Pine H ~ d v o o d  35.02 21.07 3 82 

Figure  3. Ant ic ipa ted  changes i n  t he  use of 
v a r i o u s  s i t e  r egene ra t i on  t rea tments .  

Conventional  t reatments a r e  ordered ( l e f t  
t o  r i g h t )  on the  graph i n  increasing i n t e n s i t y  
of t r ea tmen t ,  The genera l  downward trend of t h e  
da ta  i n d i c a t e s  t h a t  l e s s  in tens ive  treatments 
t h a t  cause  l e s s  s i t e  disturbance w i l l  become 
more p reva l en t  i n  t he  fu ture .  Except f o r  
d i s c i n g ,  t reatments t h a t  move organic ma te r i a l  
and d i s t u r b  t he  s o i l  su r f ace  w i l l  be used l e s s .  
A s  more and more ac re s  a r e  es tabl i shed  i n  
p l a n t a t  ions,  l e s s  heavy conversion work w i l l  be 
needed, Fores t  managers a r e  a l s o  becoming more 
aware o f  the  poss ib le  reductions i n  s i t e  qua l i t y  
t h a t  v e r y  in tens ive  s i t e  prepara t ion  treatments 
may cause .  

What percentage  of your harves t-p l an t  convers ion 
i s  done i n  t he  following ca tegor ies :  

Previous  Stand New Stand 

Hardwood t o  Pine p l an t a t i on  
Natura l  pine t o  Pine p l an t a t i on  
Mixed p i n e  hardwood t o  Pine p l an t a t i on  
Pine p l a n t a t  ion t o  Pine p l an t a t i on  

Response 5: 

Conversion from mixed pine hardwood stands 
accounted f o r  over 35% of t he  ac re s  harvested 
and regenera ted  while conversion of na tu ra l  pine 
t o  p ine  p l an t a t i ons  accounted f o r  almost 36% of 
t h e  t o t a l  (Table 2). Hardwood t o  pine 
conversions were performed on 14%, and pine 
p l a n t s  t i ons  t h a t  f  01 lowed pine p l an t a t i ons  
accounted f o r  15% of t h e  t o t a l .  

Has t h e  suspension of 2,4,5-T a f f ec t ed  your s i t e  
p repa ra t ion  a c t i v i t i e s ?  

Respondants were i n  two c l e a r l y  d i f f e r e n t  
camps on t h i s  question. One group had not  been 
a f f ec t ed  o r  f e l t  t h a t  r e s t r i c t i o n  of  t h e  
chemical was minimal. This group accounted f o r  
25 of t he  46 responses (54%). 

The second group cons is ted  of i nd iv idua l s  
who had e i t h e r  used 2,4,5-T t o  one degree  o r  
another,  o r  needed t o  begin us ing  t h i s  
herb ic ide ,  Of those who indicated t h a t  t h e  
r e s t r i c t i o n  of 2,4,5-T would make a d i f f e r e n c e ,  
the  most f requent ly  c i t e d  problem was reduced 
f l e x i b i l i t y  i n  t he  regenerat  ion process,  Often 
more in tens ive  mechanical t reatments were 
prescr ibed  i n  place of t he  herb ic ide  t o  i n su re  
competi t ion cont ro l .  Other a l t e r n a t i v e s  t o  an  
increase  i n  mechanical operat ions were more 
expensive, newly r eg i s t e r ed  chemicals. 

Question 6: 

How have sec t ion  208 and 404 of PL 95-500 (non- 
poin t  source po l lu t ion  and dredge f i l l  
requirements) changed your s i t e  p repa ra t ion  
a c t i v i t i e s ,  i f  a t  a l l ?  

Response 6: 

Several  respondants (5 out of 4 6 ,  11%) 
reported t h a t  t h e i r  companies had been l i t t l e  
a f f ec t ed  by the  advent of point  and non-point 
planning requirements s ince  t h e i r  own company 
pol icy  had long s t r e s sed  the  same p r o t e c t i v e  
measures imposed by t h e  law. 

Of those companies t h a t  reported changing 
philosophies (78%),  t h e  s i n g l e  most s i g n i f i c a n t  
change was the  add i t i on  of buffer  s t r i p s  along 
streams (streamside management zones), and a 
subsequent s l i g h t  l o s s  of p lantable  land. 
Apparent b e n e f i t s  of t h e  Leg i s  l a t i o n  were b e t t e r  
planning,  contour opera t ions  on s lopes ,  and 
genera l ly  increased corpora te  understanding of 
t h e  env i romen ta l  hazards of broadscale 
opera t ions ,  Some r epo r t s  indicated a shrinkage 
i n  t h e  average s i z e  of t r a c t s  being t r e a t e d ,  
while some land was pulled out of production 
because of an i n a b i l i t y  t o  provide the  degree of  
p ro t ec t ion  demnded by t h e  s p i r i t  of t h e  law. 



Other genera l  t rends  were s t a b i l i z a t i o n  
a t t a p t s  such a s  use of water ba r s ,  seeding open 
a r e a s ,  and bu f f e r  zones, While more c o s t l y  i n  
many ways, pine regenera t ion  i n  t h e  South w i l l  
become more d i v e r s i f i e d  a s  a r e s u l t  of t h i s  
leg i s  l a t i o n ,  Planning will include s i t e  
spec i f  i c  p re sc r ip t  ions t h a t  accomodate both 
regenera t ion  and p ro t ec t ion  requirements, 

I f  an a r ea  i s  except ional ly  wel l  harvested and 
u t i l i z a t i o n  i s  high (e.g., a  c lean  whole t r e e  
chip  ope ra t ion ) ,  i s  an  accounting c r e d i t  given 
t o  s i t e  preparat ion? 

How i s  it applied? 

I f  harves t ing  c o s t s  a r e  higher with g r e a t e r  
u t i l i z a t i o n ,  i s  t h i s  e x t r a  cos t  a l l ,  o r  i n  p a r t ,  
underwrit ten by s i t e  prepara t ion  accounts? 

Response 2: 

Of the  46 respondants, only 4 reported a 
c r e d i t  t o  s i t e  prepara t ion  operat ions f o r  good 
harves t ing .  Credit  was recognized e i t h e r  
d i r e c t l y  by a d o l l a r  exchange between accounts,  
i n d i r e c t l y  i n  t he  form of l e s s  i n t ens ive  s i t e  
prepara t ion  t rea tments ,  o r  by a formal 
r e a l i z a t i o n  by management of reduced cos t  i n  
s i t e  prepara t ion  due t o  increased cos t  i n  
harves t  ing . 
Quest im 8: 

I n  your opinion, how can harves t ing  and 
regenera t ion  opera t ions  be combined o r  otherwise 
managed t o  reduce t o t a l  woodlands d i v i s i o n  o r  
departmental  cos t?  

Response 8: 

Most respondants had a number of ideas  of 
how t o t a l  cos t  could be lowered, Most 
f requent ly  mentioned was b e t t e r  u t i l i z a t i o n  of 
a l l  harves table  ma te r i a l ,  This was e s p e c i a l l y  
t r u e  of t he  hardwood component. Various methods 
of Liason were suggested, but  a11 mentioned the  
need f o r  b e t t e r  comunica t  ion between 
p rocu rwen t  and regenera t ion  personnel wi th in  a 
company. Some took an adminis t ra t ive  hard-l ine 
approach and suggested t h a t  high l e v e l  
adminis t ra tors  impose standards,  while o the r s  
f e l t  t h e  job could be done a t  a  much lower 
L eve l , 

Probably the  bes t  suggest ions included t h e  
l iason  a c t i v i t i e s  mentioned above. Otbers 
spec i f ied  t h a t  s i t e - spec i f i c  regenerat ion needed 
t o  include p re sc r ip t  ions f o r  harves t ing  
opera t ions  a s  wel l  a s  s i t e  preparat ion.  

Another suggest ion was t o  s h i f t  t h e  problem 
ou t s ide  of t he  organiza t ion ,  thus requi r ing  
con t r ac to r s  t o  do both harves t ing  and s i t e  
prepara t ion  within very t i g h t  guidelines. 



D IRECT SEEDING SLASH FINE BEFORE CLEI\RCUTTING' 

E a r l e  I?. Jones ,  Jr, 2 

Abstract.--Four s e p a r a t e  sawtimber s t a n d s  i n  t h e  middle 
c o a s t a l  p l a i n  of Georgia were prescr ibed  burned and furrow 
seeded wi th  s l a s h  pine (P inus  e l l i o t t i i  Engelm, var .  
e l l i o t t i i )  b e f o r e  c l e a r c u t t i n g .  Desp i te  logging over  t h e  
seeded furrows,  e m p i r i c a l  observa t ions  of e s t a b l i s h e d  s t a n d s  
a t  ages 16 t o  22 showed t h a t  they were on ly  s l i g h t l y  l e s s  
p roduc t ive  than  i n  a d j a c e n t  a r e a s  i n  t h e  same c l e a r c u t s  t h a t  
had been s i t e  prepared and p lan ted  wi th  s e e d l i n g s  a f t e r  
c u t t i n g .  Due t o  much lower es tab l i shment  c o s t s ,  e s t imated  
n e t  r e t u r n s  on merchantable  volumes favored t h e  
d i rec t - seeded  s tands .  

INTRODUCTION 

D u r i n g  t h e  1960's t h e r e  was c o n s i d e r a b l e  
i n t e r e s t  and r e s e a r c h  i n  d i r e c t  seeding s l a s h  
( P i n u s  e l l i o t t i i  ~hszelrn. v a r .  e l l i o t t i i ) ,  l o n ~ l e a f  
iP. p a l u s t r i s    ill.}, and l o b l o l l y  (g. t aeda  i.) 
pines .  T h i s  was a  r e s u l t  of t h e  development of 
r e l i a b l e  r e p e l l e n t s  f o r  c o a t i n g  seed i n  t h e  l a t e  
1950's.  Through r e s e a r c h  and f i e l d  t r i a l s  by 
i n d u s t r y  and S t a t e  and F e d e r a l  a g e n c i e s ,  t h e  tech-  
nology f o r  s u c c e s s f u l  d i r e c t  seeding was developed 
and documented (Anon. 1965, Derr  and Mann 1971). 
Methods inc luded  broadcas t  and row seed ing ,  and 
s e v e r a l  t rac tor -mounted  row seeders  were developed 
f o r  use  o n  woodland s i t e s .  

I n  1963, a  d i f f e r e n t  a p p l i c a t i o n  of d i r e c t  
seed ing  was conceived,  which was t o  d i r e c t  seed 
beneath a s t a n d  b e f o r e  i t  was c l e a r c u t .  As opposed 
t o  t h e  removal  o r  r e d u c t i o n  of logging d e b r i s  f o r  
i n t e n s i v e  s i t e  p r e p a r a t i o n ,  t h e  r a t i o n a l e  i s  t h a t  
i f  s e e d i n g  can be done whi le  t h e  t r e e s  a r e  s t i l l  on 
t h e  s tump then t h e  d e b r i s  i s  not  a  hinderance t o  
d i r e c t  s e e d i n g .  I n  a d d i t i o n ,  i f  logging i s  com- 
p l e t e d  s o o n  a f t e r  seed ing ,  t h e  seed w i l l  germinate  
and s e e d l i n g s  w i l l  develop a s  logging d e b r i s  de- 
t e r i o r a t e s - - i n  f a c t ,  t h e  d e b r i s  a f f o r d s  some pro- 
t e c t i o n  t o  t h e  seed bed. I f  t h i s  method proved 
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S o u t h e a s t e r n  F o r e s t  Experiment S t a t i o n  i n  coopera- 
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s u c c e s s f u l ,  t ime and c o s t  f o r  heavy s i t e  prepar-  
a t i o n  could be saved. 

Some e x p l o r a t o r y  f i e l d  t r i a l s  of d i r e c t  seed- 
i n g  before  c l e a r c u t t i n g  were i n s t a l l e d  d u r i n g  
1960's on t h e  Holt Walton Experimental F o r e s t ,  

!ihe 
But a s  i n t e r e s t  i n  d i r e c t  seeding waned, t h i s  work 
was not  pursued. 

I n  r e c e n t  y e a r s  t h e r e  has  been a  d i s t u r b i n g  
t r e n d  of c l e a r c u t t i n g  smal l  f o r e s t  p r o p e r t i e s  with- 
o u t  p r o v i s i o n  f o r  pine r e g e n e r a t i o n ,  The Georgia  
F o r e s t r y  Commission has embarked on a  commendable 
program t o  counte r  t h i s  t r e n d  by demonstrat ing a l l  
t h e  r e g e n e r a t i o n  o p t i o n s  a v a i l a b l e  t o  landowners, 
wi th  t h e  hope t h a t  every landowner w i l l  f i n d  some 
method o r  c o s t  range t h a t  w i l l  s u i t  h i s  o r  h e r  
need. Thanks t o  coopera t ing  f o r e s t  i n d u s t r i e s  i n  
t h e  s t a t e ,  t h e  Commission can a l s o  provide seed f o r  
d i r e c t  seed ing ,  a t  no c o s t ,  t o  q u a l i f i e d  land-  
owners. 

Prompted by t h i s  new i n t e r e s t  i n  d i r e c t  seed- 
i n g ,  I thought  i t  would be i n s t r u c t i v e  t o  measure 
t h e s e  a r e a s  t h a t  were d i r e c t  seeded b e f o r e  c l e a r -  
c u t t i n g ,  now a t  ages 16 t o  22, and compare them 
w i t h  t h e  a d j a c e n t  a r e a s  t h a t  were c l e a r c u t  a t  t h e  
same time bu t  s i t e  prepared and p lan ted  by conven- 
t i o n a l  methods. 

STUDY AREA 

The s tudy  was i n s t a l l e d  over  a  6-year p e r i o d ,  
from 1962-1969, on t h e  Holt  Walton Experimental  
F o r e s t  i n  Dooly County, i n  t h e  middle c o a s t a l  p l a i n  
of Georgia. The a r e a s  used each year  were 50-acre 
square  t r a c t s  des igna ted  f o r  o p e r a t i o n a l  c l e a r -  
c u t t i n g  under t h e  r o u t i n e  management p lan  f o r  t h e  
f o r e s t .  Under t h e  a r e a  c o n t r o l  scheme employed i n  
t h e  p lan ,  t h e s e  50-acre t r a c t s  a r e  one-fourth of a  
surveyed land  l o t  and do n o t  conform t o  s t a n d  
boundaries  o r  topographic f e a t u r e s .  They c o n t a i n  
most ly s l a s h  and longleaf  p ines  on g e n t l y  s l o p i n g  
t e r r a i n  w i t h  i n t e r m i t t e n t  s t reams bordered by 



narrow bands of sc rubs  and smal l  hardwoods. 
S o i l s  on t h e  s tudy  a r e a s  a r e  most ly loamy 

sands s f  the  G i i e a d ,  Lakeland,  and Susquehanna 
series, c h a r a c t e r i z e d  by rap id  s u r f a c e  and i n t e r n a l  
d r a r n a g e ,  and wi th  a s l a s h  pine s i t e  q u a l i t y  of 70 
to SO ( b a s e  age 50) .  Three o f  t h e  f o u r  a r e a s  used 
f o r  d i r e c t  seeding had patchy,  n a t u r a l  s t a n d s  of 
slash and Longleaf p i n e ,  40 t o  50 years  o l d ,  and 
the o t h e r  was a 29-year-old widely spaced p lan ta -  
t i o n ,  

TREATMENTS 

One-fourth of each a r e a  was d i r e c t  seeded be- 
f o r e  c l e a r c u t t i n g  and t h e  remaining th ree- four ths  
was s i t e  p repa red  and p lan ted  a f t e r  c l e a r c u t t i n g .  
In t h i s  e x p l o r a t o r y  work, both s l a s h  and l o n g l e a r  
were seeded s e p a r a t e l y ,  bu t  only t h e  s l a s h  p ine  
p o r t i o n  i s  repor ted  i n  t h i s  paper. The d e t a i l s  
a s s o c i a t e d  wi th  each t rea tment  and i n  each y e a r  
v a r i e d  a l i t t l e ,  accord ing  t o  t h e  p a r t i c u l a r  con- 
d i t i o n s  of time and p lace .  

G e n e r a l l y ,  f o r  d i r e c t  seed ing ,  t h e  a r e a  was 
f i r s t  burned t o  remove ground l i t t e r .  This  i m -  
proved t h e  seedbed by reducing l i t t e r  and exposing 
minera l  s o i l ,  i t  k i l l e d  back t h e  smal l  hardwood 
compet f t ion ,  and i t  made i t  e a s i e r  f o r  t h e  t r a c t o r  
driver t o  s e e  o b s t a c l e s  such a s  stumps, h o l e s ,  o r  
o t h e r  hazards  which inight be under t h e  l i t t e r .  

Immediatedly b e f o r e  c l e a r c u t t i n g ,  t h e  s tand  
was underseeded by a furrow seeder  a t t a c h e d  behind 
a farm t r a c t o r ,  Seed were s t r a t i f i e d  and repe l -  
Lent - t rea ted  wi th  thiram and e n d r i n ,  and coa ted  
w i t h  aluminum f l a k e s  (Mann and Derr 1964). Seeding 
r a t e  was based on a germina t ion  t e s t  of u n s t r a t i -  
f l e d  s e e d ,  a t a r g e t  es tab l i shment  of about 800 t o  
1,000 s e e d l i n g s  per a c r e ,  and t h e  hope t h a t  about 
one ou t  of f i v e  germinated s e e d l i n g s  would s u r v i v e  
the f i r s t  summer--really a  guess. Seeding r a t e s  
ranged from 0,5 t o  1.1 pounds per  ac re .  The high- 
e s t  rate  was on one a r e a  t h a t  was not  p lan ted  u n t i l  
Late  i n  May, beyond t h e  recommended season f o r  sow- 
ing s lash pine seed i n  s o u t h  Georgia ( Jones  1971). 
Other a r e a s  were seeded i n  February and Narch. 

Two d i f f e r e n t  types  of row-seeding machines 
were used i n  d i f f e r e n t  y e a r s ,  The B-C Furrow 
Seeder  was used i n  t h r e e  of t h e  a r e a s  d i scussed  
h e r e ,  It was developed by t h e  Southern F o r e s t  
Experiment S t a t i o n  a t  Brewton, Alabama (Croker 
1964), It Is b a s i c a l l y  a s t o c k  corn seeder  modi- 
f i e d  by a  heavy frame f o r  rough woods seed ing ,  and 
aetached behind a smal l  f i r e  plow, The whole u n i t  
i s  mounted by a 3-point h i t c h  behind a  farm wheel 
t r a c t o r ,  The o t h e r  row s e e d e r ,  a l s o  on a  3-point 
h i t c h ,  was a p r s t o t y x  of a  row seeder  then being 
nevelopea a t  t n e  CSDA F o r e s t  ServxceSs  Equipment 

Development Center a t  San Dimas, C a l i f o r n i a  
(Richardson 19679, It a p l o y e d  a  vacuum seed d i s -  
pensing mechanism which was intended t o  c o r r e c t  
the  problem of i r r e g u l a r  seed d i s t r i b u t i o n  caused 
by rough woods o p e r a t i o n ,  Each machine was equip- 
ped wi th  a smal l  s o i l  c u l t i v a t i o n  device t o  p repare  
a con t inuous ,  though narrow, seedbed j u s t  ahead of 
t he  seed drop ,  a drag dev ice  t o  cover  t h e  s e e d ,  and 
a press wheel t o  f im over  t h e  top of t h e  p lan ted  
bed ,  

Seeded rows were i n s t a l l e d  more or  l e s s  on con- 
t o u r .  The d r i v e r  t r i e d  t o  keep them a s  p a r a l l e l  a s  
p o s s i b l e  and a t  t h e  p rescr ibed  d i s t a n c e  a p a r t .  
However, i t  was not  unusual f o r  rows t o  converge, 
o r  o c c a s i o n a l l y  t o  c r o s s ,  a s  t h e  d r i v e r  t r i e d  t o  
manipu la te  around t r e e s .  I n  t h e  t h r e e  n a t u r a l  
s t a n d s  i n  t h i s  s t u d y ,  d e n s i t y  ranged from 93 t o  160 
t r e e s  per  merchantable  a c r e ,  which seldom caused 
much of a  problem. Thicke ts  of pine s a p l i n g s  pre- 
s e n t e d  t h e  main problem; they would i n t e r r u p t  
s e v e r a l  a d j a c e n t  rows, and i t  was u s u a l l y  impos- 
s i b l e  t o  d r i v e  through them wi th  a  small  farm 
t r a c t o r ,  I n  t h e  one p l a n t a t i o n  seeded,  rows were 
merely i n s t a l l e d  between s tand ing  rows of t r e e s ,  

A f t e r  seed ing ,  t h e  e n t i r e  50-acre t r a c t  was 
c l e a r c u t  i n  t h e  same o p e r a t i o n  by commercial log- 
g ing  crews u s i n g  o r d i n a r y  procedures,  I n  t h e s e  
t e s t s ,  a l l  merchantable  p ines  were f e l l e d ,  l imbed,  
and trimmed t o  a  4-inch top by c h a i n  saw a t  t h e  
stump. Tree l e n g t h s  were skidded t o  a  l o g  ramp on 
t h e  s i t e .  P o l e s ,  sawtimber, and pulpwood were 
s e p a r a t e d ,  worked up, and loaded f o r  hau l  a t  t h e  
ramp. Logging crews were i n s t r u c t e d  t o  i g n o r e  t h e  
seedbeds and work r i g h t  over  them. A f t e r  logging  
was completed, t h e  furrow seeder  re tu rned  t o  t h e  
a r e a ,  and t h e  load ing  ramp, t r u c k  hau l  road ,  and 
major s k i d  t r a i l s  were reseeded.  This ended t h e  
d i r e c t  seed ing  t rea tment .  Logging d e b r i s  was l e f t  
where i t  had f a l l e n  on t h e  seeded furrows. 
Follow-up hardwood c o n t r o l  by i n d i v i d u a l  stem 
t rea tment  could be a p p l i e d  i n  t h e  f i r s t  s p r i n g  o r  
summer a f t e r  seed ing ,  a l though none was used on t h e  
t e s t  a r e a s  c a r r i e d  t o  completion i n  t h i s  s tudy .  

A f t e r  c l e a r c u t t i n g ,  t h e  remaining t h r e e -  
f o u r t h s  of t h e  c l e a r c u t  50 a c r e s  was l e f t  f a l l o w  
f o r  a  year  o r  more, o r  a t  l e a s t  through one summer, 
t o  a l l o w  t h e  tops  and l imbs t o  d r y  out .  The 
p l a n t i n g  s i t e  was then prepared by burning,  s i n g l e  
o r  double chopping, and bedding on 11-foot 
c e n t e r s .  S l a s h  p ine  1-0 nursery  s tock  was p l a n t e d  
a t  a  5- by 11-foot spac ing ,  o r  792 t r e e s  p e r  a c r e .  
S t .  Regis Paper Company is  one of our c o o p e r a t o r s  
on t h e  Experimental  F o r e s t  and a l l  s i t e  p r e p a r a t i o n  
and p l a n t i n g  was according t o  t h e i r  o p e r a t i o n a l  
s t a n d a r d s ,  and was done most ly by c o n t r a c t o r s .  

Of t h e  s i x  annual  i n s t a l l a t i o n s  of s l a s h  p i n e ,  
on ly  f o u r  a r e a s  could be used f o r  a  f i n a l  compar- 
i s o n  i n  1984, Of t h e  two excluded,  one had been 
i n s t a l l e d  i n  a n  a r e a  where t o o  many small  p i n e  
t r e e s  had surv ived  burning and c l e a r c u t t i n g ,  and 
by 1984 i t  was impossible  t o  d i s t i n g u i s h  between 
t h e  r e s i d u a l s  and t h e  seeded t r e e s ;  t h e  o t h e r  
d i rec t - seeded  a r e a  excluded had very  poor s u r v i v a l  
a t  age 3 ,  so i t  was s i t e  prepared and p lan ted  a long  
w i t h  t h e  o t h e r  t h r e e - f o u r t h s  of t h e  e l e a r c u t .  

On each of t h e  four  s tudy  s i t e s  remaining,  
merchantable  s t a n d s  occupied from 43 t o  83 percen t  
of t h e  t o t a l  a r e a ,  and 40 t o  73 percen t  of t h e  
t r e e s  were sawtimber. Stocking i n  these. merchant- 
a b l e  s t a n d s  ranged from 4.5 thousand board f e e t  
(Int. 114-inch r u l e )  p l u s  2 c o r d s ,  up t o  8.5 
thousand board f e e t  p l u s  10.6 cords  per  a c r e ,  The 
h e a v i e s t  s t o c k i n g  was i n  t h e  p l a n t a t i o n .  



T a b l e  1.--Stand d a t a  f o r  d i rec t - seeded  and p lan ted  t rea tments  i n  four  annual  s t u d y  a r e a s  

Trees  per  Basal  a r e a  Volume 
a c r e  ~ e r  a c r e  'cler a c r e  Crown c l a s s e s  Trees  w i t h  

2 2 3 
Trees sawtimber 
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DIRECT SEEDED 

For d i r e c t  seeded,  age i s  from seed ;  f o r  p l a n t e d ,  age i s  from o u t p l a n t i n g  of 1-0 s e e d l i n g s .  
A l l  s l a s h  p ine  having a  d.b.h. 

3 Trees having 4.6-inch dbh, and above. 
Trees per  a c r e  (Tpa) and percen t  of t o t a l  t r e e s  having r u s t  cankers  i n  lower 17 f e e t  of s tem, 
o r  i n  crown i f  s e v e r e  enough t o  t h r e a t e n  l o s s  of one-half o r  more of crown before  t r e e  r e a c h e s  
matur i ty .  
Trees per  a c r e  (Tpa) and cubic  volume of t r e e s  c u r r e n t l y  merchantable ,  i n  t he  dominant or co- 
dominant crown c l a s s e s ,  and wi thout  r u s t  a s  def ined  i n  n o t e  4 ,  above, 

Comparat ive measurements of d i  ect-seeded and t; p l a n t e d  s t a n d s  were made i n  August. I n  each 
annua l  t e s t  a r e a ,  f i v e  one-f i f th-acre p l o t s  were 
e s t a b l i s h e d  f o r  each t rea tment  s o  t h a t  t h e  samples 
of d i r e c t - s e e d e d  and p lan ted  t rea tments  were i n  
c l o s e  p rox imi ty .  

In each p l o t ,  a l l  p ine  t r e e s  were measured f o r  
d .b ,h . ,  and judged f o r  crown c l a s s  and r u s t  condi- 
t i o n .  Two t r e e s  i n  each d iameter  c l a s s  were 
measured  f o r  t o t a l  h e i g h t .  Height samples were 
combined f o r  t h e  f i v e  p l o t s  i n  each t rea tment  a r e a  
and a  combined h e i g h t  over  diameter  curve was 
f i t t e d  t o  a  model us ing  a  logar i thm of t o t a l  h e i g h t  
and r e c i p r o c a l  of age. These h e i g h t  e s t i m a t e s  and 
d i a m e t e r  measurements were then used t o  accumulate 
m e r c h a n t a b l e  and t o t a l  cubic-foot  volume e s t i m a t e s  
f o r  e a c h  p l o t  by a v a i l a b l e  equa t ions  f o r  merchant- 
a b l e  volume (McGee and Benn t t  1959) and f o r  t r e e s  
l e s s  t h a n  4.6 inches  d.b.h. 5 

U n f o r t u n a t e l y ,  t h e r e  were no r e p l i c a t i o n s  of 
t h e  s l a s h  p ine  t rea tment  w i t h i n  a  given y e a r ,  and 
t h e  a n n u a l  i n s t a l l a t i o n s  of t h e  d i r e c t  seeding 
t e s t s  d i d  n o t  c o n s t i t u t e  l e g i t i m a t e  r e p l i c a t i o n s  i n  
t ime ,  T h e r e f o r e ,  i t  was no t  p o s s i b l e  t o  app ly  
meaningfu l  s t a t i s t i c a l .  t e s t s  t o  t h e  d a t a ,  However, 
t h e  e m p i r i c a l  r e s u l t s  of d l r e c t  seeding i n  compari- 

son wi th  p l a n t i n g  provide the  b a s i s  f o r  son~e can- 
c l u s i o n s  a s  t o  t h e  success  o r  f a i l u r e  of d i r e c t  
seeding b e f o r e  c l e a r c u t t i n g ,  

RESULTS DISCUSSION 

Establ ishment  surveys  made on t h e  
d i rec t - seeded  s t a n d s  a t  age 3 showed s eed l i ng  
es tab l i shment  ranged from 4 12 t o  1 , 2 7 0  s e e d l i n g s  
per  a c r e  over  t h e  four  s tudy  a r e a s ,  I n  compar- 
i s o n ,  t h e  p l a n t e d  a r e a s  averaged 470 t o  630 t r e e s  
per  a c r e  a t  age 2 ,  o r  60 t o  80 percen t  su rv iva l  o f  
plan ted  t r e e s ,  D i r e c t  seed ing  rows had been spaced 
about  6 t o  10 f e e t  a p a r t ,  and a few i r r e g u l a r  rows 
could s t i l l  be d e t e c t e d  I n  1984 a t  ages 16 t o  22, 

Estimated s i t e  index ( b a s e  age 25) varieZ by 
on ly  1 n r  2 f e e t  between t h e  d i rec t - seeded  and 
p lan ted  t r e a t m e n t s ,  excep t  on one area where t h e  
d i rec t - seeded  t rea tment  averaged 9 f e e t  greater 
than  t h e  comparable p lan ted  a r e a ,  This  d i sc repancy  
was a t  l e a s t  p a r t l y  due t o  a few trees left as re- 
s i d u a l  s e e d l i n g s  o r  s a p l i n g s  from the  previous 
s tand .  Desp i te  t h e  confounding effect of residuals 
i n  t h e  d a t a ,  i t  could be considered an advantage 5n 
u t i l i z a t i o n  of advance reproduc t ion ,  rather than a 
l o s s  t h a t  would occur  by complete mechanical s i t e  
p r e p a r a t i o n .  

Ages of t h e  d i rec t - seeded  p l o t s  range from 16 
The Georgia F o r e s t r y  Commission provided t o  22 y e a r s  ( t a b l e  I ) ,  The planted stands were 

f i e l d  a s s i s t a n c e  f o r  t a k i n g  measurements. u s u a l l y  p lan ted  1 year  l a t e r ,  On Area 1 ,  hcwever, 

Persona l  communication wi th  Douglas R. t h e r e  was a 2-year de lay  b e f o r e  s i t e  preparation 

P h i l l i p s ,  S o u t h e a s t e r n  F o r e s t  Experiment S t a t i o n ,  and p l a n t i n g  due t o  a d m i n i s t r a t f v e  reasons .  A 

Clemson, South C a r o l i n a ,  1982. 1-year d e l a y ,  of c o u r s e ,  means t h a t  the 



di rec t - seeded  and p lan ted  a r e a s  a r e  a c t u a l l y  t h e  
same age from seed because 1-0 nursery  s t o c k  was 
used. 

About 200 t o  600 well-spaced t r e e s  per  a c r e  i s  
a n  a c c e p t a b l e  range of s t o c k i n g  f o r  a s l a s h  p ine  
p l a n t a t i o n ,  depending on whether t h e  management 
o b j e c t i v e s  a r e  f o r  pulpwood on ly  o r  i n c l u d e  saw- 
t imber  (Bennet t  and C l u t t e r  1968). The average 
s t o c k i n g  was l e s s  than  200 merchantable  t r e e s  per  
a c r e  on t h r e e  of the f o u r  seeded a r e a s  compared 
wi th  on ly  one of t h e  p lan ted  a r e a s  having l e s s  t h a ~  
200 ( t a b l e  1 ) .  Because of crowding i n  t h e  seeded 
rows, no t  a l l  of t h e  s m a l l e r  t r e e s  w i l l  be a v a i l -  
a b l e  f o r  ingrowth. 

Crowding of t r e e s  i s  o f t e n  a problem of row 
seed ing  caused by i r r e g u l a r  seed flow from t h e  hop- 
p e r  t o  t h e  furrow. For example, a j o l t i n g  seeder  
sometimes causes  no seed drop f o r  10 f e e t ,  followed 
by a dozen seed dropping i n  a couple of f e e t .  I f  
most of t h e s e  seed e s t a b l i s h  s e e d l i n g s ,  t h e  r e s u l t -  
i n g  clumping e f f e c t  i s  e v i d e n t  i n  t h e  d i s t r i b u t i o n  
of d iameters  and crown c l a s s e s .  I n  t h i s  s t u d y ,  
poor s p a t i a l  arrangement i n  t h e  d i rec t - seeded  p l o t s  
r e s u l t e d  i n  a lower p r o p o r t i o n  of t h e  t o t a l  number 
of t r e e s  a t t a i n i n g  merchantable  s i z e s  a t  t h e i r  
r e s p e c t i v e  ages ( t a b l e  1 ) .  An average f o r  t h e  
f o u r  d i rec t - seeded  a r e a s  shows t h a t  55 percen t  of 
t h e  t r e e s  a r e  i n  merchantable  s i z e  c l a s s e s  compared 
wi th  an  average of 67 percen t  f o r  t h e  p lan ted  
a r e a s .  The e f f i c i e n c y  of spacing f o r  p lan ted  t r e e s  
i s  a l s o  seen  i n  diameter  d i s t r i b u t i o n  ( t a b l e  2) i n  
which t h e  f o u r  s tudy  a r e a s  average 33 percen t  of 
t h e  p l a n t e d  t r e e s  l e s s  t h a n  5 inches  d.b.h., and 45 
percen t  of t h e  d i rec t - seed  t r e e s  s t i l l  nonmerchant- 
a b l e .  Area 4 inc ludes  one p l o t  on which seven 
t r e e s  must have been nonmerchantable r e s i d u a l s  from 
t h e  prev ious  s t a n d ,  based on t h e  f a c t  t h a t  they  
were much t a l l e r  than  t h e  o t h e r  t r e e s  on t h e  p l o t .  
Futhermore, i n  t h e  p lan ted  a r e a s ,  an average of 53 
percen t  of t h e  t r e e s  a r e  i n  t h e  dominant and codom- 
i n a n t  c l a s s e s ,  b u t  only 43 percen t  of t h e  
d i rec t - seeded  t r e e s  a r e  i n  t h e  dominant s t a n d  
(taF!e 1).  

Table 2,--Diameter d i s t r i b u t i o n s  f o r  d i r e c t  seed- 
ed and p lan ted  t r e a t m e n t s  on f o u r  annual  c l e a r -  
c u t  a r e a s  

Diameter c l a s s  ( i n c h e s )  
Area and 

t rea tment  <5 5-8 9 10 11 12 16 
- --- Number of t r e e s  ~ e r  acre---- 

1 Seeded 
P l a n t e d  

2 Seeded 
P lan ted  

3 Seeded 
P lan ted  

4 Seeded 
P l a n t e d  

There was l i t t l e  d i f f e r e n c e  between p l a n t e d  
and d i rec t - seeded  t rea tments  i n  t h e  inc idence  of 
s e v e r e  r u s t  ( t a b l e  1). Rust was recorded o n l y  f o r  
t r e e s  wi th  a stem canker  i n  t h e  lower 17 f e e t  of 
t h e  s tem, o r  a canker i n  t h e  crown i f  i t  t h r e a t e n e d  
t o  cause  more than h a l f  of t h e  crown t o  break o u t  
b e f o r e  m a t u r i t y ,  

T o t a l  cub ic  volume product ion on t h e  
d i rec t - seeded  a r e a s  was not c o n s i s t e n t l y  i n  f a v o r  
of e i t h e r  t rea tment  ( t a b l e  1) .  Two of t h e  
d i rec t - seeded  s tands  had more t o t a l  volume than  t h e  
p lan ted  s t a n d  on t h e  same c l e a r c u t  a rea .  Average 
merchantable  volume has averaged s l i g h t l y  b e t t e r  on 
t h e  p lan ted  a r e a ,  bu t  t h e  d i f f e r e n c e  i s  on ly  about  
57 cubic  f e e t  per  a c r e ,  o r  about  0.6 cord. 

There were very few t r e e s  i n  t h e  sawtimber 
c l a s s  a t  t h e s e  ages ( t a b l e  1 ) .  Sawtimber poten- 
t i a l ,  however, was es t imated  on t h e  merchantable  
s i z e  t r e e s  i n  t h e  dominant and codominant c l a s s e s  
t h a t  were f r e e  of r u s t ,  a s  def ined  above. The 
d i rec t - seeded  a r e a s  compared c l o s e l y  wi th  t h e  
p lan ted  s t a n d s ,  averaging 130 t r e e s  and 617 c u b i c  
f e e t  p e r  a c r e  sawtimber p o t e n t i a l  compared wi th  157 
t r e e s  and 650 cubic  f e e t  per  a c r e  on the  p l a n t e d  
s t a n d s  . 

A simple a n a l y s i s  of c o s t  and r e t u r n s  shows 
t h a t  d i r e c t  seed ing  b e f o r e  c l e a r c u t t i n g  had a 
f i n a n c i a l  advantage a s  of t h e  1984 measurements 
( t a b l e  3 ) .  Accurate  c o s t  r e c o r d s  were no t  k e p t  f o r  
t h e  work, so c o s t  va lues  f o r  t h e  mid-1960's were 
es t imated .  These va lues  were a d j u s t e d  t o  be gen- 
e r o u s  f o r  d i r e c t  seeding and on t h e  low s i d e  f o r  
s i t e  p r e p a r a t i o n  and p l a n t i n g .  Mann and Derr  
(1964) e s t i m a t e  $4.30 per  a c r e  f o r  t h e  c o s t  of 
burn ing ,  seed ,  and furrow-seeding open a r e a s ,  I 
r a i s e d  t h i s  t o  $8 t o  a l low f o r  t h e  a d d i t i o n a l  t ime 
needed t o  o p e r a t e  among s t a n d i n g  t r e e s .  Consensus 
among p r a c t i t i o n e r s  of t h e  t ime sugges t s  t h a t  $40 
p e r  a c r e  was a conserva t ive  t o t a l  charge f o r  burn- 
i n g ,  chopping, bedding, s e e d l i n g s ,  and p l a n t i n g  on 
cu tover  s i t e s  i n  t h e  mid-1960's. 

Cos t s  were compounded a t  7 percent  from t h e  
d a t e  of d i r e c t  seeding o r  p lan t ing .  A pulpwood 

Table 3.--Net r e t u r n s  i n  1984 f o r  d i r e c t  seed ing  
b e i o r e  c l e a r c u t t i n g  v e r s u s  s i t e  p r e p a r a t i o n  and 
p l a n t i n g  on f o u r  c l e a r c u t  a r e a s ,  with 1965 
e s t i m a t e d  c o s t s  per  a c r e  of $8 f o r  t h e  seed ing  
t rea tment  and $40 f o r  t h e  p l a n t i n g  t r e a t m e n t ,  
bo th  compounded a t  7 percen t  annua l ly ;  and 1984 
stumpage r a t e  of $25 per  cord 

D i r e c t  seeded P lan ted  

1984 1984 
Area cos t1  va lue  Net Cost1 va lue  Net ----------------- Dollars----------------- 

'Compounded f o r  r e s p e c t i v e  p e r i o d s  under "Age" i n  
Table 1.  



s t u m p a g e  v a l u e  of $25 p e r  c o r d  i s  $1 below t h e  low 
s i d e  of t h e  range r e p o r t e d  f o r  stumpage i n  s o u t h  
G e o r g i a  i n  September 1984 (Timber Mart Sou th ,  I n c .  
1984).  Annual c h a r g e s  f o r  management and t a x e s  
were  o m i t t e d  a s  be ing  t h e  same f o r  b o t h  t r e a t m e n t s .  

D s i f f e r e n c e s  i n  n e t  r e t u r n  f o r  t h e  two t r e a t -  
ments  r a n g e  from $17 t o  $92 i n  f a v o r  of t h e  d i r e c t  
s e e d i n g  t r e a t m e n t ,  n o t  i n c l u d i n g  Area 4  which,  a t  
a g e  1 5 ,  i s  j u s t  on t h e  t h r e s h o l d  of m e r c h a n t a b i l i t y  
and d o e s  no t  y e t  show a p r o f i t  f o r  t h e  p l a n t e d  

t r e a t m e n t .  Of c o u r s e ,  t h i s  r e f l e c t s  t h e  heavy 
impact  of t h e  e i g h t f o l d  g r e a t e r  e s t a b l i s h m e n t  c o s t  
f o r  s i t e  p r e p a r a t i o n  and p l a n t i n g .  

A b a s i c  c o n s i d e r a t i o n  i n  t h i s  i d e a  of d i r e c t  
s e e d i n g  b e f o r e  c l e a r c u t t i n g  i s  t h a t  i f  l o g g i n g  i s  
c o m p l e t e d  b e f o r e  seed  g e r m i n a t e ,  t h e y  may s t i l l  
g e r m i n a t e  a f t e r  hav ing  been  logged o v e r ,  a l t h o u g h  
t h e y  m a y  be r e l o c a t e d  somewhat i n  t h e  p rocess .  A 
g e r m i n a t e d  s e e d ,  w i t h  r a d i c a l  and s p r o u t  extended 
o u t  of t h e  p r o t e c t i v e  s e e d  c o a t ,  would n o t  f a i r  a s  
w e l l ,  n o r  would a  s e e d l i n g .  

I n  t h e s e  t r i a l s ,  t h e  t r e e s  were topped and 
l i m b e d  a t  t h e  stump, and t h e  t r e e - l e n g t h  l o g s  were 
b u n c h e d  and sk idded  a c r o s s  t h e  beds. Sk idd ing  
b u n c h e s  of 6 t o  10 whole t r e e s ,  w i t h  t o p s ,  would 
sweep a wider  swa th ,  b u t  t h e  f a c t  t h a t  t h e  t r e e s  
a r e  moved i n  t h e  v e r t i c a l  p o s i t i o n  t o  t h e  bunching 
p o i n t  may c a u s e  l e s s  damage t o  t h e  beds. T h i s  
migh t  b e  and i n t e r e s t i n g  p o i n t  f o r  f u r t h e r  i n v e s t i -  
g a t i o n .  

CONCLUSIONS 

S t a t i s t i c a l l y  sound c o n c l u s i o n s  cannot  be 
drawn from t h i s  e m p i r i c a l  s t u d y  of d i r e c t  s e e d i n g  
b e f o r e  c l e a r c u t t i n g .  However, t h e s e  f i n a l  p o i n t s  
c a n  b e  s t a t e d :  

1. For  some s m a l l  s l a s h  p i n e  t r a c t s ,  d i r e c t  
s e e d i n g  i n  rows b e f o r e  c l e a r c u t t i n g  may be a  prac-  
t i c a l  and i n e x p e n s i v e  way t o  r e g e n e r a t e .  

2 .  C l e a r c u t t i n g  must be t imed t o  c o i n c i d e  
w i t h  t h e  p r o p e r  s e a s o n  f o r  d i r e c t  s e e d i n g ,  p r e f e r -  
a b l y  t h e  w i n t e r  and e a r l y  s p r i n g  season .  

3 .  P r o p e r  t i m i n g  between d i r e c t  s e e d i n g  and 
l o g g i n g  is e s s e n t i a l  s o  l o g g i n g  w i l l  be  completed 
b e f o r e  s i g n i f i c a n t  g e r m i n a t i o n  s t a r t s .  

4 .  D i r e c t  s e e d i n g  b e f o r e  c l e a r c u t t i n g  shou ld  
n o t  b e  used where. i n t e n s i v e  hardwood c o n t r o l  meas- 
u r k s  a r e  needed. 

5. Open u n d e r s t o r y  c o n d i t i o n s  a r e  more s u i t -  
a b l e  f o r  d i r e c t  s e e d i n g  b e f o r e  c l e a r c u t t i n g ,  and 
t h i s  c o n d i t i o n  can  be m a i n t a i n e d  by r e g u l a r  pre- 
s c r i b e d  burn ing  b e f o r e  t h e  t ime  f o r  h a r v e s t .  
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Abstract.--A method based on t h e  nega t ive  binomial  (NB) 
d i s t r i b u t i o n  and a r e a  p o t e n t i a l l y  a v a i l a b l e  (APA) concept  i s  
descr ibed  f o r  o b j e c t i v e l y  e v a l u a t i n g  t h e  need - t o  r e p l a n t .  
The i?W parameter P ,  p l a n t i n g  spac ing ,  and numbers of l i v i n g  
t r e e s  a r e  es t imated  f r m  sample d a t a .  Using t h e s e  e s t i m a t e s  
a  d i s t r i b u t i o n  of APA's i s  s imulated and e s s e n t i a l l y  open 
grown t r e e s  a r e  excluded from t h e  s tand .  The r e s i d u a l  s t a n d  
is  then  p r o j e c t e d ,  and a n  economic a n a l y s i s  performed t o  
a s s e s s  t h e  b e n e f i t s  of r e p l a n t i n g  . 

I mODZICT I O N  FIELD PROCEDURE 

F o r e s t  managers a r e  c o n s t a n t l y  plagued with 
t h e  problem of a s s e s s i n g  t h e  adequacy of f i r s t  
year  s u r v i v a l  i n  p l a n t a t i o n s  t o  m e e t  m a g e m e n t  
o b j e c t i v e s .  Surviving s e e d l i n g  counts  on p l o t s  
randomly o r  s y s  temat i c a l l y  d i s t r i b u t e d  i n  a  
p l a n t a t i o n  provide a  good e s t i m a t e  of t h e  
numbers of s u r v i v o r s  per  u n i t  a r e a ,  bu t  no 
in format ion  i s  gained on t h e  s p a t i a l  
d i s t r i b u t i o n  of s u r v i v o r s  o r  t h e  p ropor t ion  of 
trees surv iv ing .  It i s  d i s t i n c t l y  p o s s i b l e  t h a t  
u n l e s s  a  p l a n t a t i o n  i s  c a r e f u l l y  s t r a t i f i e d  i n t o  
s u r v i v a l  c l a s s e s ,  poor  s u r v i v a l  and good 
s u r v i v a l  i n  d i f f e r i n g  a r e a s  i n  t h e  p l a n t a t i o n  
may average out  t o  an  accep tab le  number of 
s u r v i v o r s  per  u n i t  a r e a .  I n  t h i s  paper we 
d i s c u s s  and i l l u s t r a t e  a method based on t h e  
nega t ive  binomial  p r o b a b i l i t y  d i s t r i b u t i o n  t h a t  
p rov ides  t h e  manager w i t h  in£  ormation on numbers 
of s u r v i v o r s  and t h e i r  d i s t r i b u t i o n .  W e  a l s o  
demonstrate  a n  o b j e c t i v e  d e c i s i o n  c r i t e r i o n  f o r  
answering t h e  ques t ion  "Should I r e p l a n t  o r  
no t?"  

The f i e l d  procedure of t h e  sampling 
technique,  c a l l e d  t h e  runcount  method, is  f i r s t  
descr ibed  a s  a s t a r t i n g  p o i n t  f o r  d i s c u s s i o n .  
Then t h e  t h e o r y  on which t h e  technique i s  based, 
and t h e  p o s s i b l e  use  of t h e  a r e a  p o t e n t i a l l y  
a v a i l a b l e  (APA) concept  (Brown, 1965) t o  d e r i v e  
expected y i e l d s  f o r  t h e  sampled p l a n t a t i o n  a r e  
descr ibed .  

Following s t r a t i f i c a t i o n  of t h e  p l a n t a t i o n  
i n t o  (1)  p o t e n t i a l l y  s i m i l a r  s u r v i v a l  s t r a t a  and 
(2) t h e  s e l e c t i o n  of r a n d m  p o i n t s ,  i n  each  
s t r a t a  ( s e e  f i g u r e  1): 

+ *q+ * * * * + * + + + q +  
f  1 
TI 1 
TI ? 
TI< Run length.-? 1 
P 1 

f TI Random p o i n t  
Qd'- 

TI 
1 

* f *  + + * * * + + * *1+ 

L F i f t h  l i v i n g  t r e J f  
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F i g u r e  1 . - - I l l u s t r a t i o n  of t h e  r u n  count method 
using a  run  l e n g t h  of f i v e  l i v i n g  t r e e s .  A 
p l u s  (+) r e p r e s e n t s  a  l i v i n g  tree and a n  
a s t r i c k  (*) r e p r e s e n t s  a  p lan t ing  p o s i t  i o n  
without  a  l i v i n g  tree. WS and FIE a r e  t h e  
d i s t a n c e  between t h e  midpoints  of a d j a c e n t  
rows and L i s  t h e  l e n g t h  of t h e  run. 



1.. L o c a t e  t h e  row c l o s e s t  t o  t h e  po in t .  I f  
c h e  po in t  is e q u i d i s t a n t  between two rows, 
s e l e c t  one of t h e  rows w i t h  50 percen t  
p r o b a b i l i t y  by t o s s i n g  a  c o i n .  

2. Icn t h e  row, s e l e c t  t h e  p l a n t i n g  p o s i t i o n  
c l o s e s t  t o  t h e  p o i n t  l o c a t e d  on t h e  ground 
a n d  record whether a  l i v i n g  t r e e  is p r e s e n t  
ic.n t h e  p l a n t i n g  p o s i t i o n  o r  n o t .  

3 .  S e l e c t  a  d i r e c t i o n  t o  t r a v e l  i n  t h e  row a t  
r andorn by t o s s i n g  a c o i n .  

4.  L o c a t e  a  po in t  halfway between t h e  
p r e v i o u s l y  i d e n t i f i e d  p l a n t i n g  p o s i t i o n  and 
t f i e  f i r s t  p l a n t i n g  p o s i t i o n  i n  t h e  
d i r e c t i o n  of t r a v e l .  

5. A t  t h e  halfway po in t  between p l a n t i n g  
p o s i t i o n s ,  measure t h e  d i s t a n c e  between t h e  
mlidpoints  of t h e  a d j a c e n t  rows. The 
measurement l i n e s  should be perpendicu la r  
to t h e  measurement row. 

6. Paoceed down t h e  row counting t h e  number of 
p l a n t i n g  p o s i t i o n s  u n t i l  n  l i v i n g  t r e e s  a r e  
c o u n t e d .  The n  s e l e c t e d  w i l l  depend on t h e  
s p a c i n g  and s u r v i v a l  percen tage ,  and should 
b e  chosen so t h a t  t h e  l e n g t h  of  t h e  run  i s  
n o t  much g r e a t e r  than  150 f e e t .  The 
q u a n t i t y  n  w i l l  be r e f e r r e d  t o  a s  t h e  
1 3.v i n g  c ount . 

7. A t  t h e  n t h  l i v i n g  t r e e  along t h e  l e n g t h ,  
l o c a t e  t h e  halfway p o i n t  between t h e  n t h  
t r e e  l i v i n g  and t h e  nex t  p l a n t i n g  p o s i t i o n ;  
a n d  measure t h e  d i s t a n c e  between t h e  
m i d p o i n t  of t h e  two a d j a c e n t  rows. 

8. F i n a l l y ,  measure t h e  l e n g t h  of  t r a v e l  along 
t he  row t r a v e r s e d  by measuring t h e  d i s t a n c e  
between t h e  p o i n t s  e s t a b l i s h e d  i n  s t e p s  5  
a n d  7 .  

THEORY 

A t  b e s t  i n  a  p l a n t a t i o n  we may expect  t h a t  
t h e  p r o b a b i l i t y  (P) of a  p lan t ing  p o s i t i o n  
having a  l i v i n g  t r e e  p resen t  is  c o n s t a n t  
th roughout  t h e  p l a n t a t i o n .  I n  g e n e r a l ,  however, 
t h e  p r o b a b i l i t y  P  w i l l  va ry  from l o c a t i o n  t o  
l o c a t i o n  i n  a  p l a n t a t i o n  producing clumps of 
b e t t e r  t h a n  average s u r v i v a l  and clumps of worse 
t h a n  a v e r a g e  s u r v i v a l .  Another p o s s i b i l i t y ,  and 
one t h a t  is  h i g h l y  u n l i k e l y ,  i s  t h a t  s u r v i v a l  i s  
more r e g u l a r  t h a n  expected.  

When P is  c o n s t a n t ,  t h e  run  counts  a r e  
d i s t r i b u t e d  a s  t h e  nega tive-binomial 
d i s t r i b u t i o n .  

f (x) = 

where: f ( x )  = t h e  p r o b a b i l i t y  of a run-count 
being x p l a n t i n g  p o s i t i o n s  i n  
l e n g t h ,  

x = a  random v a r i a b l e  r e p r e s e n t i n g  
run-count l e n g t h ,  

P = c o n s t a n t  p r o b a b i l i t y  of a  plan- 
t i n g  p o s i t i o n  having a l i v i n g  
t r e e  p resen t ,  and 

n  = f i x e d  number o f  l i v i n g  t r e e s  i n  
each r u n  count. 

Given P,  t h e  expected average l e n g t h  X)  o f  1 run-count and t h e  expected v a r i a n c e  (S ) of 
run-count l e n g t h s  a r e ,  r e s p e c t i v e l y ,  

n  - - 
X - 

P 
, and ( 2 )  

Sample e s t i m a t e s  from t h e  f i e l d  d a t a  
c o l l e c t e d  f o r  each s t r a t u m  are, 

N N 
s2 = [ e R: - ( Z R ~ ) ' / N ] / ( N  - I ) ,  and (5)  

i=l ill 

COUNT p = -  
N ' (6 ) 

where: R i = v a l u e  of t h e  i t h  sample run- 
count ,  

N = number of sample run-counts, and  

COUNT = t h e  number of l i v i n g  trees pre- 
s e n t  a t  each of t h e  p l a n t i n g  
p o s i t i o n s  c l o s e s t  t o  each ran- 
domly l o c a t e d  p o i n t  . 

Because of t h e  way COUNT is  obta ined ,  and 
because t h e  t o t a l  number of p l a n t i n g  p o s i t i o n s  
is v e r y  l a r g e ,  t h e  d i s t r i b u t i o n  of COUNT is  
approximately binomial  w i t h  parameters  N and P. 

COUNT = 0 ,  1, 2, ... N (7 1 
= 0 , elsewhere. (1 



The expected v a l u e  of p  i s  thus  P and t h e  
v a r i a n c e  o f  P i s  

On t a k i n g  t h e  s q u a r e  r o o t  of t h e  r a t i o  of 
t h e  approximation t o  t h e  t h e o r e t i c a l  r u n  count  
v a r i a n c e  obtained from equa t ion  3 by 
s u b s t i t u t i o n  of p  from e q u a t i o n  (6 ) ,  and t h e  
sample e s t i m a t e  of t h e  runcount v a r i a n c e  from 
e q u a t i o n  5 ,  a n  index ( I )  o r  measure of t h e  
degree  t h e  sample p l a n t a t i o n  d e p a r t s  from having 
a c o n s t a n t  P is  formed: 

where 

I f  t h e  index I i s  g r e a t e r  than  one, P v a r i e s  
from l o c a t i o n  t o  l o c a t i o n  i n  t h e  p l a n t a t i o n .  I f  
I is less than  one, P is less v a r i a b l e  than  
would be expected when s u r v i v i n g  t r e e s  a r e  
randomly d i s t r i b u t e d  t o  p l a n t i n g  p o s i t i o n s .  
When I i s  e x a c t l y  equa l  t o  one, then  we may 
accep t  t h e  hypo t h e s i s  t h a t  surv iv ing  t r e e s  a r e  
randomly d i s t r i b u t e d .  The index i s  s i m i l a r  t o  a  
measure of aggrega t ion  based on t h e  poss ion  
d i s t r i b u t i o n  discussed by  P i e l o u  (1977). 

The index I provides a  measure of t h e  
degree  t o  which a  p l a n t a t i o n ' s  s u r v i v a l  p a t t e r n  
d e p a r t s  from t h e  b e s t  expected,  but  i n  i t s e l f  
t h e  index I cannot  be used t o  dec ide  whether t o  
r e p l a n t  o r  no t .  One p o s s i b l e  approach t o  making 
use  of t h e  index I f o r  dec id ing  whether t o  
r e p l a n t  o r  n o t  is t o  g e n e r a t e  t h e  d i s t r i b u t i o n  
of a r e a  p o t e n t i a l l y  a v a i l a b l e  (APA), f o r  a  g iven  
p l a n t i n g  spac ing ,  and e s t i m a t e s  of P and I. The 
APA of t r e e s  considered t o o  l a r g e  t o  meet 
management o b j e c t i v e s  can be used t o  reduce t h e  
amount of land s tocked.  The growth of t h e  
remaining s tocked a r e a  per  a c r e  can then  be 
s imulated ( o r  f o r e c a s t )  w i t h  a  y i e l d  model, and 
an  economic a n a l y s i s  a p p l i e d  t o  t h e  r e s u l t  t o  
de te rmine  i f  r e p l a n t i n g  is  j u s  t i £  i ed .  

To i n v e s t i g a t e  t h i s  method, a  s i m u l a t o r  was 
w r i t t e n  i n  FORTRAN 77 t o  e s t i m a t e  t h e  
d i s t r i b u t i o n s  of APA given P, I, and p l a n t i n g  
spacing.  The program l o c a t e s  sample p o i n t s  i n  
t h e  p l a n t a t i o n .  At each  sample p o i n t  a  v a l u e  of 
P i s  s e l e c t e d  from a normal d i s t r i b u t i o n  w i t h  
mean P and a  v a r i a n c e  s2,  and t h e  run-count and 
APA i s  obtained f o r  t h e  po in t .  When s u f f i c i e n t  
p o i n t s  have been sampled, I i s  c a l c u l a t e d  and 
compared w i t h  t h e  d e s i r e d  I. I f  t h e  s imula ted  I 
and d e s i r e d  f a r e  t h e  same, t h e  d i s t r i b u t i o n  of  
APA i s  p r i n t e d .  I f  t h e  two 1's do n o t  match, 
t h e  v a r i a n c e  of t h e  normal d i s t r i b u t i o n  i s  
a d j u s t e d  and a n o t h e r  r u n  i s  performed w i t h  t h e  
process  being i t e r a t e d  u n t i l  t h e  I t s  match. 

As a n  i f  l u s  t r a t i o n  of t h i s  approach, 
suppose a l o b l o l l y  p l a n t a t i o n  of si te index 60 
on  s i te  prepared land  i s  sampled a t  age  3 ,  and 

f r m  t h e  d a t a  we f i n d  t h e  average spacing of t h e  
p l a n t a t i o n  i s  7 '  x 8 ' ,  t h e  number of trees p e r  
a c r e  s u r v i v i n g  i s  300, t h e  p r o p o r t i o n  of 
p l a n t i n g  p o s i t i o n s  wi th  l i v i n g  t r e e s  is .3875, 
and t h e  index I i s  6.5. The d i s t r i b u t i o n  of APA 
c a l c u l a t e d  by t h e  F O R T W  program f o r  t h e  
c o n d i t i o n s  i s  i n  Table 1. 

Assuming t h a t  any t r e e  t h a t  w i l l  n o t  
e x h i b i t  crown c l o s u r e  before  reaching a DBW of 
6.5 inches  w i l l  be low v a l u e  m a t e r i a l  u n s u i t a b l e  
f o r  our  management o b j e c t i v e s ,  we can t r e a t  t h e  
a r e a s  of t r e e s  having A$? g r e a t e r  than 150 
square  f e e t  a s  unstocked.- That is, we w i l l  
have from Table  1 approximately on t h e  average :  

= 12,500 s q u a r e  f e e t  

of unstocked a r e a  per  a c r e ,  and 

- .8 - .8 = 237 t r e e s  

growing on a  s tocked  a r e a  per  a c r e  of 

43,560 - 12,500 = 31,060 s q u a r e  f e e t .  

The growth of t h i s  s t a n d  can be f o r e c a s t  a s  t h a t  
of a  s t a n d  w i t h  

43,560 3 3  * 237 = 322 t r e e s  p e r  a c r e ,  

and pred ic ted  y i e l d  can then  be reduced by 

t o  approximate t h e  expected y i e l d s  of t h e  s t a n d  
p e r  a c r e .  The assumption h e r e  is t h a t  we can  
ignore  t h e  y i e l d  of t h e  t r e e s  having l a r g e  
APA' S. 

Performing t h i s  y i e l d  e s t i m a t i o n  o p e r a t i o n  
using a  l o b l o l l y  pine s imula tor  developed by 
Matney and S u l l i v a n  (1982), and modified t o  
p r e d i c t  t h e  y i e l d s  of l o b l o l l y  p ine  on c u t o v e r  
s i t e s ,  t h e  expected y i e l d  wi th  th inn ing  a t  age  
20 is i n  Table 2 and Table 3. 

With a  s i t e  p r e p a r a t i o n  and p l a n t i n g  c o s t  
of $120 per  a c r e ,  a  c o s t  of $60 per  a c r e  a t  age  
7 f o r  b rush  c o n t r o l  ,1, a n  i n t e r e s t  r a t e  of 13% and 
stumpage p r i c e s  o f  $17 per  c u n i t ,  and $170 per  
MBF doyle ,  t h e  n e t  p resen t  v a l u e  (NPV) of t h e  
s tand  harves ted  a t  age 35 i s  -$98.81. At t h i s  
i n t e r e s t  r a t e  we can c e r t a i n l y  n o t  a f f o r d  t o  
grow trees, but  w i l l  r e p l a n t i n g  improve t h i n g s ?  

?/The open grown crown a r e a  of t h e  6.5" t r e e  was 
approximated using t h e  pred ic ted  crown r a d i u s  
from t h e  equa t ion  i n  S t rub  1975. 



Table 1 .--Distribution of APA f o r  a l o b l o l l y  
pine p lanta t ion  with poor surv iva l .  

A P A C X a s s ( f t 2 )  Proport ion NumberPerAcre 

To answer  t h e  ques t ion  w must look a t  t h e  n e t  
p r e s e n t  value of a  successfu l  r e p l a n t ,  
recogniz ing  t h a t  i f  t h e  second p lant ing  f a i l s  we 
a r e  in trouble .  

S o ,  rerunning the  y i e ld s  and n e t  present  
va lue  for  t h e  stand assuming 80% surviva l  and a 
r e p l a n t  a t  age 3 ,  t he  n e t  present  value i s  
-$171,58. This assumes a replant ing  c o s t  of 
only $100 and one add i t i ona l  thinning.  

The  conclusion fo r  our case ,  s i nce  t h e  NPV 
of t h e  replanted s tand i s  l e s s  than the  NPV of 
t he  o r i g i n a l  s tand ,  is  t h a t  we should not  
r e p l a n t .  Indeed with these  NPV's we would not  
have planted t r e e s .  We did  not ,  however, 
i n c l u d e  taxes,  and o t h e r  f ac to r s  t h a t  may have 
cons ide rab le  inf luence  on f o r e s t  management 
d e c i s f o n s  . 

A p ~ o x i m a t i o n s  of t h e  numbers of t r e e s p e r  
a c r e  (TPA) , average spacing between rows (RS) , 
ave rage  spacing be tween p lant ing  pos i t i o n s  
w i t h i n  rows ( E p )  and t h e  a v e r a g e  spacing 
between l i v i n g  t r e e s  w i th in  rows (CSL); and 
t h e i r  var iance  [Var(.)j a r e  r e a d i l y  est imated 
from the  data.  These es t imators  a r e  l i s t e d  
below : 

- N 
TPA = ( C TPAi) /N 

i-1 

I n  these  equations,  

TPAi = (2) (43560) (n) / [  (WSi + WEi)Li], 

WSi = d i s t ance  ( f e e t )  between midpoints t o  
ad jacent  rows a t  the  i t h  sample 
point  and a t  t he  s t a r t  of t h e  run ,  

WEi = same a s  WSI except t he  measurement 
is  taken a t  t h e  end, of t h e  run,  and 

Li = l eng th  of run  i n  f ee t .  

FIELD TEST 

F ie ld  t e s t i n g  of t h e  method was conducted 
t o  primari ly determine i f  t he  technique would 
give a good es t imate  of numbers of surv iv ing  
t r e e s  per a c r e  and t o  evaluate t h e  amount of 
f i e l d  time required t o  sample a p l an t a t i on .  
Four hand planted l o b l o l l y  pine p l an t a t i ons  were 
se lec ted  f o r  sampling, ranging from 1 t o  4 years  
old. In  each p l an t a t i on  50 run count p l o t s  and 
50 one-hundredth a c r e  count p l o t s  were 
es tabl i shed  randomly. The run count l eng th  (n) 
used f o r  each p l an t a t i on  was 10. 

Comparison of t h e  number of t r e e s  es t imated  
by t h e  two methods using a two sample t test 
r e su l t ed  i n  no s i g n i f i c a n t  d i f f e r ences  even a t  
t h e  .30 l eve l .  Examination of t he  d i f f e r e n c e s  
between es t imates  a l s o  showed no c o n s i s t e n t  
under- o r  over-estimation by t h e  method. 



Table 2.--Adjusted y i e l d s  f o r  a l o b l o l f y  pine p l an t a t i on  w i t h  poor su rv iva l .  

S t  anding Volumes Af t e r  Th inning Volume Removed i n  Thinning 
Pu pwood 5 Chip 6 Saw Veneer Pulpwood Chip 6 Saw Veneer 

Age f t  ( ib)  Doyle bd. f t .  Doyle bd, f t .  f t 3  ( i b )  Doyle bd. E t .  Doyle bd, f t ,  

Table 3 .--Yields f o r  a l o b l o l l y  p ine  p l an t a t i on  wi th  b e t t e r  than average surv iva l .  

Standing Volumes Af t e r  Thinning Volume Removed i n  Thinning 
Pu pwood 3 Chip & Saw Veneer Pu pwood Chip & Saw Veneer 3 Age f t  ( ib)  Doyle bd. f t .  Doyle bd. f t .  f t  ( ib)  Doyle bd. f t .  Doyle bd. f t .  

The time required f o r  t h e  run count method 
was g r e a t e r  than f o r  t h e  p lo t  count method, by 
about 10%. This  could have been reversed 
however i f  we had used a s h o r t e r  run count 
length.  

Example Computations 

The run count d a t a  f o r  a hand planted 
t h r  ee-year-old lob lo1  l y  p ine  p lant  a t  i on  shown i n  
Table 4 w i l l  be used t o  demonstrate t he  
computations involved wi th  t h e  run  count 
met hod. 

An es t imate  of t he  negative binomial. 
parameter P is  ca lcula ted  from the  s t a t u s  column 
of Table 4. 

Count of Living Trees Present  - 31 
P = N 40 = .775 

This es t imate  of P has  an  est imated variance and 
a l a rge  sample 95 percent  confidence i n t e r v a l ,  
r e spec t ive ly  of : 

and 

CI95 : p t (t)dVAR(p) = ,775 t (2.020) (. 1049) 

where t i s  t h e  va lue  f r m  Students-t t a b l e  f o r  a 
two-tailed t e s t  a t  t h e  .05 l eve l  with N - 1 = 39 
degrees of freedom. 

Under t h e  hypothesis  t h a t  l i v ing  t r e e s  a r e  
randomly d i s t r i b u t e d  i n  p lant ing  pos i t ions ,  t h e  
variance of t he  run count would be equal  t o  

s2 = n ( l  - P) 
2 

P 

which i s  approximately equal t o  



Table 4.--Run count d a t a  f o r  a  t h r e e  year o ld  l o b l o l l y  pine p l an t a t i on  on a  cutover prepared s i t e .  The 
l i v ing  t r e e s  i n  each run count was f ixed  a t  10. 

Distances Between 
F i r s t  Tree 

1  / 
Run Length Run Count Hidpoints t o  Adjacent Rows 

Point  (i) Sta tus  (Si)- I n  f e e t  (Li) In  Number (Ri) A t  Beginnng (WSi) A t  End (WEi) 

l i s t a t u s  of p lant ing  pos i t i on  c l o s e s t  t o  random poin t .  I f  Si = P a l i v i n g  t r e e  is present  and i f  Si = M 
t h e  p o s i t i o n  a  dead t r e e  is  present  o r  no t r e e  is present .  



on s u b s t i t u t i o n  of p f o r  P i n  equation 3. 

On t h e  o the r  hand t h e  e s t d t e  of 5' from 
ac tua l  runcounts taken i n  t h e  f i e l d  i s  obtained 
from the  runcount column i n  Table 4 and equation 
4 * 

Taking t h e  square roo t  of t h e  r a t i o  of S: t o  s 2 

forms the  index I, which measures t h e  degree t o  
which the  ac tua l  plant  a t  ionv s surviving t r e e s  
depart  from a random a l loca t ion  t o  p lant ing  
pos i t ion .  

The required es t imate  of t he  number of 
t r e e s  per  a c r e  and i t s  var iance  a r e  given by: 

TPA = [457,2 + 411.6 + .. . + 375.01140 

= 355  t r e e s  per  a c r e ,  and 

+ 3 7 5 . 0 ) ~ / 4 0 ]  / (40) (39) = 123.21 

[ t r e e s  per ac re ]  2 

where 

TPAl = 457.2 = (2 )  (43560) ( lO) / [ (9 .1  + 9.4)103] 
t r e e s  per ac re ,  

TPA2 = 411.6 = (2 )  (43560) ( l o ) / [  (9.4 + 9.5)112] 
t r e e s  per ac re ,  

TPA40 = 375.0 = (2) (43560) (10) / [ (7 .4  + 10.2) 
(132) 1 t r e e s  per ac re .  

A 95 percent  confidence i n t e r v a l  on the  
number of surviving t r e e s  per a c r e  can thus be 
expr e s  sed . 

= 355 + 39.4 t r e e s  per  
a c r e  

I n  a s i m i l a r  manner t h e  average, variance 
of  t h e  average, and 95 percent-conf idence 
i n t e r v a l s  f o r  spacing between ROWS (RS), spacing 
be tween p lant ing  pos i t ions  wi th in  ROWS (CSp) , 

and spacing k t w e e n  l i v i n g  t r e e s  within rows 
( C S ~ )  can be ca lcula ted  a s  follows: 

+ (7.4 + 10.5)1/40 = 9.6 ft. 

= 9.6 + 1.4 f e e t  
- 
C s ~  

-. csp = (103114 + 112115 + . . . + 40121) 140 

= 7.99 f t .  

57.93 5 .54 f t .  

- 
CsL = - to (103 + 112 + ... + 132)/40 = 15.1 f t .  

- 15 .1  + 2.18 f t .  

DISCUSSION 

The authors '  f e e l  t he  run-count method f o r  
sampling su rv iva l  adequacy of young p l an t a t i ons  
presented i n  t he  paper, has g rea t  po t en t i a l  a s  a  
technique f o r  making the  dec is ion  between t h e  
two a l t e r n a t i v e s  of r ep l an t  o r  don't r ep l an t .  
Refinanents and add i t i ona l  f i e l d  t e s t i n g  of t h e  
procedure a r e  necessary by users  of t h i s  method 
t o  t a i l o r  i t  t o  t h e i r  own mnagement ob jec t ives  
and economic s i t u a t i o n .  



The advantages of t h e  method a r e  t h a t  i t  i s  
easy  t@ implement i n  t h e  f i e l d ,  i t  i s  r e a d i l y  
progr-mble f o r  smal l  computers, and i t  i s  
amenabf e t o  e s t a b l i s h i n g  o b j e c t i v e  d e c i s i o n  
e r i t e r l a  t o  answer t h e  h p o r t a n t  ques t ions  of 
w h e t h e r  a  p l a n t a t i o n  should be rep lan ted .  

T h e  n a i n  disadvantage of t h e  method is t h a t  
i t  c a n  only be a p p l i e d  i n  p l a n t a t i o n s  wi th  
r e a s o n a b l e  row i n t e g r i t y .  A method based on 
c o m p o s l t e  binomial  d i s t r i b u t i o n s  t h a t  overcomes 
t h e  rrjeed f o r  row i n t e g r i t y  i s  now being 
i n v e s t  rigated by t h e  a u t h o r s .  
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Abs t rac t .  A method f o r  s e l e c t i v e l y  app ly ing  h e r b i c i d e s  
t o  t h e  stump of u n d e s i r a b l e  hardwoods f o r  s p r o u t  c o n t r o l  com- 
bined wi th  t h e  o p e r a t i o n  of a  fe l l e r -buncher  i s  presen ted .  
P o t e n t i a l  advantages of t h e  proposed system r e s u l t  from t h e  
h e r b i c i d e  be ing  a p p l i e d  on ly  t o  t h e  stump s u r f a c e  and a t  t h e  
t i m e  per iod  when a n  a p p l i c a t i o n  is most e f f e c t i v e .  The 
amount of h e r b i c i d e  r e q u i r e d  f o r  s p r o u t  c o n t r o l  i s  thus  
minimized, t h e  need f o r  subsequent  a e r i a l  s p r a y  a p p l i c a t i o n s  
t o  suppress  hardwood growth may be  e l imina ted ,  and the  in-  
t e n s i t y  o f  mechanical s i t e  p r e p a r a t i o n  f o r  r e f o r e s  t a t i o n  may 
be  reduced. R e s u l t s  from s h o r t  term o b s e r v a t i o n  of a  f e l l e r -  
buncher equipped wi th  a  s p r a y  system i n d i c a t e  a d d i t i o n a l  time 
requirement  f o r  s p r a y i n g  of about  5 seconds p e r  s t e m .  

INTRODUCTION 

S i t e  p r e p a r a t i o n  f o r  r e f o r e s t a t i o n  i s  a 
major expense i n  t h e  f o r e s t  management p r a c t i c e  
Mechanical s i t e  p r e p a r a t i o n  by convent iona l  
methods is  accomplished by s h e a r i n g ,  windrowing, 
o r  chopping and burning.  According t o  Johnson 
(1977), s i t e  p r e p a r a t i o n  is t h e  most c o s t l y  i t e m  
i n  f o r e s t  management p r a c t i c e .  D i e s e l  f u e l  
consumption a l o n e  h a s  been r e p o r t e d  t o  average 
15.2 g a l l o n s  p e r  a c r e  t o  p repare  and p l a n t  
h a r v e s t e d  l a n d  (MA, 19 78) . 

With i n c r e a s i n g  f u e l  p r i c e s ,  t h e r e  has 
been growing i n t e r e s t  i n  u s i n g  whole t r e e  
ch ippers  t o  conver t  u n d e s i r a b l e  timber i n t o  f u e l .  
Th is  i s  advantageous s i n c e  undes i rab le  t r e e s  
a r e  removed and t h e  s i te  is l e f t  c l e a n  f o r  
r e f o r e s  t a t i o n  purposes,  thus  e l i m i n a t i n g  some of  
the  convent iona l  s i t e  p r e p a r a t i o n  o p e r a t i o n s .  
The hardwoods a r e  c o m o n l y  harves ted  by a  f e l l e r -  
buncher and s o i l  is less d i s t u r b e d  i n  r e l a t i o n  t o  
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P 
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mechanical s i t e  p r o p e r t i e s .  Terry and 
Campbell (1981) have s t a t e d  t h a t  s e v e r e  e r o s i o n  
and environmental  problems may develop from 
convent iona l  s i t e  p r e p a r a t i o n .  

I n  the  e a r l y  s t a g e s  of p i n e  growth i n  
ch ip  h a r v e s t  a r e a s ,  compet i t ion  from hardwood 
s p r o u t s  h a s  o f t e n  been observed t o  be more 
s e v e r e  than on a r e a s  prepared convent iona l ly .  
Smith (1979) r e p o r t e d  hardwood stems of stump 
s p r o u t  o r i g i n  i n  non-herbicide t r e a t e d  sites 
amounted t o  40 t o  50% of t h e  s t a n d  popula t ion  
i n  even-aged managed hardwood s t a n d s  whi le  i n  
h e r b i c i d e  t r e a t e d  s i t e s  stems of s p r o u t  o r i g i n  
accounted f o r  15  t o  20% of t h e  popula t ion .  
S t u d i e s  show t h a t  stump t rea tment  wi th  h e r b i c i d e  
can provide an  e f f e c t i v e  and inexpensive means 
of c o n t r o l l i n g  s p r o u t i n g ,  and t h a t  t rea tment  
a t  h a r v e s t  reduces t h e  expense of e l i m i n a t i n g  
s p r o u t i n g  (Lewis e t  a l . ,  1984).  I n  t h e  Lewis 
s t u d y ,  stump s p r o u t  c o n t r o l  o f  up t o  96% was 
achieved us ing  t h e  h e r b i c i d e  Picloram. 

A spray  system mounted on t h e  f e l l e r -  
buncher could e f f e c t i v e l y  app ly  a p r e s c r i b e d  
amount of h e r b i c i d e  t o  each stump a s  each hard- 
wood stem was h a r v e s t e d .  For h e r b i c i d e s  t o  
be used f o r  stump a p p l i c a t i o n ,  i t  is r e q u i r e d  
t h a t  a p p l i c a t i o n  be made s h o r t l y  a f t e r  c u t t i n g .  
Applying h e r b i c i d e s  on ly  t o  t h e  c u t  stump 
s u r f  a c e  would minimize t h e  q u a n t i t y  of h e r b i c i d e  
r e q u i r e d ,  reducing bo th  expense and p o t e n t i a l  
environmental  p o l l u t i o n .  Herb ic ides  l i s t e d  f o r  
hardwood s p r o u t  c o n t r o l  i n c l u d e  Picloram i- 2,4D, 
2,4D e s t e r  + 2,4-DP e s t e r ,  and Dicamba (USDA, 
1983). 



OBJECTIVES 

T h e  o b j e c t i v e s  of t h i s  s tudy  were t o :  

(1)  Design a  s p r a y  system t o  b e  xaounted 
on a fe l le r -buncher  f o r  immediate 
h e r b i c i d e  a p p l i c a t i o n  t o  t h e  
sheared stump . 

(2 )  Evaluate  s p r a y  equipment per-  
f  ormance . 

(3 )  Determine added t i m e  r e q u i r e d  f o r  
spray ing .  

( 4 )  Determine l i m i t a t i o n s  of t h e  system. 

SYSTEM DESIGN 

T h e  des ign  o f  t h e  spray  system inc luded  
component s e l e c t i o n ,  d e s i g n  and f a b r i c a t i o n  of 
p r o t e c t  Ave s h i e l d s  and housings,  and t h e  
s e l e c t i o n  of mounting l o c a t i o n s  f o r  the  components 
on t h e  f el ler-buncher  . 

Ha j o r  components s e l e c t e d  f o r  t h e  spray  
system i n c l u d e d  a  r e s e r v o i r ,  a  s o l e n o i d  opera ted  
v a l v e ,  a spray  nozz le ,  a surge  tank ,  hose,  and 
a  pump. The h e r b i c i d e  r e s e r v o i r  was a  5 g a l l o n ,  
r e c t a n g u l a r l y  shaped, f u e l  can,  The s o l e n o i d  
v a l v e  u s e d  t o  c o n t r o l  t h e  spray  a p p l i c a t i o n  was a  
Hypro m o d e l  2525* w i t h  an  accompanying remote 
c o n t r o l ,  s ing le -po le  s ingle- throw (SPST) , 
n o r n a l l y  o f f ,  push b u t t o n  swi tch .  The spray  
nozz le  chosen  was made of hardened s t a i n l e s s  
s t e e l ,  produced a  60 degree  f u l l  cone spray  
p a t t e r n ,  and was complete wi th  a d r i p  proof check 
va lve .  It  was r a t e d  f o r  0  -57 gpm a t  40 p s i g  
p r e s s u r e .  A Hypro model 3375-0003 s u r g e  tank was 
used i n  the  spray  system t o  reduce pump c y c l i n g  
and r e d u c e  s y s  tem p r e s s u r e  drop dur ing  spray ing .  
The t a n k  was r a t e d  f o r  a  maximum p r e s s u r e  of 
500 p s i g  and was approximately 10 i n c h e s  t a l l  and 
4 i n c h e s  i n  diameter .  The hose used f o r  t h e  
system w a s  318 inch  I D ,  type EPDM and capable of 
w i t h s t a n d i n g  p r e s s u r e s  o f  200 p s i g .  The sprayer  
pump s e l e c t e d  was a S h u r f l o  model 2123-09-922-14, 
diaphrarn type pump powered by a  1 2  v o l t  dc,  s e l f -  
c o n t a i n e d  motor. It had b u i l t - i n  p r e s s u r e  
s w i t c h e s  which k e p t  pump o p e r a t i o n  between 40 p s i g  
and 60 p s i g .  An on-off,  SPST t o g g l e  swi tch  was 
used for s y s  tem s t a r t - u p  . 

A n  enc losure  t o  p r o t e c t  t h e  pump and 
s o l e n o i d  v a l v e  was c o n s t r u c t e d  o u t  of 6  x 4 x 
5/16 i n c h  s t e e l  a n g l e .  The dimensions of t h e  

* 
The  use  of t r a d e  names i n  t h i s  paper  

does n o t  imply endorsement of t h e  p roduc ts  named, 
nor  c r i t i c i s m  of  s i m i l a r  ones n o t  mentioned. 

housing was 16 x 8 x 6 3 / 4  inches .  The s u r g e  
tank was mounted on t h e  o u t s i d e  of t h e  hous ing  
because of t h e  t ank ' s  s i z e  and d u r a b i l i t y .  
The plumbing f o r  t h e  system was f i x e d  t o  the 
s t u r d y  housing t o  provide s t r a i n  r e l i e f  should  
any e x t e r n a l  hoses become snagged and p u l l e d ,  
P a i s  p r o t e c t e d  the  pump and so lenoid  v a l v e  
p o r t s .  S t r a i n  r e l i e f  connect ions were a l s o  
provided f o r  t h e  e l e c t r i c a l  w i r i n g ,  w i t h  
b a r r i e r  s t r i p  t e rmina ls  f i x e d  t o  t h e  hous ing .  
With t h e  pump and s o l e n o i d  va lve  s e c u r e d  i n s i d e  
the  housing and t h e  surge  tank mounted o u t s i d e ,  
t h e  assembly provided a  convenient  package f o r  
easy  mounting on t h e  fe l l e r -buncker  . 

A b r a c k e t  was f a b r i c a t e d  o u t  of 
3  x 2 x  3/16 s t e e l  ang le  f o r  mounting t h e  n o z z l e .  
A s h i e l d  was made t o  p r o t e c t  t h e  nozz le  and 
b r a c k e t .  

A c r a d l e  was f a b r i c a t e d  o u t  of 2  x 2 
x 1 / 8  s t e e l  a n g l e  f o r  c a r r y i n g  and mounting t h e  
h e r b i c i d e  r e s e r v o i r  t o  t h e  t r a c t o r .  A. quick-a t tach 
coupling was i n s t a l l e d  on the  bottom o f  t h e  r e s e r -  
v o i r  f o r  easy  detachment af the  hose from t h e  r e s e r -  
v o i r  t o  the  pump i n l e t .  This gave t h e  o p t i o n  of  
removing t h e  r e s e r v o i r  from t h e  t r a c t o r  mounted 
p o s i t i o n  f o r  easy f i l l i n g .  A schematic  diagram of 
the  components is  shown i n  Figure I. 
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Proper  placement of components on t h e  
f e l le r -buncher  was necessary  t o  e n s u r e  pro- 
t e c t i o n  from l imbs and snags ,  avo id  mechanical 
i n t e r f e r e n c e  wi th  t h e  h a r v e s t i n g  o p e r a t i o n ,  
eE Eec t i v e r y  apply h e r b i c i d e  t o  the  stump w i t h  
dnimum i n c r e a s e d  o p e r a t i o n  t i m e ,  and al low 
adequate observa t ion .  

T h e  nozz le  was i n s t a l l e d  a t  t h e  back of  
t h e  s h e a r  head on t h e  m i n  s t r u c t u r a l b e a n .  
This  p laced  t h e  nozz le  approximately 1-2 f e e t  
behind t h e  t r e e  t h a t  was i n  s h e a r i n g  p o s i t i o n .  
The nozz le  was p o s i t i o n e d  a t  an a n g l e  s o  t h a t  
the  s p r a y  a r e a  would cover  the stump wi th  
x~i.nimum e x t r a  l i f  t i a g  o r  t i l t i n g  of t h e  f e l l e r -  
buncher head.  The nozz le  was p o s i t i o n e d  above 
t h e  bottom of t h e  s h e a r  t o  keep i t  f r e e  from 
s o i l  and d e b r i s ,  s i n c e  t r e e s  a r e  o f t e n  sheared  
a t  ground l e v e l .  The p o s i t i o n i n g  of t h e  
nozz le  behind the  s h e a r  a l s o  k e p t  the  nozzle  and 
hose away from the  mechanical a c t i o n  of t h e  
s h e a r .  The nozzle  was w e l l  p r o t e c t e d  from l imbs 
and t r e e s  because of i t s  l o c a t i o n  and s h i e l d .  

The e x t e r n a l  hoses  and e l e c t r i c a l  w i r e s  
f o r  t h e  system were t i e d  i n  w i t h  t h e  f e l l e r -  
buncher h y d r a u l i c  l i n e s  a long  t h e  i n s i d e  of 
t h e  fe l l e r -buncher  l i f t  arms f o r  p r o t e c t i o n .  

The pump and so lenoid  va lve  enc losed  
i n  a  framed housing was between t h e  f e l l e r -  
buncher l i f t  a r m  and behind a  s t r u c t u r a l  
c i r c u l a r  b e m  Located between t h e  o p e r a t o r  and 
t h e  nozz le .  The housing,  l o c a t e d  w i t h i n  t h e  
f rameworlc of the  h a r v e s t i n g  machine ,was p r o  t e e  t e d  
f r n m  Clile working environment . The housing 
and surge  tank were i n  f u l l  view o r  t h e  
o p e r a t o r  b u t  d i d  n o t  i n t e r f e r e  w i t h  v i s i o n  
r e q u i r e d  f o r  normal h a r v e s t i n g  o p e r a t i o n s .  

The r e s e r v o i r  was mounted i n  t h e  f r o n t  
of and below the  cab and o p e r a t o r ' s  v i s i o n .  
I t  was mounted on t h e  t r a c t o r ,  between the  
fe l l e r -buneher  l i f t  f o r  p r o t e c t i o n ,  and i n  a  
p o s i t i o n  above the  pump, g i v i n g  t h e  h e r b i c i d e  a  
a  p r e s s u r e  head and p e r ~ t t i n g  g r a v i t y  flow t o  
the  pump i n l e t ,  which e l i m i n a t e d  p o t e n t i a l  
pump s t a r v a t i o n  problems. 

The remote c o n t r o l  push b u t t o n  swi tch  
f o r  t h e  s o l e n o i d  va lve  and t h e  toggle  swi tch  f o r  
system s t a r t  up and s h u t  down were l o c a t e d  i n  
t h e  cab - t o  the  f r o n t  and right of t h e  
o p e r a t o r  f o r  easy access .  

With t h e  spray  system mounted on a  
fe l l e r -buncher ,  a  h a r v e s t  o p e r a t i o n  was observed.  
A dyed-water s o l u t i o n  was used t o  see t h e  a r e a  
of spray  a p p l i c a t i o n  and e f f e c t i v e n e s s  of t h e  
system. 

The o p e r a t o r  mnuevered t h e  t r a c t o r  i n t o  
p o s i t i o n  f o r  c u t t i n g ,  t h e  t r e e  was sheared ,  t h e  

s h e a r  was  l i f t e d  and t i l t e d  t o  p o i n t  t h e  nozz le  
a t  t h e  stump, and the  remote c o n t r o l  push b u t t o n  
swi tch  was pressed  f o r  1-2 seconds f o r  s u f f i c i e n t  
spray  a p p l i c a t i o n  t o  the  stump, 

%he system conrponents opera ted  s a t i s -  
f a c t o r i l y .  The volume of spray  d e l i v e r e d  i n  1-2 
seconds a t  40-60 p s i g  appeared s u f f i c i e n t  f o r  
w e t t i n g  t h e  stump and was adequate f o r  t h e  s p r a y  
p a t t e r n .  The added o p e r a t i o n a l  time t o  p o s i t i o n  
the  n o z z l e  and spray  t h e  stump was small (about  
3-5 seconds) ,  p a r t i c u l a r l y  a s  t h e  o p e r a t o r  be- 
comes f a m i l i a r  w i t h  t h e  proper  technique f o r  
e f f e c t i v e  a p p l i c a t i o n .  The h igher  t h e  s h e a r  was 
r a i s e d ,  t h e  l a r g e r  t h e  a r e a  of a p p l i c a t i o n ,  b u t  
the  l e s s  concent ra ted  t h e  spray  d r o p l e t s  were.  
A t  a  l e v e l  of 2 f e e t  above t h e  stump, the  
spray  a r e a  was more than enough t o  cover 10 i n c h  
diameter  stumps, and t h e  amount of spray  con- 
t a c  t i n g  t h e  s tutnp appeared adequate.  Stumps 
sheared  a t  ground l e v e l  o f t e n  had d e b r i s  thrown 
on them by t h e  s h e a r i n g  a c t i o n .  This  i n t e r f e r e d  
wi th  proper  stump w e t t i n g  and complete a p p l i c a t i o n .  
Cut t ing  t h e  t r e e s  2-4 inches  above ground reduced 
the  s e v e r i t y  of t h a t  problem. 

No problems developed wi th  regard  t o  
component mounting and placement dur ing  t h e  s h o r t  
term t e s t  . A l l  components were we11 p r o t e c t e d  
from t h e  environment. 

The o v e r a l l  o b s e r v a t i o n  time was about  
3 hours  and on ly  approximately 2 g a l l o n s  of s p r a y  
s o l u t i o n  were used i n  h a r v e s t i n g  more than  100 
t r e e s .  The p o s i t i o n i n g  of t h e  nozz le  and t h e  
spray  a p p l i c a t i o n  t i m e  added l i t t l e  t o  t o t a l  
p roduc t ion  t ime.  The system was very e f f e c t i v e  
a t  c o n s i s t e n t l y  and thoroughly w e t t i n g  the  
e n t i r e  stump . 

RU ATdD CONCLUSION 

A fe l l e r -buncher  mounted spray  system 
-;nay h e l p  t o  reduce s i t e  p r e p a r a t i o n  c o s t s  i n  c h i p  
harves ted  s i t e s .  It  is f e l t  t h a t  s p r o u t  c o n t r o l  
can be accomplished by t h e  combined shearing-  
s p r a y i n g  o p e r a t i o n .  I n  l i m i t e d  t e s t s  wi th  a 
fe l l e r -buncher  equipped wi th  a  spray  system, 
stump s u r f a c e s  were c o n s i s t e n t l y  wet ted  by t h e  
s p r a y e r  and system o p e r a t i o n  was s imple.  The 
h a r v e s t i n g  produc t ion  t i m e  was delayed only about  
5 secolzds p e r  c y c l e  w i t h  t h e  a d d i t i o n  of t h e  
spray ing  p r o c e s s .  Conrponent s e l e c t i o n  and 
placement on t h e  fe l l e r -buncher  were adequate.  
The i t e m  were w e l l  p r o t e c t e d  from t h e  
environment and f r e e  from mechanical i n t e r f e r e n c e  
wi th  t h e  machine. 

As f u e l  c h i p  use  beconies more popular ,  
t h e  added advantages from combined h a r v e s t i n g  and 
h e r b i c i d e  stump a p p l i c a t i o n  o p e r a t i o n s  wi th  a  
fe l l e r -buncher  mounted spray  system m y  become 
even more a p p a r e n t .  The system could be a  good 
o p t i o n  f o r  c l e a r i n g  and prepar ing  s i t e s  f o r  
r e f o r e s t a t i o n  and may reduce expenses r e q u i r e d  



by c o n v e n t i o n a l  s i t e  p r e p a r a t i o n  methods. Also, 

s i n c e  o E t e n  times a n  a r e a  is h a r v e s t e d  and a  
per iod  of t i m e  allowed t o  e l a p s e  f o r  s u f f i c i e n t  
s p r o u t i n g  t o  occur  f o r  burn ing ,  t h i s  s p r o u t  
c o n t r o l  method may a l low p i n e  t o  S e  p l a n t e d  
sooner .  

LITERATURE CITED 

APA 
1978. Southern production notes and energy 
requirements for management equipment. 
American Pulpwood Association. 

Johnson., H, D. 
1977. Final harvest, site preparation, and 
regeneration-future directions for research. 
In Proceedings, Second Annual Seminar for - 
Forestry Professors. Harvesting, site pre- 
paration, and regeneration in southern pine 
plantations, Logging and Forest Operations 
Center, pp. 127-136. 

Lewis, J. B., S. M. Zedaker, and D. W. Smith. 
1984. Control of stump sprouting in piedmont 
hardwoods. In Proceedings, 37th Annual 
Meeting of t E  Southern Weed Science 
Society. Hot Springs, AR. pp. 182-186. 

Smith, H. C. 
1979. Natural regeneration and intensive 
cultural practices in central Appalachian 
hardwood stands using clearcutting and 
selection cutting practices. 5 
Proceedings, Regenerating Oaks in Upland 
Hardwood Forests. The 1979 John S. Wright 
Forestry Conference, Purdue University. 

Terry, T. A. and R. G. Campbell. 
1981. Soil management considerations in 
intensive forest management. 5 Proceedings 
of the American Society of Agricultural 
Engineer symposium on systems for forest 
regeneration. ASAE publication 10-81. 
ASAE. St. Joseph, MI. pp. 98-106. 

U.S. Department of Agriculture. 
1983. Forest management chemicals. 
Agriculture Handbook number 585. U.S. 
Government Printing Office, Washington, DC. 



DIRECT SEEDING VERSUS PLANTING FOR ESTABLISHMENT 

OF PINES ON WEST FLORIDA SANDHILLS 
2 f Kenneth W. Outcal t 

Abs t rac t  ,--Survi va l  and growth o f  d i  rect-seeded 
1 ongl eaf  , slash,  and Ckoctawhatchee sand pines were com- 
pared w i t h  t h a t  o f  nursery-grown 1-0 seedl ings on a t y p i  - 
ca1 s a n d h i l l s  s i t e .  Nursery seedl ings o f  a l l  species 
grew f a s t e r  i n i t i a l l y ,  bu t  by age 8 growth ra tes  were 
s i m i l a r  f o r  t r e e s  on b o t h  p l a n t e d  and seeded a reas ,  
Trees on t h e  p lan ted  areas, however, a re  s t i l l  s i g n i f i -  
c a n t l y  l a r g e r  than those on seeded areas because o f  t h e  
advantage gained i n  t h e  e a r l y  years. Direct-seeded s lash  
and 1 ongl ea f  p i ne  p l o t s  are now understocked and, because 
o f  morta l  i t y  from brown-spot need1 e b l  i ght , p l  anted 1 ong- 
l e a f  p l o t s  a re  a l so  poor ly  stocked. Planted s lash p i ne  
p l o t s  are f a i r l y  wel l -s tocked but  growth ra tes  have been 
poor. Sand p i ne  had t h e  best  r a t e  of growth and was t h e  
on ly  species success fu l l y  es tab l i shed by d i r e c t  seeding. 

INTRODUCTION 

About 8 m i l l i o n  acres o f  s a n d h i l l s  a re  sca t -  
t e red  throughout t h e  southeastern coasta l  p l  a i n  
o f  t h e  Uni ted States,  These marine deposi ts  
Prom t h e  P l e i s t o c e n e  epoch a r e  an i m p o r t a n t  
physiographic f ea tu re  o f  cen t ra l  and northwest 
F l o r i da .  They a l so  occupy s i g n i f i c a n t  areas o f  
Georgia, South Carol ina,  and North Caro l ina  i n  
t h e  t r a n s i t i o n  zone between t h e  upper coasta l  
p l a i n  and t he  piedmont (Burns and Hebb 1972). 
Sandh i l l s  s o i l s  a re  t y p i c a l l y  ac id,  i n f e r t i l e ,  
and droughty. Because of s o r t i n g  a c t i o n  dur ing  
depos i t ion  they are l a r g e l y  quar tz  sands, rang- 
i n g  from a few f e e t  t o  more than 20 f e e t  deep. 

The Chipola Experimental Forest  was estab-  
1 ished i n  northwest F l o r i d a  by t he  USDA Fores t  
Serv ice i n  t h e  e a r l y  1950's t o  develop methods 
f o r  making s a n d h i l l s  more p roduc t ive  f o res t  
s i t e s  . I n i  t i a1 observat ions i nd i ca ted  t h a t  d i  - 
r e c t  seeding might  be used t o  e s t a b l i s h  p i ne  
p l an ta t i ons  on these areas. D i r e c t  seeding i s  
cheaper than p l  a n t i  ng nursery-grown seed1 i ngs. 
The o b j e c t i v e  o f  t h i s  study was t o  compare t h e  
s u r v i  va l  and growth o f  d i  rect-seeded 1 ongl eaf, 
s lash (P. e l  1 i o t t i  i Engelm.) , and Choctawhatchee 
sand (P. clausa var .  immuginata Ward) p ines w i t h  
nursery-grown 1-0 t ranspl  ants on s i  te-prepared 
scrub oak sandhi 11 s . 

METHODS 
The sandhi 11s were once dominated by r e l a -  

t i v e l y  open stands o f  l ong lea f  p i ne  (p inus pa l -  
u s t r i s  Mi11 .) bu t  on l y  sca t te red  patches and 
i s o l a t e d  t r ees  remain, Most s i t e s  were claimed 
by a scrub oak-wi regrass understory f o l l o w i n g  
removal o f  t h e  l ong lea f  i n  t h e  e a r l y  1900's. 
This scrub vegeta t ion  i s  p r i n c i p a l l y  t u r key  
(Quercus l a e v i s  Walt.), b lue jack  [Q. incana 
B and sandpost (Q,  s t e l l a t a  var. margar- 
e t t a  (Ashe) Sarg . ) oaks, and wi regrass ( A r i  s t i d a  
s t r i c t a  Michx.), 

Study S i t e  

The s t u d y  s i t e  i s  1.3 m i l e s  west  o f  t h e  
Chi po la  Experimental Fores t  headquarters (NW 1/4 
of Sec. 5, T 1 S, R 10 W )  i n  Calhoun County, 
F la .  The s o i l  i s  a t y p i c a l  droughty, deep sand 
of t h e  Lakeland ser ies ,  The s i t e  was burned i n  
May, chopped i n  Ju ly ,  and rechopped i n  August 
1958. P l o t s  estabf i shed i n  1963 were d isked i n  
November 1962; p l o t s  es tab l i shed i n  1964 were 
d isked i n  November 1963. 

I/ Paper presented a t  Southern S i  1 v i c u l  t u r a l  Experimental Design 
~ e s e a r c h  Conference, At1 anta, Georgia, November 
7-8, 1984, A randomi zed b lock , sp1 i t - p l  o t  desi gn w i t h  

t reatments rep1 i c a t e d  over t ime  inc luded four  
26 Kenneth W, O u t c a l t  i s  S o i l  S c i e n t i s t ,  b locks w i t h  12 p l o t s  w i t h i n  each. W i th i n  each 

~out6e;eastern Fores t  Experiment Stadi  on, Gaines- b lock,  species were randomly assigned t o  a group 
v i l l e ,  F l o r i d a  32611. o f  f o u r  p l o t s ,  i .e., t h e  main p l o t s ,  These f o u r  ) 



p l o t s  we re  randomly se lec ted  f o r  d i r e c t  sowing 
o r ' p l a n t i n g ,  two i n  1963 and two i n  1964, P lo t s  
were 16 by 200 feet  and conta ined 50 seed spots 
o r  t r a n s p l a n t s ,  two rows o f  25 each. 

Establ  i shment 

Seeds were c o l l e c t e d  f rom na tu ra l  stands o f  
l o n g l e a f  and s lash  p i ne  on t h e  Chipola Exper i -  
mental F o r e s t  i n  t h e  f a l l  o f  1960, Sand p ine  
seeds we r e  co l  l e c t e d  on t he  Egl i n  A i r  Force Res- 
e r v a t i o n  i n  t h e  f a l l  o f  1961. Germination aver- 
aged abou t  70 percent  i n  t e s t s  o f  a1 1 seed l o t s  
before a n d  a f t e r  s tudy establ ishment.  

A r e p e l l e n t  coa t i ng  o f  ArasanB and endr in  
was a p p l i e d  t o  d i rect-sowed seeds. Twelve seeds 
were sowed a t  each seed spot w i t h  spots a t  an 8- 
by & f o o t  spacing, Seeds were covered w i t h  1/4 
t o  3/8 i n c h  o f  s o i l  and a hardware mesh cone was 
p laced o v e r  t h e  seed spot f o r  p r o t e c t i o n  from 
p reda to r s .  Some t ype  o f  seed p r o t e c t i o n  i s  nec- 
essa ry  on s m a l l  a reas  c l e a r e d  i n  s c r u b  oak 
s i t e s  b u t  would no t  be requ i red  on l a r g e r  oper- 
a t i o n a l  -sca le  areas. One year a f t e r  sowing, t he  
cones we re  removed and a l l  bu t  t h e  l a r g e s t  seed- 
l i n g  was removed f rom spots w i t h  m u l t i p l e  
seed1 i n g s .  

S e e d l i n g  stock was grown i n  t h e  Chipola Ex- 
pe r imen ta l  Fores t  Nursery. A f t e r  1 year i n  t h e  
nursery, seed1 i ngs were I i f t e d  and d i bb le  p l a n t -  
ed i n  t h e  f i e l d  a t  an 8- by 8 - foo t  spacing. D i -  
r e c t  seed ing  and p l a n t i n g  1-0 stock was done i n  
February f o r  both t h e  1963 and 1964 p l o t s ,  Fa11 
o r  w i n t e r  i s  t h e  recommended season f o r  d i r e c t  
sowing f ongleaf, s lash,  and sand p ine  i n  t h i s  
area (Burns  and McReynolds 1975), bu t  a February 
date was used t o  co inc i de  w i t h  t h e  date seeds 
were sowed i n  t h e  n u r s e r y  f o r  t h e  p l a n t i n g  
stock. 

Data C o l l e c t i o n  and Analys is  

H e i g h t s  and s u r v i v a l  were recorded annual l y  
on a l l  p l o t s  from ages 1 t o  10 years. Tree d i a -  
meters were  measured on a l l  p l o t s  a t  age 10. 
Heights and diameters were measured on t h e  sand 
p i ne  p l o t s  on ly  a t  20 years o f  age. I n i t i a l  
s u r v i v a l  f o r  d i rect-seeded p l o t s  was based on 
t h e  12 seeds p lan ted  a t  each seed spot. Surv i -  
val d a t a  a f t e r  3 year  were based on t h e  number 
o f  p l a n t  i n g  o r  seed spots. Other than t he  i n i  t- 
i a 1  s u r v i v a l  o f  d i  rect-sowed seedl ings,  t he re  
were no s i  gni f i  cant  d i f f e rences  between t h e  1963 
and 1964  p l o t s  so da ta  were combined f o r  analy-  
s i s  and presenta t ion .  

RESULTS AND DISCUSSION 

Based  on t h e  12 seeds p lan ted  a t  each seed 
spot, s u r v i v a l  a t  t h e  end o f  t h e  f i r s t  p l a n t i n g  
season was 19, 14, and 58 percent  f o r  l ong lea f ,  
slash, a n d  sand p ine,  r espec t i ve l y ,  f o r  t h e  1963 
p l a n t i n g  , and 75, 69, and 79 percent, respect-  
i v e l y ,  f o r  t h e  1964 p l  a n t i  ng, The d i f f e r e n c e  i n  

i n i t i a l  s u r v i v a l  was l a r g e l y  due t o  a d r y  pe r i od  
i n  March and A p r i l  o f  1963 when t o t a l  r a i n f a l l  
f o r  t he  2-month pe r i od  was l e s s  than 2 inches, 
Even though su rv i  va l  was 1 ow fo r  d i  rect -seeded 
p l o t s  i n  1963, a t  l e a s t  one seed l ing  su rv i ved  a t  
each p l a n t i n g  spot, Thus, a l l  p l o t s  f o r  both 
years were f u l l y  stocked a f t e r  I year. 

Between ages 1 and 10, m o r t a l i t y  was r a t h e r  
h i gh  on t he  d i  rect-seeded l ong lea f  and s l ash  
p i ne  p l o t s ,  and both were understocked a t  age 10 
(Table 1). P l o t s  d i r e c t  seeded t o  sand p i n e  had 
an acceptable dens i t y  o f  325 t r ees  per acre  a f -  
t e r  20 years. PI o t s  p! anted t o  long1 ea f  -were 
understocked due t o  I osses from brown-spot 
needle b l  i ght  (Sci  r r h i  a ac i  co l  a (Dearn . ) CJ- 
gers ) .  Planted s lash  and sand p ine  each had 
more than 80 percent  s u r v i v a l  a f t e r  10 years,  

Tab le  I . - -  Stock:ng and growth of d ~ r e c t - s e e d e d  a r d  
planted longleaf ,  s l a sh ,  and sand pipes on a west F l o r ~ d a  
sandh~ l l  s  s i t e .  

Establ~shment Stocklng ~TarneterA' Hetght ~ o l u m p l !  
method 

2 
No./acre Inches Feet F t . "  i a c r e  

LONGLEAF PINE 
(age 10)  

Direct seeded 210 1.7 3.0 e 
Planted 245 2.5 6.2 30 

SLASH PINE 
(age 10) 

Direct seeded 180 2.2 11.5 28 
Planted 555 3.1 17.2 255 

CHOCTAWHATCHEE SAND PINE 
(age 10) 

Direct seeded 350 3 .1  18.1 220 
Planted 630 4.7 24.5 1045 

CHOCTAWPFICHEE SAND PINE 
(age 20) 

Direct seeded 325 5.4 40.6 1100 
PI anted 625 6.9 47.2 3450 

Al l  d i f ferences  in growth a t t r i bu t ed  t o  method of es- 
tablishment are  s t a t i s t i c a l l y  s ign i f i can t  a t  t h e  0.05 
level .  

3 Volumes are  fo r  the  en t r r e  bole :*side bark. Longleaf 
and s l a s h  p ine  volumes a r e  b a s e d  on equat:ons "om 
Scnm~tt  and Bower (?9iOj. 

During t h e  e a r l y  years o f  t h e  study, p lan ted  
stock grew a t  a f a s t e r  r a t e  than d i rect-seeded 
t r e e s  (Fig.  1 ) .  Since about age 8, however, 
height-growth ra tes  have been nea r l y  equal f o r  
both establ ishment methods. The i n i t i a l  advan- 
tage o f  t h e  p lan ted  t r e e s  was s t i  11 ev iden t  a f -  
t e r  10 years, w i t h  p lan ted  sand p i ne  averaging 
6,4 f e e t  t a l l e r ,  p lan ted  s lash  p i ne  5.7 f e e t  
t a l l e r ,  and p lan ted  l ong lea f  p ine  3.2 f e e t  t a l -  
l e r  than t h e  d i rect-seeded t r ees  o f  the-same 
species (Tab1 e 1 ) .  Average diameters a t  age 10 



were a lso  grea ter  f o r  t he  t r ees  es tab l i shed by 
p l  a n t i  ng , These he i  ght and d i  ameter advantages 
o f  t h e  p lan ted  stock continued f o r  sand p ine  
through age 20, 

26 4 A Slash pine 

Longleaf pine 
----"- Direct seeded 

22 { - Planted 

Plantat ion age (yrs.) 

F i  gure 1 ,--Average t r e e  he i  ghts by species, age, 
and establ ishment method. 

Because o f  poor su rv i va l  and lower growth 
rates,  d i  rect-seeded p l o t s  produced much 1 ess 
wood than the  p lan ted  stands a t  10 years o f  age 
(Table 1) .  P lo t s  p lan ted  t o  l ong lea f  and sand 
p ine  contained about f ou r  t imes as much wood as 
d i  rect-seeded p l o t s  whi 1 e p l  anted s l  ash p i  ne 
p l o t s  contained n ine  t imes as much wood as d i -  
rect-seeded p l o t s  . The d i  f fe rence i n  vol  ume 
between direct-seeded and p lan ted  sand p ine  had 
diminished somewhat by age 20, bu t  p lan ted  p l o t s  
were s t i  11 super ior .  

Some o f  t he  observed he igh t  advantage was 
because planted t r ees  were 1 year o l de r  than 
d i  rect-seeded t rees ,  The he igh t  o f  d i  rect-seeded 
t rees ,  however, lagged 2 o r  more years behind 
t he  p lan ted  stock. Thus, p lan ted  t r ees  had more 
than j u s t  an age advantage, Because o f  t h e i r  
i n i t i a l  height ,  p lan ted  t r ees  were b e t t e r  able 
t o  deal w i t h  competing vegetat ion and suffered 
less  growth loss.  Because these sandh i l l s  s i t e s  
tend t o  be i n f e r t i l e ,  some o f  t he  d i f f e rence  i n  
g rowth  was l i k e l y  due t o  n u t r i e n t s  t h a t  t h e  
p lanted stock accumulated wh i l e  i n  t he  nursery. 

Once both types o f  t r ees  were above the  competi- 
t i o n  and d i l u t i o n  e f f e c t s  had mediated t h e  nu- 
t r i e n t  d i f fe rences ,  an equa l i za t i on  i n  mean an- 
nual he igh t  growth would be expected, Sand p ine  
he igh t  growth between ages 10 and 20 averaged 
2.25 and 2.3 f e e t  per  year on d i  rect-seeded and 
planted p1 o t s  , respec t i ve l y  , whi 1 e diameter 
growth was 0.23 and 0.22 inches per year, Thus, 
as expected, growth ra tes  d i d  equalize. 

Even though a l l  p l o t s  were f u l l y  stocked a t  
t he  end o f  t he  f i r s t  growing season, poor stock-  
i n g  a t  age 10 was a s i g n i f i c a n t  problem w i t h  t he  
d i  rect-seeded 1 ongl eaf  and s l  ash p ine  p1 ots,  
For long lea f  p i ne  t h i s  was p r i m a r i l y  because o f  
brown-spot disease, which cou1 d be con t ro l  1 ed t o  
reduce m o r t a l i t y .  Seeding ra tes  could a1 so be 
adjusted t o  compensate f o r  expected morta l  i c y .  
However, even when adequate s tock ing  was ob ta in -  
ed, as i t  was i n  t h e  p lan ted  long lea f  and s lash  
p ine  p lo t s ,  growth ra tes  were s t i l l  i n f e r i o r  t o  
t h a t  o f  sand pine. 

CONCLUSIONS 

Choctawhatchee sand p ine  had the  best growth 
i n  both direct-seeded and p lan ted  p lo t s .  This 
would be expected s ince  Choctawhatchee sand p ine  
has cons i s ten t l y  outperformed a l l  o ther  species 
t es ted  on these sandh i l l s  s i t e s  (Brendemuehl 
1981). I n  a d d i t i o n ,  sand p i n e  was t h e  o n l y  
t es ted  species where adequately stocked stands 
were es tab l i shed by t h e  d i rec t -seed ing  method o f  
regeneration. Even though success fu l l y  estab- 
l i s h e d  by d i r e c t  seeding, because o f  t he  l i m i t e d  
seed supply and t h e  slower i n i t i a l  growth com- 
pared w i t h  p lan ted  seedlings, p l a n t i n g  i n  most 
cases would be pre fer red .  The on ly  advantage of 
d i r e c t  seeding i s  lower establ ishment cos t '  
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r / RELATING ROOT GROWTH POTENTIAL TO SURVIVAL GROWN OF LOBLOLLY PINE SEEDLINGS- 

2 1  Charles R. Venator and James P. Barnett- 

Abstract.--Loblolly pine seedlings were lifted 
monthly from October 1979 to April 1980 to determine 
any relationships of root growth potential to survival 
and height growth. Root growth potential varied by the 
different lifting dates, but it was not significantly 
correlated to field perfomance. The best root growth 
was found when seedlings were lifted in January, 
February, and March. Seedlings lifted prior to dor- 
mancy survived poorly in the field. The study found 
evidence that "lifting windows" can be related to 
improved field performance. 

INTRODUCTION 

Increasing the field performance of southern 
pine seedlings during the first year following 
outplanting is one of the greatest needs in 
forestry across the South. To accomplish this 
would lower both nursery production and plan- 
tation establishment costs. One means of 
improving this f irst-year performance could be 
the determination of optimum lifting and planting 
dates. Timeliness of these events appears to 
influence seedling survival. However, there is 
no general agreement on the most favorable dates. 

Venator (1985) found that loblolly pine 
seedlings lifted in December or January survived 
and stored better than those lifted later in the 
lifting season. Dierauf (1978) reported in a 
review of loblolly planting practices in Virginia 
that late winter and early spring planting gave 
better seedling survival than did later planting. 
In a related paper, Gardner and Dierauf (1976) 
found that loblolly seedlings' root systems 
steadily increased in weight through the winter 
which indicates seedlings continue root growth in 
the colder months. 

In another study to determine the effect of 
planting date on regeneration and development of 
roots of loblolly pine seedlings, Bilan (1961) 
lifted and planted seedlings at 2-week intervals 
between November and March. Seedlings planted 
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early grew substantially larger root systems than 
seedlings planted Late. His conclusion was that 
late planted seedlings were more likely to 
succeed only when favorable soil moisture con- 
ditions occurred in the growing season that 
followed. 

In a recent publication Brfssette and 
Roberts (1984) studied the effect of seedling 
size and lifting date on root growth potential of 
loblolly pine seedlings of two Arkansas nur- 
series. Larger seedlings exhibited significantly 
more root regeneration potential than small 
seedlings, perhaps because larger root systems 
had more sites for root growth or more food 
reserves. Also, seedlings lifted in November had 
Less root growth potential (RGP) than those 
lifted in January or Xarch. However, no sta- 
tistically significant correlation between RGP 
and field survival of seedlings was found. 

In this study, root growth potential was 
related to field survival and seedling heights 
over a period of several months between early 
fall and late spring. 

Seedlings were lifted from a research nur- 
sery at the Alex_andria Forestry Center. Liftings 
were made near the first of each month, between 
October 1978 and April 1979. Five plots of 20 
seedlings each were outplanted each month in a 
randomized block design. All of the 1-0 
seedlings were planted by hand at a 2' x 2" 
spacing. Only mycorrhizal seedlings were 
outplanted. Site preparation prior to 
outplanting consisted of disking to fninimize 
variation due to competing vegetation, 



Root growth p o t e n t i a l  lzaeasurements were made 
on 25 s eed l i ngs  from each l i f t i n g  da te .  These 
were po t ted  f i v e  each i n  8-inch p l a s t i c  po ts  
f i l l e d  -with washed sand- The pots  nere  placed i n  
a n  environmental chamber with a  cons tan t  tem- 
pe r a tu r e  of 2 0 " ~  and a 14-hour l i g h t  photoperiod. 
Number and length  of new roo t s  exceeding 5 nnn 
were zneasured a f t e r  30 days. 

The f i e l d  s u r v i v a l  d a t a  a f t e r  1 and 2 years  
were converted t o  a r c s i n e  va lues  f o r  
c o r r e l a t i o n s  with roo t  growth p b t e n t i a l .  
Seedl ing  he igh t s  were measured t o  t he  nea r e s t  
cen t imeter .  Co r r e l a t i on  c o e f f i c i e n t s  of REP and 
f i e l d  pe r fo rmnce  and Duncan's mu l t i p l e  range 
t e s t s  of l i f t i n g  d a t e  means were eva lua ted  f o r  
s t a t i s t i c a l  s i g n i f i c a n c e  a t  t h e  0.05 l e v e l .  

RESULTS 

Su rv iva l  

F i r s t - yea r  s u r v i v a l  averaged 75 percent  o r  
more i n  only t h r e e  p l an t i ngs  (February, March, 
and Apr i l )  ( t a b l e  1). Surv iva l  of seed l ings  
p lan ted  i n  October averaged only 42 percent .  
There was a 30-percentage po in t  drop i n  o v e r a l l  
s u r v i v a l  between t h e  f i r s t  and second years  i n  
t h e  f i e l d .  The .maximum s u r v i v a l  r a t e  was reached 
by the  Harch p l an t i ngs ,  and t he se  averaged only 
51 percent .  This  major drop i n  o v e r a l l  s u r v i v a l  
r e f l e c t e d  t he  s eve re  drought of 1980. Monthly 
r a i n f a l l  from May through September averaged only  
5 inches ,  compared t o  a  30-year average of 21 
inches  f o r  t he  same period.  

Co r r e l a t i on  c o e f f i c i e n t s  between RGP 
(numbers of new r o o t s )  and s u r v i v a l  a f t e r  1 and 2 
yea r s  was 0.679 and 0.611, r e spec t i ve ly .  Only 46 
and 37 percent  of t h e  v a r i a t i o n  i n  su rv iva l  was 
accounted f o r  by roo t  growth p o t e n t i a l .  

Root Regenerat ion 
Heights  

The number of new roo t s  ranged from 20 per  
s eed l i ng  wi th  an average l eng th  of 2.3 cm t o  134 
wi th  an average length  of 2.8 cm ( t a b l e  1 ) .  Root 
r egene ra t i on  was h ighes t  f o r  t h e  January,  
February,  and March l i f t e d  s eed l i ngs  with t he  
peak occur r ing  i n  February. The h ighes t  RGP 
coincided wi th  t he  per iod  when cold hard iness  o r  
dormancy seemed g r e a t e s t .  

Average roo t  l eng th  was q u i t e  uniform 
r ega rd l e s s  of l i f t i n g  da t e ,  a l though a peak d id  
occur dur ing  January.  The c o e f f i c i e n t  of de te r -  
minat ion r e l a t i n g  numbers t o  length  of new roo t s  
was 0.415, which was not  s t a t i s t i c a l l y  s i g n i f i -  
c an t .  

Seedling he igh t s  averaged from 52 t o  63 cen- 
t ime t e r s  a f t e r  2 years  i n  t h e  f i e l d  ( t a b l e  1 ) .  
Seedlings p lan ted  i n  October were smal le r  than  
those  p lan ted  t h e  o the r  da tes .  Heights  were no t  
s i g n i f i c a n t l y  r e l a t e d  t o  RGP, The c o r r e l a t i o n  
c o e f f i c i e n t  between numbers of new roo t s  and 
second-year he igh t  was 0.552. 

DISCUSSION 

The RGP d a t a  i n d i c a t e  t h a t  l o b l o l l y  p ine  
s eed l i ngs  have a period dur ing  t h e  l i f t i n g  season 

Table 1.--Root growth p o t e n t i a l ,  s u rv iva l ,  and he igh t s  of l o b l o l l y  pine 
1 / s eed l i ngs  l i f t e d  and outp lan ted  monthly between Bctober 1979 and Apr i l  1980- 

L i f t i ng /p l an t i ng :  Root growth p o t e n t i a l  : Surv iva l  Height 
d a t e  : New r o o t s  : Avg, l eng th  : 1st year: 2nd year  : 2nd year  

---number--- ---- cm---- ----- - percent----- ------cm----- - 
October 20 a 2.3 bc 42 a 27 a 52 b 

November 63 b 2.0 b 68 ab  23 a 61 a 

December 21 a 1.5 a  69 ab  32 a 59 a 

January 105 c 3.3 e  71 b 40 a 56 a 

February 134 e 2.8 d 81 b 42 a 63 a 

A p r i l  43 ab 2.7 cd 7 5 b  4 3 a  60 a 

I /  Means w i th in  columns followed by t he  same l e t t e r  a r e  not s i g n i f i c a n t l y  - 
d i f f e r e n t  a t  t he  0.05 l e v e l .  



when roat growth is better than at other times. 
This cos-ifinns the recent report (Venator. 1985) 
that a *'lifting window" exists for loblolly pine 
and thae it coincides with the period when 
seedlinss are considered to be most dormant. 

It is generally assumed that RGP is closely 
related to field survival. However, a statisti- 
cally significant relationship between numbers or 
lengths of new roots and survival was not found. 
Others have reported the same results (Brissette 
and Roberts 1984). An even poorer relationship 
existed between RGP and seedling growth. The 
relationship between RGP and field performance 
could probably be improved by more closely 
grading seedlings by morphological charac- 
teristics prior to installation of a study com- 
paring root development and seedling 
performance . 

Even when a close relation exists between 
RGP and field performance, climatic conditions 
following outplanting may control performance 
more than the morphology and physiology of the 
plants . 
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SURVIVAL OF PINES OM D R O U G K n  SOILS: 

1 / WO YEAR RESTnvTS - 
3/' i l  James C. ~ r o l l , l /  William C. Deauman,- , C. Darwin Foster,- , 

21  David L. ~ u l h a v e ~ , ~  and David T r a c e p  

Abstract.--Three spec i e s  of p ine s  ( l o b l o l l y ,  s l a s h  and l ong l ea f )  
were p lan ted  w i th  f o u r  atments  ( l o b l o l l y  and s l a s h  = ba re roo t ,  c l ay  
d i p  s l u r r y  and T e r r a s o r R  longleaf  = con t a ine r i z ed )  t o  t e s t  s u r v i v a l  on 
droughty, t y p i c  q u a r t z i p s a m e n t s  s o i l s .  At t h e  end of t h e  f i r s t  season,  
s u r v i v a l  s s i g n i f i c a n t l y  b e t t e r  f o r  t h e  con t a ine r i z ed  longleaf  and 
Terrasorb@treated l o b l o l l y  p ine  (81 and 85%) followed by u n t r e a p d  
l o b l o l l y  p ine  (51%), c lay- t rea ted  l o b l o l l y  (50%),  then  Ter rasorb  
t r e a t e d  s l a s h  (48%), un t r ea t ed  s l a s h  (41%) and c lay- t rea ted  s l a s h  (36%). 

of t h e  second growing season,  longleaf  had 56% s u r v i v a l ,  
t r e a t e d  l o b l o l l y  (51%), clay-dip s l u r r y  l o b l o l l y  (31.9%), 
t r e a t e d  s l a s h  (21%), un t r ea t ed  l o b l o l l y  p ine  (20%) and 

c lay- t rea ted  s l a s h  and un t r ea t ed  s l a s h  (17%). Pe s t  management 
recommendations and management cons ide r a t i ons  a r e  presen ted .  

INTRODUCTION 

During t h e  l a s t  twenty yea r s  c l e a r - cu t t i ng ,  
followed by i n t ens ive  s i t e  p r epa ra t i on  and 
p l an t i ng  w i t h  g e n e t i c a l l y  improved s eed l i ngs ,  
has become a widely used method f o r  southern  p ine  
regenera t ion .  Such techniques,  when app l i ed  on a 
broad s c a l e ,  "one-size-f i ts-al l"  manner o f t e n  
produce l e s s  than  s a t i s f a c t o r y  r e s u l t s .  This  i s  
p a r t i c u l a r l y  t h e  case  when eco log i ca l l y  
s e n s i t i v e  s i t e s  a r e  involved.  We encoun- 
t e r ed  one such problem whi le  a t tempt ing  t o  
r egene ra t e  p ine s  on droughty s o i l s  
(=Tonkawa S e r i e s )  near  Nacogdoches, TX. 
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Tonkawa s o i l s  a r e  Typic 
Quartzipsamments, cha r ac t e r i z ed  by low 
f e r t i l i t y  and h igh  permeabi l i ty ,  e spec i a l l y  
i n  uplands,  These s o i l s  make up approxi- 
mately 23,000 a c r e s  i n  Nacogdoches, Panola, 
Rusk and San Augustine count ies .  Tonkawa 
s o i l s  a r e  formed i n  sandy depos i t s ,  wi th  
s l opes  ranging from 0-20 percent .  Typical  
s i t e  index is  55 (base 50 yea r s ) .  The 
o r i g i n a l  f o r e s t  cover type was probably 
dominated by s h o r t l e a f  p ine  (Pinus ech ina t a  
Mi l l . )  wi th  some longleaf  p ine  (P. p a l u s t r i s  
Mi l l . )  intermixed.  Dominant hardwood 
s p e c i e s  were sandjack (b lue jack)  oak 
(Quercus incana Bar t . ) .  

From 1973 t o  1975, approximately 5,200 
a c r e s  were c l e a r c u t ,  followed by e i t h e r  
chopping, burning andfor  shear ing  and wind- 
rowing wi th  V-blades. I n  some a r e a s  a  
whole-tree ch ipper  was used f o r  hardwood 
removal. E s s e n t i a l l y ,  t h i s  was removing 
organic  ma t t e r  from t h e  su r f ace  and exposing b a r e  
mineral  s o i l  t o  t h e  sun and wind, g r e a t l y  
decreas ing  t he  moisture holding capac i t y  of t h e  
s o i l ,  a s  w e l l  a s ,  i nc r ea s ing  su r f ace  temperature.  
Subsequently, s e v e r a l  attempts were made t o  re -  
f o r e s t  t h e  a r e a  (1974-1?81), us ing  both  machine 
p l an t i ng  and hand p l an t i ng  methods. P l an t i ng  
s t ock  was gene ra l l y  s l a s h  1-0 s eed l i ngs ,  w i th  
some drought hardy l o b l o l l y  a l s o  being p lan ted .  
Sources of s eed l i ngs  included Texas Superior  
s eed l i ngs  from t h e  Texas Fores t  Serv ice  and 
s eed l i ngs  from F lo r i da  and Oklahoma. A l l  of  



t h e se  p l a n t i n g s  were f a i l u r e s  ( i . e . ,  l e s s  than 10 
percent su rv iva l )  due p r ima r i l y  t o  droughty 
conditl-ons. Other f a c t o r s  included r a b b i t  and 
town an-t damage. Town an t  p reda t ion  i s  comon 
on s u c b  s i t e s  (Moser 1984). 

T h i s  s tudy  was i n i t i a t e d  i n  1983 i n  order  t o  
a s c e r t a i n  t h e  f a t e  of p ine  s eed l i ngs  given 
v a r i o u s  roo t  t rea tments ,  p lan ted  on Tonkawa s o i l s .  
Resul ts ;  repor ted  h e r e i n  r ep r e sen t  two years  of 
s u r v i v a l  da t a .  

METtiODS AND MTERIALS 

S t u d y  p l o t s  were e s t ab l i shed  on Tonkawa 
(Typic quartzipsamments) s o i l s  (Dolezel 1980) 6 
mi les  w e s t  of Garr ison,  Nacogdoches Co., TX. 
Seven t r e a t m e n t s  wi th  e i g h t  r e p l i c a t i o n s  (Fig.  1 )  
each w e r e  e s t ab l i shed .  Within each r e p l i c a t e ,  48 
s e e d l i n g s  were p lan ted  on an 8 x 8 f oo t  spacing 
i n  f o u r  rows of 12 s eed l i ngs  each. A bu f f e r  
zone, e q u a l  i n  s i z e  t o  t h e  r e p l i c a t e s  was p lan ted  
with b a r e  rooted l o b l o l l y  p ine  s eed l i ngs  between 
r e p l i c a t e s .  Rep l i c a t e s  were 208 by 104 f t . ,  each 
c o n t a i n i n g  t he  same seven t rea tments  randomly 
a r r a n g e d  (e.g.,  Repl ica te  5,  Fig. 1 ) .  

T h e  seven t rea tments  were: 
1. ba r e  roo l o b l o l l y  p ine ,  
2. T e r r a s o r p t r e a t e d  l o b l o l l y  p ine ,  
3. c lay-s lur ry  t r e a t e d  l o b l o l l y  p ine ,  
4 ,  ba r e  r oo t  d s l a s h  p ine ,  
5 .  Terrasorb' t r e a t e d  s l a s h ,  and 
6. %ntainerized longleaf  p ine .  

T e r r a s o r b  is  an organic  compound which, 
when mixed wi th  water ,  forms a hydroscopic sub- 
s t a nce  used a s  a  r oo t  d i p  t o  i nc r ea se  moisture 
ho ld ing  capac i ty .  Clay-slurry i s  a s i m i l a r  bu t  
i n o r g a n i c  compound t h a t  a l s o  forms a hydroscopic 
s u b s t a n c e  when mixed w i th  water .  P l an t i ng  s t ock  
was 1-0 seed l ings .  Rep l i c a t e s  were hand-planted 
us ing  s t a n d a r d  methods i n  January 1983. 
The s t u d y  was r e p l i c a t e d  i n  January 1984, 
bu t  f a i l e d  due t o  exce s s ive ly  low win te r  
t e mpe ra tu r e s ,  followed by high r a b b i t  
p r e d a t i o n .  

S u r v i v a l  counts  were taken a t  approxi- 
mately t h r ee  month i n t e r v a l s  throughout 
t h e  y e a r .  A t  each count ,  su rv iv ing  
s e e d l i n g s  were f lagged f o r  e a se  of 
r e l o c a t i o n .  Data f o r  a l l  r e p l i c a t e s  were 
grouped  by t rea tment  t o  compare t he  e f f e c t s  
of e a c h  t rea tment  on s u r v i v a l  and growth. 
We a r e  i n  t he  process  of t ak ing  he ight  and 
d i a m e t e r  measurements on su rv iv ing  
s e e d l i n g s  f o r  comparison of growth r a t e s  
f o r  e a c h  t rea tment .  

F i r s t  Year Survival . --Firs t  year  d a t a  -- 
(Fig.  2) ind i ca t ed  a  d r a s t i c  decrease  i n  
s u r v i v a l  between t h e  per iod  June-October, 
r e f l e c r i n g  t h e  below normal r a i n f a l l  
dur ing  t h a t  per iod  (H. Reeves, pers .  

F igure  I. Experimental des ign  f o r  t h e  
Tonkawa p ine  s eed l i ng  s u r v i v a l  
s tudy .  Each of t h e  8 r e p l i c a t e  
p l o t s  were randomly ass igned  7 
t rea tments .  Abbreviat ions f o r  
t rea tments  a r e  those  given i n  
Fig.  2.  



co rn , ) .  For the  remainder of t h e  year ,  @ both t h e  longleaf  and l o b l o l l y  Ter rasorb  
t rea tments  showed much h ighe r  s u r v i v a l  
r a t e s  ( g r ea t e r  than 80Z) than  t h e  o t h e r  
f i v e  t rea tments  (50% o r  l e s s ) .  The e n t i r e  
s tudy  was repea ted  i n  December 1983, bu t  
due t o  extremely low temperatures (8'F.) 
f o r  an extended per iod  of t ime,  t h a t  
p l a n t i ng  was a  t o t a l  l o s s .  

Second Year Survival.--Second year  -- 
d a t a  (Fig.  2)  i nd i ca t ed  another  d r a s t i c  
decrease  i n  s u r v i v a l  between August and 
October, r e f l e c t i n g  another  severe  
drought. A t  l a s t  count (October, @ 4 ) ,  
t h e  longleaf  and l o b l o l l y  Ter rasorb  
t rea tments  s t i l l  showed s i g n i f i c a n t l y  
h igher  s u r v i v a l  r a t e s  (56.6 and 50.8%, 

r e spec t i ve ly ) ,  whi le  the  o the r  f i v e  t r e a t -  
ments showed unacceptable l e v e l s  of 
s u r v i v a l  (32X o r  l e s s ) .  The s l a s h  t r e a t -  
ments a l l  had very  low s u r v i v a l ,  which 
i n d i c a t e s  t h a t  t h i s  spec i e s  is  unsu i t ab l e  
f o r  growing on droughty s i t e s .  Within 
some r e p l i c a t e s ,  t h e r e  was o f t e n  l e s s  than 
10Z s u r v i v a l  of t h e  s l a s h  t rea tments ,  

@ Containerized longleaf  and Terrasorb 
t r e a t e d  l o b l o l l y  p ine s  had b e t t e r  s u r v i v a l  than  
t he  o the r  t rea tments .  Management cons ide r a t i ons  
f o r  t he se  deep sandy s o i l s  include:  

1) minimizing c l e a r c u t t i n g  (followed by 
i n t ens ive  s i t e  p r epa ra t i on  a s  t he se  methods 
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Figure  2. Survivorship curves  f o r  t h e  7 s eed l i ng  t rea tment  types  dur ing  
t he  period Apr i l ,  1983 t o  October 1984. P lo t t ed  va lue s  
represen t  means of 8 r e p l i c a t e s .  



cannot b e  economically j u s t i f i e d  due t o  t he  low 
productivity of t he  s i t e ;  

2) cons ider ing  underp lan t ing  wi th  delayed 
hardwood removal, a s  t h i s  method l e aves  cover and 
shade f o r  t he  seed l ings .  The key i dea  i s  t o  
leave  some cover and organic  ma t t e r  on t he  s i t e  
t o  p r e v e n t  exposure t o  t he  sun and wind. 

T h e  USDA S o i l  Conservat ion Serv ice  
(Nacogdoches, TX) r e p o r t s  e x c e l l e n t  success  i n  
r e g e n e r a t i n g  s i t e s  on droughty s o i l s  by under- 
p l a n t i n g  followed by i n j e c t i o n .  The problem of 
r e g e n e r a t i o n  on deep sandy s o i l s  emphasizes t h e  
impor tance  of r oo t  t rea tments  f o r  l o b l o l l y  p ine  
and t h e  cons idera t ion  of longleaf  p ine  f o r  
p l a n t  i n g  . 

F u t u r e  p r o j e c t  p l ans  inc lude :  
I) continued monitoring of t he  

e x i s t i n g  r e p l i c a t e s ;  
2 )  f i e l d  ope ra t i on  t e s t s  of 

conta iner ized  l ong l ea f ,  barerooted 
l o b l o l l y  and s h o r t l e a  p ine  wi th  R 
and without  Ter rasorb  ; 

3 )  s o i l  t e s t s  f o r  mois ture  holding 
capac i ty  and temperature combined 
wi th  monitoring of wind speed; 

4) monitoring of p r e c i p i t a t i o n  
inc luding  amount and p e r i o d i c i t y ;  

5) examination of s u r v i v a l  i n  r e l a t i o n  
t o  topographic p o s i t i o n ,  s lope  and 
a spec t ;  and 

6) s tudy  of m o r t a l i t y  through time t o  
a s c e r t a i n  cause and degree of each 
m o r t a l i t y  f a c t o r  ( i . e . ,  summer 
drought, w in t e r  low temperatures,  
p e s t s ,  inc lud ing  town a n t s  and 
r a b b i t s ) .  

In conclusion,  we f e e l  t h a t  T e r r a s o r p  
t r e a t m e n t s  and longleaf  p ine  should be 
cons ide r ed  when p l an t i ng  s eed l i ngs  on exposed 
d rough ty  s o i l s .  
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COPPICE PRODUCT TON FOLLOWING THE HARVEST OF A 

POLE-SIZE SYCAMORE PLANTATIRN~ 

E. J ,  Schmeckpeper and R. P. ~ e l a n ~ e r ~  

Abs t rac t .  --A h igh  percentage o f  stumps sprouted d u r i n g  t h e  fi r s t  
growing season f o l l o w i n g  harves t  of an 11-year o l d  sycamore p l a n t a -  
t i o n .  Subsequent m o r t a l i t y  and t o t a l  y i e l d s  were s i g n i  f i c a n t l y  
i n f l u e n c e d  by t h e  l e n g t h  o f  coppice r o t a t i o n s ,  The h ighes t  y i e l d i n g  
s p r o u t  clumps r e s u l t e d  from long  coppice r o t a t i o n s .  A 3  -+ 3-year 
c u t t i n g  c y c l e  produced 41.38 tons per acre of green weight m a t e r i a l  
compared w i t h  17.43 tons per acre f o r  a  1 + 1 c 1 t 3-year r o t a t i o n .  
There was a d i r e c t  r e l a t i o n s h i p  between t h e  stump d iameter  o f  the  
paren t  t r e e  and t h e  p roduc t ion  o f  coppice growth. More m o r t a l i t y  
r e s u l t e d  from f requent  c u t t i n g s  than from longer  r o t a t i o n s .  There 
was no evidence o f  r o o t  o r  stem disease i n  the  sp rou t  regrowth, 

The pr imary o b j e c t i v e  o f  s h o r t - r o t a t i  on 
hardwood management i s  h i g h  y i e l d s  o f  wood f i b e r  
from harves ts  o f  t h e  parent  stand and subsequent 
coppice regrowth. Two methods of producing 
maximum hardwood P i  ber  y i e l d s  have been t e s t e d :  
( 1 )  r o t a t i o n s  o f  1 t o  6 years  t o  produce whole- 
t r e e  c h i p  mate r i  a1 , and (2 )  r o t a t i o n s  o f  10 t o  
15 years  t o  produce conven t iona l  stemwood 
(Sauc ie r  e t  al, 1972, Steinbeck e t  aZ. 1972, 
Zobel and K e l l  i s o n  1972, Belanger and Saucier 
1975). On good s i t e s ,  American sycamore 
( p l a t a n u s  o c c i d e n t a l  i s  L.) appears we1 1 s u i t e d  
t o  bo th  systems of management. 

The purpose o f  managing s h o r t - r o t a t i o n  syca- 
more i s  t o  ensure h i g h  y i e l d s  o f  coppice growth 
over  repeated harvests .  Guide1 i nes have been 
developed t o  assure a h i g h  degree o f  sp rou t ing ,  
i n c r e a s e  coppice y i e l d s ,  and m a i n t a i n  stump 
v i g o r  f o r  4- t o  6-year-o ld  p l a n t a t i o n s  (Belanger 
1979). There i s  no i n f o r m a t i o n  r e l a t e d  t o  t h e  
sp rou t  i ng response o f  01 d e r  sycamore stands. 
The harves t  o f  an 11-year-o ld  p o l e - s i  ze sycamore 
p l a n t a t i o n  i n  t h e  Georgia piedmont p rov ided  the  
o p p o r t u n i t y  t o  s tudy t h e  s p r o u t i n g  c h a r a c t e r i s t i c s  
of  l a r g e r  and o l d e r  stumps, 

l ~ a p e r  presented a t  t h e  T h i r d  B i e n n i a l  
S i  1  v i c u l  t u r a l  Research Conference, At1 anta, 
Georgia, November 7-8, 1984, Paper No, 9698 of 
t h e  Journal  Ser ies o f  t h e  Nor th Caro l ina  Agr i c  
Res, Serv., Raleigh, Nor th Carol i na 27650, 

2 ~ e s e a r c h  Ass is tan t ,  Nor th Carol i na S ta te  
U n i v e r s i t y ,  Raleigh, Nor th Caro l ina  27650, and 
P r i n c i p a l  S i l  v i c u l  t u r i  s t ,  Southeastern Fores t  
Experiment S ta t ion ,  Athens, Georgia 30502. 

MATERIALS AND METHODS 

Study Area 

The sycamore s tudy p l a n t a t i o n  was l o c a t e d  on 
a we1 1 -d ra ined  piedmont f l o o d  p l a i n  i n  Greene 
County, Georgia. The 4-acre p l a n t i n g  s i t e  was 
d i s k  plowed and then hand-planted w i t h  1-0 
seed1 i ngs d u r i  ng t h e  w i n t e r  o f  1960-1961, 
Seed1 i n g s  were p l a n t e d  a t  an 8- x  8 - f o o t  spacing, 
t h e  p l a n t a t i o n  t h i n n e d  t o  reduce compet i t i on  
a t  age 7, and harvested a f t e r  l e a f  f a l l  a t  
age 11. 

The parent  s tand conta ined an average o f  472 
stems per acre a t  t h e  t ime of harvest.  Average 
d,b.h, i n  t h e  p l a n t a t i o n  was 5.8 inches; average 
t r e e  h e i g h t  was 63 fee t .  Trees were c u t  a t  
ground l e v e l  w i t h  a cha in  saw. Average stump 
d iameter  o f  t h e  f e l l e d  t r e e s  was 7.8 inches and 
ranged from 3.3 t o  13.0 inches. T o t a l  t r e e  
y i e l d  (green weight--stem and branchwood) 
averaged 92.6 tons per acre, 

Mean annual increment had no t  cu lminated i n  
t h e  s tand a t  age 11. However, power-dam 
c o n s t r u c t i s n  had begun t o  impound t h e  r i v e r  
ad jacen t  t o  t h e  p l a n t a t i o n ,  The parent  s tand 
was harvested and s h o r t  coppice r o t a t i o n s  
scheduled t o  determine t h e  s p r o u t i n g  response 
of o l d e r  stumps b e f o r e  t h e  s i t e  was inundated, 
The study area was f looded  by Lake Oconee a f t e r  
6  years o f  coppice growth--17 years from 
p l a n t i n g ,  



Study Design and f/leasurements RESULTS 

T h r e e  coppice r o t a t i o n s  were randomly 
a s s i g n e d  t o  54 study p l o t s .  C u t t i n g  schedules 
were 1 a- 1 + 1 + 3 years  (T rea taen t  I ) ,  2 + 4 
y e a r s  (T rea tment  2), and 3 + 3  years (Treatment 
The sequence i n d i c a t e s  age o f  the  sp rou ts  when 
h a r v e s t e d .  All c u t t i n g  was done d u r i n g  t h e  dor -  
mant season. Study p l o t s  were square and con- 
s i s t e d  of 16 p l a n t i n g  spaces p l u s  an +ou te r  rag 
o f  b o r d e r  t rees.  Average number o f  s tudy t r e e s  
p e r  p l o t  was 3.1 and ranged from 8 t o  16 
depend ing  on s u r v i v a l  and degree o f  t h i n n i n g .  
Stand a n d  i n d i v i d u a l  t r e e  c h a r a c t e r i s t i c s  o f  
t h e  I l - y e a r - o l d  p l a n t a t i o n  were not  s t a t i s t i  - 
c a l l y  d i f f e r e n t  among t h e  assigned t reatments.  

I n d i  v i d u a l  sprout  clumps were weighed i n  the  
f i e l d  a t  each harves t  t o  determine green weight  
p r o d u c t i o n .  A d d i t i o n a l  ineasurernents were made 
a f t e r  t h e  f i n a l  ( 6 t h  y e a r )  coppice c u t  t o  d e t e r -  
mine t h e  basal d iameter  o f  i n d i v i d u a l  sprouts ,  
t o t a l  h e i g h t ,  and number o f  l i v e  sprouts  per 
stump. Analys is  of va r iance  was used t o  d e t e r -  
mine i f  sprou t ing  c h a r a c t e r i  s t  i cs and t o t a l  green 
we igh t  p r o d u c t i o n  were s i g n i  f i c a n t l y  d l  f f e r e n t  
among t r e a t m e n t s .  Duncan ' s  new mu1 t i  p l  e  range 
t e s t  w i t h  t h e  S t a t i s t i c a l  Ana lys is  System (Ray 
1982) was used t o  separate t reatment  means. 

Stump Surv i  va?  

A h igh percentage o f  the fi r s t - g e n e r a t i o n  
stumps sprouted, Only 4 of the  596 s e l e c t e d  
s tudy stumps d i d  not  produce measurable copp ice  
growth. A t o t a l  o f  53 stuqps d ied  d u r i n g  t h e  
study. Stump m o r t a l i t y  was s i g n i f i c a n t l y  
i n f l u e n c e d  by c u t t i n g  t reatments (Table 1). 
More m o r t a l i t y  r e s u l t e d  from f requen t  c u t t i n g s  
(Treatment 1) than from longer  r o t a t i o n s  
(Treat inents 2 and 3). Average diameter o f  t h e  
dead stumps was 7.2 inches and ranged froin 3.5 
t o  10.0 inches, There was no s i g n i f i c a n t  d i f -  
fe rence  between t h e  average s i z e  of the  dead 
stumps and t h e  mean o f  a1 1 stumps. 

Sprou t ing  C h a r a c t e r i s t i c s  

The importance o f  coppice r o t a t i o n s  was 
s i g n i f i c a n t l y  r e f l e c t e d  i n  the  sp rou t ing  
c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  stumps a t  f i n a l  
ha rves t  (Tab1 e  2). Frequent c u t t i n g s  
(Treatment I )  adverse ly  a f f e c t e d  t h e  number o f  
sprouts ,  basal diameter,  t o t a l  he igh t ,  and green- 
weight  y i e l d s  o f  coppice growth. Larger  and 
h e a v i e r  sprout  c l  umps r e s u l t e d  from l o n g e r  coppice 
r o t a t i o n s .  

Table 1.--Stump s u r v i v a l  and mor td l  i t y  f o l l o w i n g  d i f f e r e n t  coppice r o t a t i o n s  of 

American sycamore. The parent  stand was an 11-year-o ld  p o l e - s i z e  p l a n t a t i o n  

L i v e  stumps 

Coppice I n i t i a l  I s  t 26 3d 6 t  h  

r o t a t i o n s  t sample year  year  year  year  M o r t a l i t y  

............... Number per acre...,.,.....,., , .Percent,, 

t Sequence i n d i c a t e s  age o f  sp rou ts  when harvested. 

tt Within-column means not  f o l l o w e d  by the  same l e t t e r  a re  s i g n i f i c a n t l y  

d i  f f e r e n t  ( P  = > 0,051, 



Tab1 e 2--Sprout i  ng c h a r a c t e r i s t i c s  a t  f i n a l  ha rves t  ( 6 t h  y e a r )  r e s u l t i n g  from d i  f f e r e n t  coppice 

r o t a t i o n s  o f  American sycarnore. The parent  stand was an 11-year-o ld  pol  e - s i z e  p l a n t a t i o n  

-- -- 

Average per stump 

L i v e  sp rou ts  Diameter He igh t  Green wei gh t  
Coppice 

r o t a t i o n s  t Tot a1 90m. & Codom. A1 l Dom . A1 1 Dom . A1 1 Dom . 
. . . . . . . .Qumber.. . . . .., , . . . Inches.. . . ......F eet.... ....P ounds..... - 

1 + 1 + 1 + 3  4.4 a tt 3.1 a 2 . 0 a  2 . 4 a  23 .7a  26.1a 54.3a 2 2 . 4 a  

2 + 4  5.2 a 4.2 b 2.6 b 3.4 b 28.9 b 33.3 b 121.6 b 46.3 b 

3 + 3  7.5 b 5.1 c  2 . 4 b  3 , f h  26.6 c 30,6 c 107,3 b 36.1 c  

t Sequence i n d i c a t e s  age o f  sp rou ts  when harvested, 

tt Within-column means not  f o l l o w e d  by t h e  same l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  (P = > 0.05). 

Diameter o f  the  stump a l s o  i n f l u e n c e d  the  
amount o f  coppice product ion.  Regression analy-  
s i s  i n d i c a t e d  a d i r e c t  1  i n e a r  r e l a t i o n s h i p  
between i n i t i a l  stump s i z e  and t o t a l  y i e l d  over 
t h e  r o t a t i o n  (Fig. 1). Belanger (1979) repor ted  
s i m i l a r  growth responses a f t e r  h a r v e s t i n g  a 
5-year-o ld  sycamore p l a n t a t i o n .  Resu l t s  may be 
r e l a t e d  t o  more carbohydrate reserves and t h e  
g r e a t e r  n u t r i e n t - w a t e r  f o r a g i n g  c a p a c i t y  o f  
l a r g e  r o o t  systems over small  ones. 

Coppice Produc t ion  

Stump mor ta l  i t y  and s p r o u t i n g  charac- 
t e r i s t i c s  o f  i n d i v i d u a l  stumps combined t o  
i n f 1  uence t o t a l  coppice y i e l d s  (Tab1 e 3). 
Longer r o t a t i o n s  produced more aboveground 
biomass than s h o r t e r  r o t a t i o n s .  The baf anced 3 
+ 3-year c u t t i n g  c y c l e  produced 41.38 tons per 
ac re  of green weight  m a t e r i a l  compared w i t h  
17.43 tons  per acre f o r  t h e  1 + 1 + 1 + 3-year 
c u t t i n g  cyc le.  Trends a re  c o n s i s t e n t  w i t h  
s t u d i e s  on repeated copp ic ing  i n  younger 
sycamore p l a n t a t i o n s  (Kormani k e t  al, 1973). 

Total Coppice Yleld 

Per Stump = 40.248X -131.807 / 
/ 

W h e r e  X =: Stumo Dlamater  / 
1 
i 

R' =0.838 

95% Conf ldenee L Imlta  

i 
I 

# 
t o o  

STUMP DIAMETER 

( I n c h e s )  

Fig. 1.--Total coppice y i e l d  of sycamore r e l a t e d  
t o  stump d iameter  o f  the  parent  t ree.  



Table 3.--Green-weight y i e l d s  from di f f e r e n t  coppice r o t a t i o n s  o f  Anerican 

sycamore. The paren t  s tand was an I f - y e a r - o l d  p o l e - s i z e  p l a n t a t i o n  

Copp i ce 1 s t  2nd 3 rd  6 t h  

r o t a t i o n s t  year  year  year  year  T o t a l  4nnual 

........D..l..........Ton~ per acre.......,............. 

t Sequence i n d i c a t e s  age of sp rou ts  when harvested. 

tt Mi th in-co lumn means no t  fof lowed by t h e  same l e t t e r  are s i g n i f i c a n t l y  

d i f f e r e n t  ( P  = > 0.05)- 

F r e q u e n t  ha rves t  i n h i  b i t s  t h e  maximum 
growth and development of stump sprouts. Study 
p l o t s  h a r v e s t e d  each o f  t h e  f i r s t  2  years a f t e r  
c u t t i n g  the  parent  s tand ( 1  + 1) produced 4.14 
t o n s  p e r  acre o f  green-weight m a t e r i a l  compared 
w i t h  7.96 tons  per ac re  f o r  p l o t s  harvested 
a f t e r  2 years. Three success ive years  o f  
c u t t i n g  ( 1  + 1 + 1 )  produced 6.25 tons  per acre 
compared w i t h  17.89 t o n s  per  acre f o r  p l o t s  har-  
ves ted  a f t e r  a  3-year i n t e r v a l .  

Stumps harvested a n n u a l l y  d i d  no t  recover  as 
w e l l  as stumps harvested over  l onger  r o t a t i o n s .  
T o t a l  g r e e n  weight  y i e l d  i n  t h e  3-year p e r i o d  
f o l l  o w i n g  annual c u t t i n g s  (Treatment 1 )  was 
11.18 t o n s  per  acre compared w i t h  23.49 tons  
p e r  a c r e  f o r  t h e  f i n a l  3-year p e r i o d  i n  
T r e a t m e n t  3. Frequent c u t t i n g  may p a r t i a l l y  
d e p l e t e  the  amount of ca rbohydra te  reserves i n  
t h e  r o o t  systems. 

DISCUSSION 

T h e r e  were no s e r i o u s  problems assoc ia ted  w i t h  
t h e  i n i t i a t i o n ,  growth, and development of stump 
s p r o u t s  f o l l o w i n g  t h e  harves t  o f  an 11-year-o ld  
p o l  e - s i  r e  sycamore p1 a n t a t  ion. Sprou t ing  d i d  no t  
appear t o  be h indered by t h e  annual f l o o d i n g  o f  
t h e  r i v e r  ad jacent  t o  t h e  p l a n t a t i o n ,  o r  t h e  
a c c u m u l a t i o n  o f  leaves and o t h e r  d e b r i s  on t h e  c u t  
su r face  o f  t h e  stumps. A1 though t h e  above-ground 
p o r t i o n  o f  t h e  parent  stumps had decayed by t h e  
f i n a l  h a r v e s t ,  t h e r e  was no evidence of r o o t  o r  
stem d i s e a s e  i n  t h e  sprouts .  

Longer coppice r o t a t i o n s  produced l a r g e r  
dominant and codorninant stems than s h o r t  r o t a -  
t i o n s .  Tree s i z e s  a r e  r e l e v a n t  t o  the  c h o i c e  o f  
h a r v e s t i n g  equipment and qua1 i t y  o f  the  f i n a l  
product .  Most h a r v e s t i n g  equi pment requ i  r e s  a  
minirnum t r e e  s i z e  and/or volume per acre t o  
opera te  economical l y .  Larger  stems a1 so c o n t a i n  
lower  p r o p o r t i o n s  o f  bark  and i m p u r i t i e s  i n  t h e  
c h i p  mix than sma l le r  stems (Saucier  e t  aZ. 
1972). 

Several sp rou t  clumps were not  c u t  d u r i n g  t h e  
study. These stumps were l o c a t e d  i n  bo rder  rows 
a t  t h e  edge o f  t h e  p l a n t a t i o n  and u s u a l l y  c o n t a i n e d  
two, th ree ,  o r  f o u r  dominant and condominant stems. 
Most o f  the  i n t e r m e d i a t e  and suppressed s p r o u t s  had 
d i e d  due t o  n a t u r a l  compet i t i on .  Growth and v i g o r  
o f  t h e  dominant sp rou ts  were excel 1 e n t  , i n d i c a t i n g  
t h a t  r o t a t i o n s  g r e a t e r  than 6 years are c e r t a i n l y  
p o s s i b l e  f o r  t h e  coppice management o f  sycamore 
p l a n t a t i o n s ,  

Maximum green weight  p roduc t ion  o f  copp ice  
m a t e r i a l  was s i m i l a r  t o  growth o f  the  o r i g i n a l  
p l a n t a t i o n .  The paren t  stand had produced 40,7 
tons  per acre o f  stem and branchwood th rough  age 
5 compared w i t h  41.4 tons  per acre o f  coppice 
growth from t h e  3 c 3-year r o t a t i o n .  T h i s  i s  
excel  1 e n t  growth and e q u i v a l e n t  t o  approx imate ly  
3 cords per acre per  year.  However, t h i s  was an 
ex t reme ly  f e r t i  l e  bottom1 and s i  t e e  Growth and 
y i e l d  would be l e s s  f o r  most p lan t ings .  



CONCLUSIONS 

Sycarnore p l a n t a t i o n s  can be managed on r o t a -  
t i o n s  o f  10 through 15 years f o r  f i b e r  o r  f u e l  
p roduc t  ion, Care fu l  cho ice  o f  gl a n t i  ng areas, 
thorough s i t e  p repara t  i 00, graded p l a n t i n g  s tsck,  
and i n t e n s i v e  c u l t u r a l  t rea tments  a re  e s s e n t i a l  
f o r  t h e  successfu l  estab? i shment and e a r l y  growth 
o f  the p l a n t e d  stand (Beianger and Saucier 1975). 
Resu l t s  frorn t h i  s  s tudy showed proper  ~nanagement 
p r a c t i c e s  can produce acceptable y i e l d s  of cop- 
p i c e  m a t e r i a l  w i thou t  losses  froin i n s e c t s  o r  
d iseases f o l  1 owing t h e  harves t  o f  po fe -s ize  
t rees .  Balanced r o t a t i o n s  o f  5 years o r  longer  
a r e  recommended t o  reduce stump mor ta l  i t y  , 
s u s t a i  n stump v i  gor , and maximi ze t h e  p roduc t ion  
o f  wood f i b e r  over repeated harvests .  
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SBLSON OF it4F;iiEST AX3 S I T E  QUALTT?I EFFECTS OK MmW00D 
REGEYERATTON IN THE VIRGINIA PIEDMONTA/ 

2 1 
J. S .  Kays, D. W. Smith, and S .  M. Zedaker- 

Abstract.--The e f f e c t s  of season  of h a r v e s t  and s i t e  
q u a l i t y  a f t e r  two growing seasons  on s p r o u t  p roduc t ion  of 
oaks ,  yel low-poplar ,  r e d  maple, sourwood, and o t h e r  s p e c i e s  
a r e  eva lua ted .  C l e a r c u t t i n g  u t i l i z i n g  whole- t ree  h a r v e s t i n g  
was performed on s i x  s i m i l a r  p a i r s  of  p l o t s  rang ing  from s i t e  
index  48 t o  75 (base  age 50) f o r  w h i t e  oak. P a i r s  of  p l o t s  
r e c e i v e d  dormant season  h a r v e s t ,  o r  growing season  h a r v e s t .  
Stands s e l e c t e d  spanned a  t y p i c a l  r ange  of upland hardwood 
Piedmont s i t e  c o n d i t i o n s ;  c h a r a c t e r i z e d  by low q u a l i t y  stems 
and poor s p e c i e s  composi t ion.  Pre-harvest  f requency ,  den- 
s i t y ,  and s p e c i e s  composi t ion were measured i n  t r e e ,  sh rub ,  
and herb  s t r a t a ,  Changes i n  f requency,  d e n s i t y ,  and s p e c i e s  
composi t ion from pre -harves t  l e v e l s  a r e  r e p o r t e d .  S i l v i -  
c u l t u r a l  s t r a t e g i e s  f o r  i n c r e a s i n g  oak composi t ion a r e  d i s -  
cussed.  

INTRODUCTION 

I n  t h e  V i r g i n i a  and North Caro l ina  Piedmont, 
p a s t  a b u s i v e  a g r i c u l t u r e  p r a c t i c e s  fol lowed by 
unmanaged r e v e r s i o n  t o  f o r e s t  cover ,  high-grading,  
and w i l d f i r e  have propagated s t a n d s  c h a r a c t e r i z e d  
by low q u a l i t y  stems and poor s p e c i e s  composi t ion.  
Many o f  t h e s e  poor and medium q u a l i t y  Piedmont 
s i t e s  s u p p o r t  oak p o p u l a t i o n s  composed p r i m a r i l y  
of c h e s t n u t  oak (Quercus p r i n u s  L . ) ,  s c a r l e t  oak 
(Quercus cocc inea  Muenchh.), and w h i t e  oak 
(Quercus a l b a  L.) .  Higher q u a l i t y  s i t e s  found on 
s t e e p e r  hillsides of f a v o r a b l e  a s p e c t s  c o n t a i n  
p r i m a r i l y  whi te  oak, n o r t h e r n  r e d  oak (Quercus 
r u b r a  L . ) ,  and yellow-poplar (Lir iodendron t u l i p -  
i f e r a  L . ) .  A s i g n i f i c a n t  amount of u n d e s i r a b l e  
s p e c i e s  such a s ;  r e d  maple (Acer rubrum L . ) ,  
sourwood (Oxydendron arboreum L. D. C . ) , and 
blackgum (Nyssa s y l v a t i c a  Marsh.),  compete 
d i r e c t l y  f o r  s i t e  r e s o u r c e s  w i t h  d e s i r a b l e  oaks 
and r e d u c e s  t h e  p r o b a b i l i t y  of s u c c e s s f u l  oak 
r e g e n e r a t i o n  a f t e r  h a r v e s t .  Many oak s p e c i e s  
s p r o u t  more f r e q u e n t l y  and p r o d u c t i v e l y  d u r i n g  
a  dormant  season h a r v e s t  (Roth 6 Hepting 1943, 

1/ P a p e r  p r e s e n t e d  a t  Southern S i l v i c u l t u r a l  
Resezrch Conference, A t l a n t a ,  Georgia ,  November 
7-8, 1 9 8 4 .  F i n a n c i a l  suppor t  provided by t h e  
Management of  Piedmont Hardwoods Research Work 
Uni t ,  USDA F o r e s t  S e r v i c e ,  Sou theas te rn  F o r e s t  
Experiment  S t a t i o n ,  A s h e v i l l e ,  N.C. and t h e  
Reynolds Homestead Research Center  C r i t z ,  Va. 

2/ Research  A s s i s t a n t ,  A s s o c i a t e  P r o f e s s o r  of 
~ i l v T c u l  t u r e  and F o r e s t  S o i l s ,  and A s s i s t a n t  
P r o f e s s o r  of F o r e s t  Ecology, V i r g i n i a  P o l y t e c h n i c  
I n s t i t u t e  and S t a t e  U n i v e r s i t y ,  Blacksburg,Va.24061. 

Johnson 1977) ,  however, t h e  r e l a t i v e  r e s p o n s e  of  
o t h e r  s p e c i e s  over  a  range of  s i t e  q u a l i t i e s  h a s  
n o t  been r e p o r t e d  f o r  Piedmont s i t e s .  Using whole- 
t r e e  h a r v e s t i n g  t h e  e f f e c t  of d i f f e r e n t  s e a s o n s  of 
h a r v e s t  on t h e  growth p o t e n t i a l  and s p e c i e s  com- 
p o s i t i o n  should be  mani fes ted  dur ing  t h e  e a r l y  
s t a g e s  of s t a n d  r e g e n e r a t i o n .  Because o f  t h e  
p o t e n t i a l  problems of  n o t  o b t a i n i n g  adequa te  oak 
r e g e n e r a t i o n  (Holt and F i s h e r ,  eds .  1979) and 
t h e  p o s s i b i l i t y  of f a v o r i n g  oak composi t ion u s i n g  
a  dormant season  h a r v e s t ,  t h e  response of  d i f f e r e n t  
o r i g i n s  of d e s i r a b l e  and u n d e s i r a b l e  r e g e n e r a t i o n  
t o  whole- t ree  h a r v e s t i n g  was i n v e s t i g a t e d ,  Number 
of s tems,  f requency,  and mean h e i g h t  of d i f f e r e n t  
o r i g i n s  of r e g e n e r a t i o n  was used t o  a s s e s s  t h e  
d e n s i t y ,  d i s t r i b u t i o n  and dominance of oak  
s p e c i e s  i n  t h e  con tex t  of s t a n d  development on 
d i f f e r e n t  s i t e  q u a l i t i e s .  

STUDY AREA 

The s t u d y  a r e a  i s  l o c a t e d  a t  t h e  V i r g i n i a  
P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y ' s  
Reynolds Homestead Research Center  n e a r  C r i t z ,  
V i r g i n i a .  S o i l s  a r e  l eached ,  eroded U l t i s o l s  
developed mainly from g r a n i t i c  and ne taworph ic  
bedrock,  Slopes range  from 2-20 percen t  w i t h  
6-8 p e r c e n t  be ing  most common. Annual p r e c i p i t a -  
t i o n  averages  125 cm. per  y e a r  and i s  wel l -  
d i s t r i b u t e d  throughout  t h e  y e a r .  The f r o s t  f r e e  
season i s  196 days.  

S i x  s i m i l a r  p a i r s  of r e g e n e r a t i o n  p l o t s  were 
l o c a t e d  a long  a  g r a d i e n t  of s i t e  p r o d u c t i v i t y  t h a t  
a l s o  d i f f e r e d  i n  terms of  v e g e t a t i o n  composi t ion.  
The p l o t s  were s i t u a t e d  i n  50- t o  80- year-old 



second growth oak-hickory f o r e s t  on s i t e  q u a l i t i e s  3.3 f t .  i n  he igh t  by s p e c i e s ,  
ranging from s i t e  index 48 t o  75 (base age 50) f o r  
w h i t e  oak, Dif fe rences  i n  v e g e t a t i o n  composition, A f t e r  two growing seasons a l l  twelve p l o t s  were 
based on t h e  presecce and absence o f  site s p e c i f i c  aga in  i n v e n t o r i e d  accord ing  t o  ~ h e  t h r e e  s t r a t a .  
species, enabled d i v i s i o n  of s t z n d s  i n t o  two ranges The o r i g i n  and h e i g h t  of each i n d i v i d u a l  based 
of s i t e  q u a l i t y ,  those  stands beiow w h i t e  oak on i t s  p o s i t i o n  o r  absence i n  the pre-harvest  
site index 65 (base age 501, a ~ d  those  above s t a n d  was recorded.  Four d i s t i n c t i v e  c l a s s e s  of 
(Table  1). Pairs of p l o t s  rece ived  dornant  and r e g e n e r a t i o n  were d e l i n e a t e d :  
growing season harvests, i'iTh~3.e-tree h a r v e s t i n g  1) scurnp s p r o u t s  - s p r o u t s  o r i g i n a t i n g  from 
was employed u i t h  zlL stems g r e a t e r  than  one- stems i n  t h e  -pre-harvest t r e e  s t r a t a  (cver 
inch DBH c u t  t o  w i t h i n  6 i n ,  of t h e  ground. The 16.4 f e e t  i n  h e i g h t ) ,  
dormant season h a r v e s t  was completed between 
February 2 1  and March 23  of 1983 and growing 
seascn  harvests between June 2 1  and J u l y  25 of 
1383, 

2 )  advance - s p r o u t s  o r i g i n a t i n g  from 
stems i n  t h e  pre-harvest  herb  and shrub s t r a t a  
(under 15.4 fee: i n  h e i g h t ) ,  
3) r o o t  s p r o u t s  - s o r o u t s  origin at in^ from t r e e  

Table I - A sumII;arv o f  pre-harvest  species, basal. are2 (BA) and s t e m s  pe r  a c r e  a t t r i b u t e s  by 
season of  harves~ and s i t e  class, C r i t z ,  Va, 

DOki41ANT SEASON MRVEST GROWING SMSON NARVEST 

SPECIES POOR SITE CLASS _31/ GOOD SITE CLASS POOR SITE CLASS GOOD SITE CLASS 
(AV. S I  = 54) (AV. SI  = 72) (LIT, S I  = 57) (AV. S I  = 68) 

OAKS 2 /  
BA/ZCT& 6 8 4 2 5 8 3 7 
S t e n s j a c r e  198 111 151 100 

RED MAPLE 
BA/acre 18 16 12 17 
Stemsjacre 102  106 9 1 130 

YELLOV-POPLAR 
EA! ac re  2 3  0 1 14 
Sterns/acre 2 3 90 1 1 4 6 

SOURWOOD 
BA/ a c r  e  l 4 11 14 16 
Stems/acre 174 9 3 207 148 

OTHER XOODY 
BA/acre L 2 2 5  1 3  2 7 
Stems/acre 109 111 48 142 

TOTAL 
BA/ acre 2.14 124 9 8 111 
Stems/acre 606 511 508 566 
Mean H t .  3/ 48  5 8 49 5 2 
Vcl /ac re  3,781 4,988 3,320 3,918 

I/ S i t e  index given i s  f o r  whi te  oak (base age 50) and is  t h e  average of t h r e e  p l o t s .  - 
2/ Bk = b a s a l  a r e a  i n  square  f t .  pe r  a c r e  - 
3! Mean h e i g h t  i n  f e e t  of dominants, codominants, and i n t e m e d i a t e s  - 

3IETHOD S r o o t s  fo l lowing  h a r v e s t ,  
4)  s e e d l i n g s  - i n d i v i d u a l s  o r i g i n a t i n g  from 

Each of t h e  twelve r e g e n e r a t i o n  p l o t s  were seed fo l lowing  t h e  h a r v e s t .  
98.4 ft. X 98.4ft .  (30m X 30m) and conta ined  This  procedure enabled a c h a r a c t e r i z a t i o n  of t h e  
t h r e e  levels of nes ted  s u b p l o t s  t o  enab le  samp- new s t a n d  by t h e  sources  of regenera t ion .  
ling of t h e  t h r e e  s t r a t a  comprising t h e  o r i g i n a l  
stand; t h e  t r e e  s t r a t a ,  shrub s t r a t a ,  he rb  The t h r e e  q u a n t i t a t i v e  measures chosen t o  
s t r a t a .  1) The t r e e  s t r a t a  con ta ined  n i n e  a s s e s s  s t a n d  c o n d i t i c n  were h e i g h t  of t h e  t a l l e s t  
32 .8f t .  X 3 2 , 8 f t ,  ( I O n i  X 10m) s u b p l o t s .  P r i o r  sprou t  as  a measure of compet i t ive  a b i l i t y  i n  t h e  
t o  h a r v e s t ,  all stems g r e a t e r  than  16.4 ft, i n  new s t a n d ,  stems p e r  a c r e  a s  a  measure of d e n s i t y  
h e i g h t  were permanently marked, i n v e n t o r i e d ,  and and u l t i m a t e l y  s tock ing ,  and frequency of occur- 
located on a coord ina te  grid, 2) The shrub rence  i n  t h e  t o t a l  number of c e l l s  sampled a s  a 
s t r a t a  w a s  measured on a  s u b s e t  of t h e  36 measure of d i s t r i b u t i o n  of stump s p r o u t s  i n  t h e  
p o s s i b l e  L6.4ft.  X L6,4ft .  f5m X 5m) s u b p l o t s .  new s tand .  S i g n i f i c a n c e  of d i f f e r e n c e s  i n  t h e  
A 25 percen t  randon sample was s e l e c t e d  from h e i g h t  of r e g e n e r a n t s  i n  t h e  same s i t e  c l a s s  of 
each 32,8 f t .  X 32.8 f t ,  subplo t  and stems d i f f e r e n t  h a r v e s t s  was determined wi th  a non- 
3.3 Et. t o  16,4 f t .  i n  h e i g h t  were inventor ied  paramet r ic  Wilcoxon Rank Sum Tes t  (alpha=.05) .  
bu t  n o t  tagged,  3) t h e  herb  s t r a t a  was measured S t a t i s t i c a l  t e s t s  f o r  d i f f e r e n c e s  i n  t h e  d e n s i t y  
on one 3.3 f t ,  X 3.3 f t ,  (Im X lm) subplo t  of s tems were p o s s i b l e ,  bu t  t h e  l a r g e  v a r i a t i o n  
w i t h i n  each 32.8 f t .  X 32.8 ft. s u b p l o t ,  This  due t o  smal l  sample s i z e  y i e l d e d  no s i g n i f i c a n t  
I percent sample i n v e n t o r i e d  a l l  sterns under e f f e c t s .  



A s s e s s i n g  changes i n  t h e  d e n s i t y  of s tems 
of d i f e e r e n t  p l o t s  is meaningful on ly  i f  t h e  
p r e - h a r v e s t  d e n s i t y  i s  considered.  To c o r r e c t  
t h e  p e s t - h a r v e s t  d e n s i t y  of stump s p r o u t s  and 
a d v a n c e  regenera t ion  f o r  t h e  pre-harvest  d e n s i t y ,  
a n a l y s i s  of covariance was employed. The main 
e f f e c t s  were season of h a r v e s t  and s p e c i e s  wi th  
p o s t - h s r v e s t  d e n s i t y  a s  t h e  dependant v a r i a b l e ,  
and p r e - h a r v e s t  d e n s i t y  t h e  c c v a r i a t e .  Unfor- 
t u n a t e l y ,  t h e  r e l a t i v e l y  l a r g e  v a r i a b i l i t y  due 
t o  t h e  clumpy stand s t r u c t u r e  r e s u l t e d  i n  many 
s p e c i e s  having h igher  post-harvest  d e n s i t i e s ,  
r a t h e r  than pre-harvest  d e n s i t i e s .  This  r e s u l t e d  
i n  n e g a t i v e  r e s i d u a l  v a l u e s  f o r  some s p e c i e s ,  
t h e r e f o r e ,  t h e  covariance a n a l y s i s  could no t  be 
m e a n i n g f u l l y  i n t e r p r e t e d ,  To g i v e  some ind ica-  
t i o n  o E  changes i n  s p e c i e s  composi t ion,  t h e  
percent: change i n  t h e  pre- and pos t -harves t  
d e n s i t F e s  of stump s p r o u t s  and advance regenera-  
t i o n  w e r e  used and presen ted  i n  Tables  9 and 10,  
respectz  i v e l y  . 

PRE-HARVEST STAND ATTRIBUTES 

T h e  pre-harvest  s t a n d  c h a r a c t e r i s t i c s  shown 
on T a b l e  1 a r e  p resen ted  f o r  t h e  f i v e  major 
s p e c i e s  groups. A l l  t h e  s t a n d s  were weli-  
s t o c k e d ,  wi th  oak s p e c i e s  comprising about  60 
p e r c e n t  of t h e  b a s a l  a r e a  on t h e  poor s i t e s  and 
40 p e r c e n t  on t h e  good s i t e s .  While b a s a l  a r e a  
of r e d  maple i s  s i m i l a r  on both s i t e  c l a s s e s ,  
yellow-poplar i s  s i g n i f i c a n t  on ly  on t h e  good 
s i t e s .  The poorer  s i t e  c l a s s e s  con ta ined  a  
canopy composition of c h e s t n u t  oak, s c a r l e t  oak, 
r e d  m a p l e ,  and sourwood a long  wi th  s c a t t e r e d  
V i r g i n i a  p ine  (Pinus v i r g i n i a n a  Mi l l . )  and White 
p i n e  ( P i n u s  s t r o b u s  Z.). Canopy composition of 
t h e  good s i t e  c l a s s e s  con ta ined  a  l a r g e  component 
of w h i t e  oak, yel low-poplar ,  r ed  maple, and 
n o r t h e r n  red  oak w i t h  vary ing  amounts of s c a r l e t  
oak a n d  American Beech (Fagus g r a n d i f o l i a  Ehrh.).  
The p o o r  s i t e  c l a s s e s  were c h a r a c t e r i z e d  by a  
r a t h e r  open canopy compared t o  t h e  good s i t e s  
r e s u l t i n g  i n  an e x t e n s i v e  ground cover  of  mountain 
l a u r e l  (Kalmia l a t i f o l i a  L.), rhododendron 
(Rhododendron maximum Z.),  and g r e e n b r i a r  
(Smilax spp.) .  Oak advance r e g e n e r a t i o n  is most ly 
s m a l l  (under  3.3 f e e t )  and i n  compet i t ion  w i t h  
sourwood, blackgum, r e d  maple and t h e  foremen- 
t i o n e d  ground cover. Overstory dominants on t h e  
good s i t e  c l a s s e s  had an  a c c e p t a b l e  s t o c k i n g  
r e s u l t i n g  i n  a  f a i r l y  c losed  canopy, Oak 
advance reproduc t ion  i s  of l a r g e r  s t a t u r e  bu t  i n  
c o m p e t i t i o n  w i t h  an abundant unders to ry  of 
f l o w e r i n g  dogwood, American beech, r e d  maple, and 
o t h e r s .  

RESULTS AEQ DISCUSSION 

Whole-Stand Regenerat ion 

The h e i g h t  of s tems from d i f f e r e n t  o r i g i n s  
of r e g e n e r a t i o n  f o r  a l l  s p e c i e s  (Table 2)  docu- 
ments t h e  s u p e r i o r  h e i g h t  growth of t h e  l a r g e r ,  
b e t t e r  e s t a b l i s h e d  stump s p r o u t s .  Advance 

r e g e n e r a t i o n ,  r o o t  s p r o u t s ,  and s e e d l i c g s  a r e  
p r o g r e s s i v e l y  s m a l l e r  i n  s i z e ,  The s i g n i f i g a n t  
i n c r e a s e s  i n  h e i g h t  of a l l  o r i g i n s  on the dornant  
h a r v e s t  i s  most l i k e l y  a r e f l e c t i o n  of  t5e supe r io r  
s t o r e d  carbohydrate  r o o t  r e s e r v e s  (Roth and 
Hepting l 9 4 3 ) ,  and t h e  abundant spring regenera-  
t i o n  which a c t s  as " t r a i n e r s f '  to r e d i r e c t  h e i g h t  
growth and i n c r e a s e  compet i t ive  success (Ross 
1982), Both s i t e  c l a s s e s  w i t h i n  each h a r v e s t  show 
a c o n s i s t e n t  i n c r e a s e  i n  t h e  d e n s i t y  o f  stems f rom 
stump s p r o u t s  t o  s e e d l i n g s ,  except  f o r  t h e  smaller 
nunber of r o o t  s p r o u t s  i n  t h e  poor s i t e  classes, 
This  r e f l e c t s  t h e  absence of p r o i i f i c  r o o t  s p r o u t i n g  
s p e c i e s ,  such a s  b l a c k  l o c u s t ,  dogwood, s a s s a f r a s ,  
and honeysuckle. 

Oak stump s p r o u t s  (Table 3a) were s i g n i f i c a n t l y  
t a i l e r  i n  bo th  s i t e  c l a s s e s  of t h e  dormant season 
h a r v e s t  compared t o  t h e  growing season h a r v e s t .  
Advance r e g e n e r a t i o n  i n  t h e  good s i t e  c l a s s  was 
a l s o  t a l l e r  w i t h  a  dormant season h a r v e s t .  Stump 
s p r o u t s  on poor s i t e s  decreased i n  h e i g h t  from 
8.1 t o  5.1 f t .  on t h e  dormant and growing season  
h a r v e s t s ,  r e s p e c t i v e l y ,  whi le  stem h e i g h t  on good 
s i t e s  decreased i n  he igh t  from 6.6 t o  5 .2  f t .  
Although oak s p e c i e s  a r e  no t  known a s  r o o t  s p r o u t e r s ,  
some d i d  occur ,  most ly f o r  ches tnu t  oak,  The 
prominent i n c r e a s e s  i n  t h e  d e n s i t y  of oak stump 
s p r o u t s  wi th  a  dormant season harves t  r e f l e c t s  
t h e  i n c r e a s e  i n  s p r o u t i n g  frequency (Roth and 
Hepting 1943). Although no r e f e r e n c e s  s u p p o r t  
t h e  i n c r e a s e  i n  s p r o u t i n g  frequency of advance 
r e g e n e r a t i o n  w i t h  a  dormant season h a r v e s t ,  t h e  
i n c r e a s e s  shown i n  Table 3a i n d i c a t e  t h e  s e n s i -  
t i v i t y  of t h i s  d e s i r a b l e  form of r e g e n e r a t i o n  
t o  season of h a r v e s t .  The decrease  i n  s e e d l i n g  
d e n s i t y  wi th  a growing season harves t  f o r  each 
s i t e  c l a s s  may r e f l e c t  t h e  h o t ,  d r y  c o n d i t i o n s  
t h a t  r e s u l t  i n  desiccn+;on of acorns.  Whole- 
t r e e  h a r v e s t i n g  r e s u l t s  i n  t h e  removal of b rush  
and l e a f  l i t t e r  t h a t  would normally shade  
germinat ing acorns ,  Chestnut oak i s  r e s p o n s i b l e  
f o r  t h e  s i g n i f i c a n t  i n c r e a s e s  i n  h e i g h t  of 
stump s p r o u t s  on t h e  poor s i t e s  of t h e  dormant 
season h a r v e s t ,  w h i l e  whi te  oak i s  r e s p o n s i b l e  
on t h e  b e t t e r  s i t e s  (Table 3b). I n c r e a s e s  i n  
d e n s i t y  of stump s p r o u t s  and advance regenera-  
t i o n  fo l lows  t h e  same p a t t e r n .  Although stump 
s p r o u t s  a r e  t h e  s m a l l e s t  i n  number, t h e y  w i l l  
be t h e  main compet i to rs  i n  t h e  new canopy due t o  
t h e i r  s u p e r i o r  h e i g h t  growth when compared t o  
o t h e r  o r i g i n s  (Table 3a) .  Stems of advance 
r e g e n e r a t i o n ,  a l though  subord ina te  i n  h e i g h t  t o  
stump s p r o u t s ,  have l a r g e  d e n s i t i e s  t h a t  enables 
them t o  compete f o r  advantageous canopy openings.  
Seed l ings  g e n e r a l l v  grcT- too slow t o  be of s i g e i f i -  
caace (McQuiLken, 1975; Xoss, 1982). 

Yellow-poplar stump s p r o u t s  were t a l l e r  with 
a dormant season h a r v e s t  i n  bo th  s i t e  c l a s s e s ,  
however advance r e g e n e r a t i o n  was n o t  (Table 4 ) .  
The d e n s i t y  of a l l  yellow-poplar c l a s s e s  of 
r e g e n e r a t i o n  were a l s o  increased ,  Comparison of 
t h e  h e i g h t s  of yellow-poplar stump s p r o u t s  w i t h  
t h a t  of t h e  oaks i n  Table 3a r e f l e c t s  t h e  com- 
p e t i t i v e  advantage of yellow-poplar (McGee and 
Hooper 1970).  The low d e n s i t y  of stump s p r o u t s  
r e p o r t e d  on good s i t e s  i n d i c a t e s  t h a t  yellow- 



Table 2 - A s u m ~ a r y  of all r e g e n e r a t i o n  by o r i g i n ,  season of h a r v e s t ,  and s i t e  c l a s s  
a f t e r  two growing seasons ,  C r i t z ,  Va, 

REGEKEWIT DOEUST SEASOM IaRVEST GROWING SEASON NARVEST 
POOR SITE CUSS GOOD SITE GLASS POOR SITE CUSS GOOD SITE CUSS 
Stems MelanL/ Stems Mean L/ Stems Mean S t e m  Mean 
Per  Height Per  Height DPT. Height p e r  Height 
a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  

Stump s p r o u t s  450 8.8 a 43 2 8.1 a  378 5.9 b 407 5.7 b 
Advance 

regenera t ion  12,427 3.7 a 11,649 4.1 a 1 7 , 6 2 5  2.5 b 7,554 3.2 b 
Root sprou ts  6,612 2.8 a  19,833. 2.8 a  13,968 2.1 b 17,877 2.3 b 
Seed l ings  15,239 0.7 a 49,745 1.0 a  9,897 0.5 a 44,812 0.4 b 
T o t a l  

Regenerants 34,788 81,656 41,868 79,650 
I/ f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  of d i f f e r e n t  h a r v e s t s ,  means followed by t h e  same - 

l e t t e r  i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a lpha  = .05 (Wilcoxon' Rank 
Sum T e s t ) ,  

Table 3a - A summary of oak r e g e n e r a t i o n  by o r i g i n ,  season of h a r v e s t ,  and s i t e  c l a s s  a f t e r  
two growing seasons ,  C r i t z ,  Va. 

REG ENEMNT T SEASON HARVEST GROWING SEASON HARVEST 
O R I G I N  POOR SITE CUSS GOOD SITE CLASS POOR SITE CLASS GOOD SITE CLASS 

Stems Mean I.-/ Stems F-leans 1/ Stems Mean Sterns Mean 
Per  Height per  Height per  Weight per  Height 
a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  

Stump 
s p r o u t s  2/ 156 8.1 a  132 6.6 a  102 5,1 h 7 2 5.2 b 

Advance 
r e g e n e r a t i o n  9,928 1.9 a  5,8051 2.9 a  6,570 2.1 a  2,926 2.0 b 

Koot sprou ts  67 8 1,5! a 45 7 2-1 a 510 2.9 a 300 0.5 a  
Seed l ings  1,049 0.6 2 749 0.b a  4 50 0 . 3 a  300 0.3 a  
T o t a l  
Regenerants 11 ,751  7,157 7,632 3,598 
I/ f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  of d i f f e r e n t  h a r v e s t s ,  means fol lowed by t h e  same - 

l e t t e r  i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a lpha  = .05 (Wilcoxon Rank 
Sum T e s t ) .  

21 number i n  p a r e n t h e s i s  i s  t h e  frequency of occurrence i n  t h i s  c l a s s  of regeneran t  i n  samples - 
s u b c e l l s .  

p o p l a r  w i l l  on ly  become a p a r t  of t h e  s p e c i e s  
mix w i t h  t h e  oaks and o t h e r  s p e c i e s .  There a r e  
v e r y  few Piedmont s i t e s  under s i t e  index 75 (base 
age 50) f o r  whi te  oak where yellow-poplar is  
capable  of making up a  l a r g e  component of t h e  
s t a n d  (Olson and Della-Bianca 1959). The a b i l i t y  
of yellow-poplar t o  produce l a r g e  numbers of 
s e e d l i n g s  is  ev iden t  (Beck and Della-Bianca 
1981). This  s tudy  confirms t h a t  t h e  b e s t  
s u r v i v a l  and h e i g h t  growth of yellow-poplar 
s e e d l i n g s  is found fo l lowing  a  dormant season 
h a r v e s t  (Trimble and Tryon 1969). A dormant 
h a r v e s t  a l lows  f o r  t h e  s p r i n g  g e m i n a t i o n  of 
seeds  which a r e  capable  of competing wi th  t h e  
f l u s h  of new v e g e t a t i o n .  Although s e e d l i n g s  
on t h e  poor s i t e s  may succumb i n  t h e  n e a r  f u t u r e  
(Faeaver and Robertson 1981),  v igorous  yellow- 
popla r  s e e d l i n g s  on t h e  b e t t e r  s i t e s  of both 
h a r v e s t s  w i l l  l i k e l y  f i l l  some canopy openings. 

Red maple stump s p r o u t s  i n  bo th  s i t e  c l a s s e s  
and advance r e g e n e r a t i o n  on b e t t e r  s i t e s  were 
s i g n i f i c a n t l y  t a l l e r  wi th  a  dormant season 
h a r v e s t  (Table 5) .  S i m i l a r  t o  yellow-poplar,  
t h e  h e i g h t  of red maple makes i t  an  a r d e n t  com- 

p e t i t o r  of t h e  oaks on a l l  s i t e s .  Comparison of 
t h e  h e i g h t  of stump s p r o u t s  and advance regenera-  
t i o n  w i t h  t h a t  of t h e  oak s p e c i e s  (Table 3a) 
i n d i c a t e s  t h e  compet i t ive  advantage of r e d  maple 
i n  t h e  new s tand .  Red maple forms l a r g e ,  expansive 
s p r o u t  clumps t h a t  u t i l i z e  l a r g e  amounts of s i t e  
r e s o u r c e s  and l i m i t s  t h e  es tab l i shment  of d e s i r -  
a b l e  s p e c i e s .  This  c a p a b i l i t y  of r e d  maple t o  
main ta in  t h i s  l a r g e  a r e a  through crown c l o s u r e  
has  been noted i n  t h e  Southern Appalachians 
(McGee and Hooper 1970, 1975),  and poses a  formid- 
a b l e  b a r r i e r  t o  a t t a i n i n g  d e s i r a b l e  oak s tock ing .  
The dormant h a r v e s t  does  n o t  appear  t o  r e s u l t  i n  
l a r g e  g a i n s  i n  d e n s i t y ,  except  f o r  t h e  four - fo ld  
i n c r e a s e - i n  red  maple advance r e g e n e r a t i o n  i n  t h e  
poor s i t e  c l a s s ;  however, t h e  he igh t  of t h e s e  
stems were s h o r t e r .  The numerous red  maple 
s e e d l i n g s  a r e  s h o r t  and v e r y  sp ind ley ,  thereby ,  
p o t e n t i a l l y  incapable  of c o n t r i b u t i n g  t o  t h e  new 
s t a n d ,  The l a r g e r  d e n s i t y  and h igher  d i s t r i b u t i o n  
of stump s p r o u t s  i n  t h e  good s i t e  c l a s s  of each 
h a r v e s t ,  i n d i c a t e s  r e d  maple w i l l  be  more of a  
problem on t h e  b e t t e r  s i t e s .  However, h e i g h t s  
of t h e  stump s p r o u t s  w i l l  be  s i m i l a r ,  r e g a r d l e s s  
of s i t e  q u a l i t y ,  



T a b l e  3b - A summary of oak r e g e n e r a t i o n  by s p e c i e s ;  o r i g i n ,  season of  h a r v e s t ,  and s l t e  c l a s s  a f t e r  
t w o  growing s e a s o n s ,  C r i t z ,  Va. 

DOWPT SE~ISOE IiARVEST GROWING SEASON HARVEST 
POOR SITE CLASS- GOOD SITE CLASS POOR SITE CLASS GOOD S I T E  GLASS 

S p e c i e s  O r i g i n  Stems Mean Stems Mean S t  ems Xean Stems Mean 
Height  p e r  Height  Height  p e r  Height 

a c r e  per ( f e e t )  a c r e  (feet > per a c r e  ( f e e t )  a c r e  ( f e e t )  
Stump 

sproucs  24 5.2 a  60 6.2 a 5 1 4.4 a 3 8  4.13 b 
Advance 

Whgte  r e g e n e r a t i o n  911 2.0 a 2,608 2.4 a 491 3.0 a l , 0 9 1  2 .3  a 
o a k  Root s p r o u t s  300 0.9 a 450 0.5 a 300 0.3 a  300 0.5  a 

S e e d l i n g s  449 0 . 3 a  749 0.4 a 150 0.2 a 300 0 .3  a 
T o t a l  w h i t e  

oak 1,684 3,867 992 i, 730 
Stump 

s p r o u t s  114 8.9 a  24 7.2 3  2  5.7 b -- -- 
Advance 

C h e s t -  r e g e n e r a t  i o n  6 ,601  2.1 a  1 ,462  3.4 a 3,968 2.2 a  1 3  3.8 a 
n u t  ROO t 
O a k  s p r o u t s  318 2.4 a  1 9  3.7 6  0  3.7 a  -- - - 

S e e d l i n g s  300 0.3 a -- - - 300 0.4 a  - - -- 
T o t a l  c h e s t -  

n u t  uak 7,333 1,505 4,360 1 3  
Stump 

s p r o u t s  1 8  6.9 a  4  8  5.9 a  19 6.3 a  3  3  5.9 a 
R e d  Advance 
Oaks r e g e n e r a t  i o n  2,416 1-0 a 1-,739 2.9 a  2 ,111 1.4 a  1 ,822 1 - 6  b 

Root 
s p r o u t s  - - -- -- -- 150 0.6 - - -- 

S e e d l i n g s  300 0.2 - - -- -- -- -- -- 
T o t a l  r e d  

oaks 2,734 1,787 2,280 1,855 
T o t a l  Oak 

Tab le  4 - A summary of  yel low-poplar  r e g e n e r a t i o n  by  o r i g i n ,  season  of h a r v e s t ,  
and s i t e  c l a s s  a f t e r  two growing s e a s o n s ,  C r i t z ,  Va. 

REGENEWT 
ORIGIN DORMANT SEASON HARVEST GROWING SEASON HARVEST 

POOR SITE CLASS GOOD SITE CLASS POOR SITE CLASS GOOD SITE CLASS 
Stems M e a n y  Stems M e a n y  Stems Mean Stems Mean 
Per  Height  p e r  HeLght p e r  Height  pe r  Height  
a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  

Stump 
sprouts&/ 36 1 1 . 1 a  60 10.9 a 1 8  7.8 b 3-1 24 6.8 b 

(7%) (18%) (4%)  ( I 1  %) 
Advance 

r e g e n e r a t  i o n  60 6.7 a 378 5.4 a 6 3.5 a 180 4.3 a 
Root 

s p r o u t s  4  8 3.9 a 24 4.6 a  0 0 0 0  
S e e d l i n g s  6,157 0.8 a 26,065 1 .0  a  2,404 0.6  a  19,183 0.3 b?/ 
T o t a l  

r e g e n e r a t i o n  
6 ,301 26,527 2,428 19,387 

I/ f o r  each  o r i g i n  i n  t h e  same s i t e  c l a s s  of  d i f f e r e n t  h a r v e s t s ,  means fol lowed by t h e  - 
same l e t t e r  i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a l p h a  = .05 
(Wilcoxon Rank Sum T e s t ) .  

2.1' number i n  p a r e n t h e s i s  is t h e  f requency  o f  o c c u r r e n c e  o f  t h i s  c l a s s  of  r e g e n e r a n t  i n  
sampled s u b c e l l s .  

31 s i g n i f i c a n t  a t  a l p h a  = ,058 - 



Table 5 - h sunmary of  red  napli r g g e n e r a t i o n  b; origin, season o f  h a r v e s t ,  and s i t e  
class a f t e r  t w o  growing seasons, C r i t z ,  Va, 

I? EG ENEMKT DORibZaiXT SEASON '&WEST GROWIEG SEASON HARVEST 
ORIGIK POOR SITE CLASS GOOD S I T E  CLASS POOR SITE CLASS GOOD S I T E  CUSS 

S t  ems ?lean&/ S texs  Mean S t ems Mean Stems Mean 
Per  Height per  Ileight Per Height p e r  Height 
a c r e  ( f e e t  > a c r e  ( f e e t )  a c r e  (feelt) a c r e  ( f e e t )  

Stump 
s p r o u t s /  7 2 9 .7  a l l 4  9.4 a 3 6 6 . 9 b  138 6.3 b 

Advance 
r e g e n e r a t i o n  977 11.2 a  809 5.7 a  240 5.5 a  641 4 . 5  b 3/ 

Root 
s p r c u t s  6 3.9 a 4 6 7 2.5 a 0 0 243 2.8 a  

Seed l ings  2 ,998 0.4 a 5,395 0.4 a 2,248  0 .3  a 5 , 6 9 5  0.3 b 
T o t a l  

regeneran ts  4 , 0 5 3  6,845 2 ,524 6,717 
l/ f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  of d i f f e r e n t  h a r v e s t s ,  means fol lowed by t h e  same l e t t e r  - 

i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a lpha  = .05 (Wilcoxon Rank Sum T e s t ) .  
21' number i n  p a r e n t h e s i s  is  t h e  frequency of occurrence of t h i s  c l a s s  of regeneran t  i n  sampled - 

s u b c e l l s  
3 1  s i g n i f i c a n t  a t  a lpha  = -051 - 

The l a c k  of sourwood s e e d l i n g s  (Table 6) shows 
t h e  r e l i a n c e  of t h i s  s p e c i e s  on e x i s t i n g  r o o t s t o c k s  
f o r  r e g e n e r a t i o n .  The dormant h a r v e s t  r e s u l t e d  
i n  t a l l e r  stump s p r o u t s  on bo th  s i t e  c l a s s e s  and 
t a l l e r  advance r e g e n e r a t i o n  on t h e  poor s i t e  c l a s s  
when compared t o  t h e  growing season h a r v e s t .  
The d e n s i t y  of stump s p r o u t s  and advance regenera-  
t i o n  on t h e  good s i t e  c l a s s  was h a l f e d  wi th  a  
dormant season h a r v e s t .  On t h e  poor s i t e s  stump 
s p r o u t s  were s l i g h t l y  reduced and advance regen- 
e r a t i o n  was increased  f i v e - f o l d ,  These r e s u l t s  
i n d i c a t e  t h a t  l a r g e  d e c r e a s e s  i n  t h e  d e n s i t y  of 
sourwood stems on t h e  good s i t e s  a r e  p o s s i b l e  
w i t h  a  dormant season h a r v e s t  due t o  t h e  f a i l u r e  
of sourwood t o  compete e f f e c t i v e l y  f o r  resources  
wi th  t h e  denser ,  more p r o l i f i c  s p r o u t s  of o t h e r  
s p e c i e s .  The i n c r e a s e  i n  sourwood h e i g h t  and 
d e n s i t y  w i t h  a  dormant season h a r v e s t  on t h e  poor 
s i t e s  causes  concern due t o  i t s  s p r o u t i n g  
c h a r a c t e r  i n  t h e  e a r l y  pos t -harves t  s tand .  Sour- 
wood produces a  wide zone of l a t e r a l  s p r o u t s  
around a  few c e n t r a l  l e a d e r s  t h a t  u s e s  consider-  
a b l e  s i t e  resources  and l i m i t s  t h e  es tab l i shment  
of more d e s i r a b l e  oak s p e c i e s ,  

Other woody s p e c i e s  (Table 7) i n c l u d e  
blackgum, do,mood, b lack  l o c u s t ,  and s a s s a f r a s .  
Contrary t o  t h e  o t h e r  s p e c i e s  groups, stump 
s p r o u t s  a r e  n o t  t a l l e r  w i t h  a dormant season 
h a r v e s t .  The low d e n s i t y  and h e i g h t  of t h e s e  
stump s p r o u t s  i n d i c a t e s  t h a t  t h e  major compet i to rs  
f o r  t h e  oak s p e c i e s  w i l l  come from yellow-poplar,  
r e d  maple, and sourwood. The l a r g e  d e n s i t y  and 
compet i t ive  s t a t u r e  of r o o t  s p r o u t s  on t h e  
dormant season h a r v e s t  w a r r a n t s  a t t e n t i o n .  
Vigorous and s t o u t  s p e c i e s  l i k e  b l a c k  l o c u s t  
may become a problem on b e t t e r  s i t e s  (McGee 
l 9 7 5 ) ,  w h i l e  blackgum is  numerous and common t o  
a l l  s i t e s .  Important  t o  n o t e  is  t h e  s i g n i f i c a n t  
d e c l i n e  i n  advance r e g e n e r a t i o n  and r o o t  s p r o u t  
d e n s i t i e s  i n  t h e  poor s i t e  c l a s s  w i t h  a dormant 
season h a r v e s t .  These s p e c i e s  may n o t  be a b l e  
t o  compete e f f e c t i v e l y  wi th  t h e  r a p i d  f l u s h  of 

v e g e t a t i o n  of t h e  o t h e r  s p e c i e s  groups. 

While subord ina te  i n  d e n s i t y  and h e i g h t  t h e  
r e l a t i v e  p o s i t i o n  of oaks t o  i t s  compet i to rs  is  
a f f e c t e d  by t h e  season of h a r v e s t  (Table 8) .  The 
d i f f e r e n c e  i n  h e i g h t  of oak stump s p r o u t s  and o t h e r  
s p e c i e s  i s  1.1 f t .  on t h e  poor s i t e  c l a s s  f o r  bo th  
t h e  dormant and growing season h a r v e s t .  Therefore ,  
t h e r e  appears  t o  be no h a r v e s t - s i t e  c l a s s  i n t e r -  
a c t i o n  on t h e  poor s i t e s .  On t h e  good s i t e s  t h e  
r e l a t i v e  d i f f e r e n c e  i n  stump s p r o u t  h e i g h t  of oaks 
and a l l  o t h e r s  f o r  dormant and growing season 
h a r v e s t  is  2.2 and 0.7 f t . ,  r e s p e c t i v e l y .  Thus, 
t h e  oaks a r e  i n  an u n d e s i r a b l e  s t r a t a  p o s i t i o n  on 
t h e  dormant season h a r v e s t .  Applying t h i s  com- 
p a r i s o n  t o  advance r e g e n e r a t i o n  i n d i c a t e s  no 
d i f f e r e n c e  on t h e  good s i t e s ,  b u t  a n  advantage on 
t h e  poor s i t e s  wi th  a growing season h a r v e s t .  
Although t h e  growing season h a r v e s t  may have some 
advantages w i t h  r e l a t i v e  h e i g h t ,  t h e  dormant 
season h a r v e s t  would s t i l l  be  recommended due t o  
t h e  i n c r e a s e  i n  d e n s i t y  of oaks r e s u l t i n g  from 
increased  s p r o u t i n g  frequency and sprou t  p roduc t ion .  

Table 9 shows t h e  r e l a t i v e  percen t  change i n  
t h e  number of stumps wi th  a t  l e a s t  one l i v e  stem 
between t h e  pre-harvest  t r e e  s t r a t a  and t h e  post-  
h a r v e s t  s tand .  A two percen t  i n c r e a s e  i n  oak 
composition was found on t h e  poor s i t e s  of t h e  
dormant h a r v e s t ,  b u t  t h e  l a r g e s t  g a i n  i s  on t h e  
b e t t e r  s i t e s  w i t h  a  9 percen t  i n c r e a s e .  T h i s  
l a r g e r  i n c r e a s e  on t h e  b e t t e r  s i t e s  i s  due t o  
t h e  h igher  s p r o u t i n g  frequency of white  oak 
stumps t h a t  make up t h e  l a r g e s t  oak com.ponent, 
Oak advance r e g e n e r a t i o n  (Table LO) r e g i s t e r e d  
l a r g e r  g a i n s  on bo th  s i t e  c l a s s e s  w i t h  a dor- 
mant season  h a r v e s t .  The approach of us ing  
percen t  changes i n  t h e  number of stems t o  

q u a n t i f y  changes i n  s p e c i e s  composition is h e l p f u l ,  
b u t  n o t  f i n a l ,  It should b e  r e a l i z e d  t h a t  g a i n s  
r e g i s t e r e d  may be t h e  r e s u l t  of l a r g e  d e c r e a s e s  
i n  ano ther  s p e c i e s  group and n o t  a  r e a l  change 
i n  t h e  d e n s i t y  of stems of t h e  s p e c i e  of i n t e r e s t .  
Use of a n a l y s i s  of covar iance  t o  c o r r e c t  sample 



T a b l e  6 - A summary of  sourwood r e g e n e r a t i o n  by o r i g i n ,  season  o f  h a r v e s t ,  and s i t e  c l a s s  
a f t e r  two g rob~ing  s e a s o n s ,  C r i t z ,  XVa. 

DO17P-IANT SEASON WIIRVEST GROWING SEASON HARVEST 
POOR SITE CLASS GOOD SITE CLASS POOR S I T E  CLASS GOOD SITE CLASS 

REGEXEMT ION Meanl/ S t  ems MeanL/ Stems Mean Stems Mean 

O R I G I N  Pe r  Height  P e r  Height  Pe r  Height  p e r  He igh t  
a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t  > 

S t ump 
sprou t  s2/ 180 8.8  a  6  0  8.8 a  2  04 6.0 b  108 5.9 b  

(41% j (29%) (52%) (41%) 
Advan c  e  

r e g e n e r a t i o n  432 5.8 a  180 4.4 a  102 4 . 7 b  348 4.3 a 
R o o t  s p r o u t s  6  3.8 a  0 0 1 8  5.8 a  0  0  
S e e d l i n g s  0  0  0  0  0  0  0  0  
T o t a l  

r e g e n e r a n t s  618 240 324 456 
1 /  f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  o f  d i f f e r e n t  h a r v e s t s ,  means fo l lowed  by t h e  same - 

l e t t e r  i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a l p h a  = .05 (Wilcoxon Rank 
Sum T e s t ) .  

2 /  number i n  p a r e n t h e s i s  i s  t h e  f requency  of occur rence  of  t h i s  c l a s s  of r e g e n e r a n t  i n  - 
sampled s u b c e l l s .  

T a b l e  7  - A summary of o t h e r  woody r e g e n e r a t i o n  by o r i g i n ,  season  of h a r v e s t ,  a12 s i t e  
c l a s s  a f t e r  two growing s e a s o n s ,  C r i t z ,  Va. 

7 

DORFNNT SEASON HARVEST GROWING SEASON HARVEST 
POOR SITE CLASS GOOD SITE CLASS POOR SITE CLASS GOOD SITE CLASS 

REGENERATION Stems 
MeanL/ S t  ems MeanL/ Stems Plean Stems Me an  

ORIGIN P e r  Height: pe r  Height  Pe r  Height  p e r  He igh t  
a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  

Stump 
s p r o u t s 2 /  6  5.8 a  6  6  5.8 a  18  5 .1  a  6  6  4.7 a  

advance 
r e g e n e r a t  i o n  1 , 0 3 1  4.6 a  4,412 4.1 a  10,707 1.9 b  3,459 2.8 b  

Root s p r o u t s  5 ,935 2.8 a  18,872 2.8 a  13 ,441  1.9 b  17,415 2.3 b  
S e e d l i n g s  5,096 0.8 a  17,535 1 .3  a  4,796 0.5 a  19,033 0 .6  b 
T o t a l  

r e g e n e r a n t s  12 ,068  40,885 28,962 40,573 
I/ f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  o f  d i f f e r e n t  h a r v e s t s ,  means fol lowed by t h e  same - 

l e t t e r  i n d i c a t e  h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a l p h a  = , 05  (Wilcoxon Rank 
Sum Tes t  ) . 

2 /  number i n  p a r e n t h e s i s  i s  t h e  f requency  of occur rence  of  t h i s  c l a s s  of  r e g e n e r a n t  i n  sampled - 
s u b c e l l s ,  

Tab le  8 - A summary o f  oak r e g e n e r a t i o n  and a l l  o t h e r  r e g e n e r a t i o n  by o r i g i n ,  season  of  h a r v e s t ,  and 
s i t e  c l a s s  a f t e r  two growing s e a s o n s ,  C r i t z ,  Va. 

DORMANT SEASON HARVEST GROWING SEASON HARVEST 
POOR SITE CLASS 3OOD SITE CLASS POOR SITE CLASS GOOD SITE CLASS 

REGENERATION Stems M e a d /  S t  ems Mean1 / S t  ems Mean Stems Mean 
SPECIES ORIGIN Per  ~ e i g g t  Per  t fe ight  Pe r  Height  p e r  Height  

a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  a c r e  ( f e e t )  
Stump 

Oaks s p r o u t s  156 8.1  a  132 6.6 a 102 5.1  b  7  2  5.2 b 

Advance 
r e g e n e r a t  i o n  9,928 1.9 a  5,809 2.9 a  6,570 2.1 a  2,926 2.0 b 

S t ump 
A1 1 s p r o u t s  294 9.2  a  300 8.8 a  276 6 . 2 b  336 5.9 b  
Other  Advance 

r e g e n e r a t i o n  2,500 5.1  a  5,839 4.6 a  11,055 2.7 b  4 ,628 3.6 S 
1/ f o r  each o r i g i n  i n  t h e  same s i t e  c l a s s  o f  d i f f e r e n t  h a r v e s t s ,  means fo l lowed  by t h e  same l e t t e r  i n d i c a t e  - 

h a r v e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  a l p h a  = .05 (Wilcoxon Rank Sum T e s t ) .  



Table 9 - Comparison of pre- and post-harvest stand composition by season of harvest and site 
class, Critz, Va, 

POOR SITE CLASS GOOD SXTE CLASS POOR SITE CLASS GOOD SITE CLASS 
Percent Percent Percent Percent Percent Percent Percent Percent 
of stems change of stems 

OAKS 
of stems change 

I/ Pre-harvest 
2 /  Post-harvest 
RED MAPLE: 

Pre-hamest 
Pos t-harves t 

YELLOW-POPLAR 
Pre-harvest 
Post-harvest 

S OLIRNOOD 
Pre-harvest 
Post-harvest 

OTHER WODY 
Pre-harves t 
Post-harvest 1 -16 15 -6 4 -5 15 ~ 1 0  

I/ based on number of pre-harvest overstory stems (overl6.4 ft:) - 
2 f  based on number of pre-harvest overstory stumps that produced at least one sprout greater than - 

3.3 ft. two growing seasons after harvest, 

Table 10 - Comparison of the pre- and post-harvest advance regeneration component of stand 
composition by season of harvest and site class, Critz, Va, 

DOHUNT SEASON mRVEST GROWING SEASON W E S T  
POOR SITE CLASS GOOD SITE CLASS POOR SITE CLASS GOOD SITE GLASS 
Percent Percent Percent Percent Percent Percent Percent Percent 
of stems change of stems change of stems change of stems change 

OARS 
I/ Pre-harvest 40 
2 /  Post-harvest 80 +4 0 
RED MAPLE 
Pre-harves t 26 
Post-harvest 8 -18 

YELLOW POPLAR 
Pre-harvest l 
Po s t-harves t 1 0 

SOURMOOD 
Pre-harvest 1 
Post-harvest 3 +2 

OTHER WOODY 
Pre-harvest 32 
Pos t-harves t 8 -24 38 -I 60 +l 9 4 6 -10 

I/ based on number of pre-harvest stems less than 16.4 ft, in height. 
2/ based on number of post-harvest stems not originating from the stumps of per-harvest overstory 

and not post-harvest seedling. 

values for pre-harvest density would be desirable 
and would allow for direct comparisons of density 
values in Tables 2-8. Use of this approach in 
future studies will require larger samples to 
eliminate the variation caused by the clumpy 
distribution of this type of regeneration. 

sprouts and seedlings, because of their smaller 
stature, will probably contribute little. The 
dormant season harvest resulted in taller stump 
sprouts of the oaks and yellow-poplar, as well 
as taller sprouts of the undesirable competitors, 
red maple and sourwood. Although the density of 
red maple stump sprouts was increased on the 
poor sites with a dormant season harvest, there 
was little change on the better sites, Sourwood 
density can be effectively reduced on better 
sites with a dormant season harvest, but will 
increase on the poorer sites. Advance regenera- 
tion of red maple and sourwood are both 
competetive with oak advance regeneration and 

RY APJD CONCLUSION 

The superior height of stump sprouts will 
enable them to become the dominant component 
of the new canopy, while advance regeneration 
will probably fill what holes remain, Root 



w i l l  p r o v i d e  s i g n i f i c a n t  compet i t ion  r e g a r d l e s s  
of s e a s o n  of h a r v e s t .  The r e l a t i v e  dominance 
of oaks may s u f f e r  somewhat w i t h  a dormant 
seasom h a r v e s t ,  bu t  t h e i r  p o t e n t i a l  advantage 
i s  t h e  i n c r e a s e  i n  t h e  d e n s i t y  of stump s p r o u t s  
and a d v a n c e  r e g e n e r a t i o n ,  

F a v o r a b l e  oak s t o c k i n g  can only be  accomplished 
i f  t h e  stems a r e  p r e s e n t  t h e r e  t o  begin w i t h ,  
S i l v i c u l t u r a l  t rea tments  such a s  stump treatment 
w i t h  l-ierbicides a t  t ime  of h a r v e s t  (Lewis 1984) 
can b e  u t i l i z e d  t o  reduce competing stems of red 
m a p l e ,  sourwood, and i f  d e s i r e d ,  yellow-poplar.  
F u t u r e  r e s u l t s  of t h i s  s tudy  w i l l  i n d i c a t e  on 
what s i t e  q u a l i t i e s  compet i t ion  c o n t r o l  may be 
advantageous ,  However, t h e  l a r g e r  d e n s i t i e s  of 
c a n o p y  s p e c i e s  (red maple and yellow-poplar) on 
t h e  b e t t e r  s i t e s ,  and l a r g e  component of l e s s  
v i g o r o u s  w h i t e  oak,  may r e q u i r e  t h a t  t rea tment  
be  d i r e c t e d  t o  t h e s e  s i t e s .  From an economic 
s t a n d p o i n t ,  s i l v i c u l t u r a l  t rea tments  would a l s o  
be  moxe j u s t i f i e d  on t h e s e  b e t t e r  s i t e s  s i n c e  
they  a r e  capable of producing h igh-qua l i ty  r e d  and 
w h i t e  oak sawtimber. 
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DESIGN PARAZ4ETERS FOR A B10M,4SS HARVES E R  FOR i SHORT-ROTRTIOb,  W ARDWOOD S 1-AhDS 

Harry G. ~ i b s o n ~  

Philip E. pope3 

Abstract.--Design parameters for a short-rotation, hardwood b~ornass 
harvester were developed from field tests and mathematical simulations methods. 
Severing methods, tires vercus tracks, and compaction were evaluated from lieid 
tests. Power, weight, tractive effort and speed requirements were determined 
from simulation methods 

INTRODUCTION 

Wood is the largest biomass energy resource in the United States 
and its importance as an  alternate of supplemental fuel is 
dramatized by recent fossil fuel shortages. A report from the Office 
of Technology Assessment ( 1980) indicates woody biomass, in 
addition to its traditional uses, will play a major role in future 
energy production through gasification or conversion to  liquid fuels. 
In the short run, most of the energy resource needs from biomass is 
expected to come from residues in conventional harvesting but an  
increase in the intensity of forest management, including the 
establishment of biomass/silage plantations, may be essential to  
achieve the projected energy yield from wood while maintaining the 
supply of material to forest industries. 

Numerous studies have been undertaken, and many completed, 
regarding practices, economics, and production of short-rotation, 
intensively cultured (SRIC) tree plantations (Pope and Gibson, 1984; 
P.G. Jones and S-Y. Shen. 1982; A.D. Vyas and S-Y. Shen, 1932). 
Information on  technology to harvest S R I C  tree plantations is more 
limited (Pope and Gibson, 1983) and, in general, discusses biomass 
harvester designs that are outgrowths of conventional timber 
harvesting machines. 

Belanger (1979) and Machado (198 1 )  note that the method of 
harvest can have a signtficant impact on the productittty of the 
remarning stump. Sc~enttsts have recognired the importance of 
tfurnp tnanagetnenr In sustained copplce productivity for some tlme. 
Research plantings are usually harvested manually d u r ~ n g  the 
dormant season and care is taken to  maintain a 15 crn stump he~ght ,  
min1mti.e disturbance of the root system, and make smooth stump 
cuts -- all of which minimr~es the likelihood of stump fracture or 
spiittlng which reduces copplce producti.\-it1 (Hansen and Baker, 
1979; Belanger, 1979). When SRIG plantations have been harvested 
mechanically (Dawson et. al., 1976; Perala, 1979) there have been no 
data presented for stump damage and o r  subsequent coppice 
product~vtt> 
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Some detelopments have been made towards harvesting low 
quality hardwoods through the use of a tracked harvesterjchipper 
(Koch and Savage, 1980). This type of harvester was not designed 
for S R i C  plantation use, however, and indications are that the 
weight and track carrier of this type of machine would seriously 
darnage the root stock. In fact, the machine is promoted for site 
conversion where hardwood root stock mortality is beneficial. 
Scandinavian efforts toward S R I C  biomass harvester developments 

are relatively new (Crafood, 1980) and are directed towards 
Scandinavian species and site conditions. Brazilian efforts toward 
mechanizing SRIC plantation harvesting have been minimal 
(Machado, 1981), mainly due to  low labor costs and plentiful labor. 

Presently, technology for mechanized harvesting of single and 
multiple stems of the sire attainable in a 3-5 year rotation is lacking. 
Paramount In developing a harvesting .;)stem will be to5t 
effec trvenevs, n~rt?rn?rzatron of cfetrtrnental rinpac ts on the site and 
arrurant e of survrvai and t ontrnued produc trvrrr of the stumps 
remaining after harvest. Productivity data are available for 
successive rotations of American sycamore (Platanuv at r rdentalrs L.) 
and eastern cottonwood (Populus deltordes, Bastr.) for root stocks 
of varying age but these plantations here harvested manually and 
care was taken not to damage the root stocks Previous research 
indicates that conventional equtpment is too costly, causes soil 
compaction and may injure the remaining stumps to  the extent that 
biomass yields can be sign~ficantly reduced (Machado, 1981). The 
objectives of this study were to determine the influence of 
mechanicai stem severing techniques on the coppice productivity of 
biomass plantations and to develop parameters for the design of a 
harvester for SRIC coppice biomass tree plantations. An assessment 
of so11 compaction influence on copplce productivity was also a n  
objective of the study 

PROCEDURES 

Study Site 

Short rotation intensive culture (SRIG) biomass plantations of 
black locust (Rohinia pseudoacacia L.) and European black alder 
(Alnus giutinosa L.) were established a t  Martell Forest in the spring 
of 1979. Prior to planting. the site was characterized by soil type, 
slope, aspect, estimated tree productivity and soil nutrient status. 



One-qear-old bdreroot ~ e e d i ~ n g s  of each species were pianted in pure 
stands ey  uitalent to 5,000, I0,000 and 20,000 plants per hectare (ha), 
representsng spacings of 2 \ 1, I .i 1 and 0.5 r I m, respecti\ieiy 
The s t u d 3  plots uere iirned and fertilt~ed as spec~fied in the study 
plan, a m d  competing herbaceous and ~ o o d !  vegetation \lids 
controi led b) cultttation The experimentai design for each tree 
\pecies c o n s ~ s t c d  of two  fertillzer treatments (for another study 
reported on  separhtei)) randomly asstgned o ie r  three blochs forming 
s1x main plotb. rhree spacings Rere randornlq assigned to subplots 
u ! th~n  e a c h  rnatn plot. Each subplot u a s  I2 x \.iZ meters. rhe study 
uas  a r ranged  in a randomifed complete block d e \ ~ g n  with three 
replications and ana l~ses  based on unequal sample w e .  

Harvesting Method Evaluation 

After three grobing seasons, alternate rous  of the original 12 x 
12 m ne t  plots were harvested by sawing or guillotine shearing at a 
standard 15 cm stump he~ght  Border rows, to  be used for an  
assessment ot the impact of so11 compactton on copplce growth and 
rows allocated to determine the influence of vehicle track damdge on 

coppice g r o  th, were excluded fro? the ineasurement plots. In i?" total, 90 m of the original 144 m was evaluated to assess the 
influence of harvesting technique on  coppice productivity. The cut 
stumps w e r e  coded by the method of harvest, stump diameter, and 
stump condit ion.  Stump condition was classified by the evenness of 
cut, the a m o u n t  of compressed wood and the extent of bark damage 
(Table 1 ) .  

Table I. Classification of stump damage 
caused by the method of harvesting 

sawing or guillotine shearing. 

Component  
Evaluated Method of Evaluation 

Average of 3 diameter measurements 
S t e m  were recorded. Point of 
Diameter  measurement was 6 cm below 

the point of detachment. 

1 = no compression wood 
2 = compression wood in > 0-255;i of 

the exposed stump surface 
3 = compression wood in 26-50C4 of 

Compression the exposed stump surface 
W o o d  4 = compression wood in 5 1-7552 of 

the exposed stump surface 
5 = compression wood in 76-100Cij of 

the exposed stump surface 

1 = no separation of c a m b ~ a l  ttssue 
from woody tissue 

2 = I-25Lc of the camblum separared 
from the woody tissue 

Carnblal 3 = 26-50ci of the cambium separated 
Tissue from the woody t~ssue  
Injury 4 = 5 1-75ck of the cambium separated 

from the woody tissue 
5 = 76-100?6 of the cambium separated 

from the woody tlssue 

Fertil~zer uds  applied to one-hail: of the harvested area to  include 
both harvesting techniques Coppice product~vitj was e\iaiudted fo r  
each stern sekering technique lor tour ferrtt~ter trearrnents %I  time 
of planting, soil sdrnples were coliected f rom 25 locations, in each 01 

the mhln plots 

Copplce productivitj for all stuinps was asbessed by the number 
ot sprouts per stump, and the hs~ght  and diarlleter of the dorninanr 

\tern. The coppice on  10 percent of the stumps t tas  rernoted af ter  
the Itrst growing season and total drq \hie~ghr determined 
Regresston anal!sis u a s  used to predict (estimate) the standing 
coppice biomass. 

The saudj was arranged in a randomtired complete block 
fdctorial design ~\i!th 5 repl~cations of each treatment. For  each tree 
species, locust and aides. the factors are 3 spaclng densit~cs, 4 
ferttlifer treatment\ and 2 methods of harvesting. A total of 610 
stems were hanested for each tree species. For edch tree species, 45 
trees were harvested by each stem severing technique on  the 2 x I m 
plot, 90 trees by each technique on the I x 1 m plot and 180 trees 
on the 0.5 x 1 m plot. Border so% trees served as a buffer and were 
not measured. 

A two-wheel-drive, rubber-tired tractor, having a ground 
pressure of 16 psi. was driven between rows of alder and locust 
harvested by shearing or sawing to simulate the effect on the soil of 
harvesting equipment. Treatments included 0, 2, 6 o r  10 passes over 
the soil. Compaction treatments were conducted when the soil 
moisture was approximately 15.5 percent. Based on a previous 
study (Gaultney, 1980), the potential for soil compaction is greatest 
in the range of 17 to Id percent soil moisture for this Fincastle siit 
loam soil. Immediately following the compaction treatments, soil 
compaction was determined between rows (in the vehicle track) and 
within rows of stumps (not  in the vehicle track). Compaction, as 
measured by a cone penetrometer, was taken at three depths, 0-7 
cm, 9-15 cm and 27-33 cm with three replications for each sample 
depth. 

Compaction and Sturnp Damage Evaluation 

To measure the influence of compaction on stump productivity, 
data was collected on the number of sprouts per stump and height 
of the dominant sprout. The statistical design was a completely 
randomized design with 3 replications for each compaction 
treatment with 10 observations per replication. Data was analyzed 
by analysis of variance and inean values for significant variables 
were separated by Duncan's new multiple range test. Damage to  
stumps may be caused by the tires or tracks of the carrier. T o  
assess this damage and its impact on stump productivity, designated 
rows of alder and locust harvested by each of the stem severing 
methods were subjected to  four passes by either a tracked vehicle or 
a rubber-tired tractor. Damage was assessed immediately and 
placed into one of four categories (Table 2). The number of sprouts 
per stump and the height of the dominant stem of each s tump were 
used to estimate the influence of stump damage on productivity. 
Data were analyzed by analysis of variance and means of signficant 
treatments were separated by Duncan's new multiple range test. 

T o  saw the trees a standard chainsaw was used. Shearing 
required construction of a prototype shear that would se%er the tree 
(fig. 1). Rows of trees within a plot being harvested by the same 
method, chainsaw or  shear, were cut at approximately six inches (1.5 
cm) above ground level (fig. 2). Fresh weights were determined for 
all trees within a plot being harvested by the same method. 



Table 2, R a t ~ n g  scheme for darnage rnflicted 
on harvested stumps caused by rubber-tired 

or track tehlcles. 

Code T5pe of Damage 

0 Yo Damage 
I Slnght [)amage (mtnrmai damage to stump) 
2 Moderate Damage (up to 50'1 of the bark 

iossened o r  remoked, stump moleable) 
3 Heavy Damage (more than S0ic of the hark 

loosened o r  r e m o ~ ~ e d ,  stump spilt, and 
dislodged and,  or roots uplifted. 

Figure I .  Hydraulic shear used t o  sever stem 15 em above the 
ground. 

Stumps In selected rows %ere intentionally damaged by a sna11, 
steel tracked, dozer. A pass down the roMi and back was used to  
simulate rnts~ernent of the machine in a harvesting operation. 
Simliaric. stumps in other rows were scraped or run o%er with the 
rubber tires of a medium-si~ed Ford tractor. Again. a pass down 
the row and back was used to simulate movement durrng harvest. 

Hsrvester Simulation 

Seien iariables were setected as representing the important 
parameters that govern the performance of a self-propelled woody 
biomass hartester. These ~ar iab les  are: speed, width, weight, price, 
power, tractne effort. and hours of operation per year. An 
sptrmizlng s~mulat ton model was developed for a ivoodj~ biomass 
harvester us~ng'successlte linearization as per the method used by 
Grririth and Stewart in their OPTLIB model. This s~mula to r  was 
used to determine optimum general harvester specifications. 

RESULTS 

Chainsaw Versus Shearing 

Method of harvest had no significant influence on coppice dry 
matter production of indiv~dual stumps or the stem:foliage weight 
ratlo which averaged 0.54 kg per stump and 1.58, respectively. 
However, total coppice dry matter produced per stump tended t o  be 
greater for the sheared stumps at the I x 1 (0.53 vs 0.32) and 0.5 x I 
m (0.47 vs 0.36) spacings, A summary of the influence of 
chainsawlng and shearing on growth parameters of alder coppice is 
presented in Table 3. 

Injuries from Tractors 

Tracked vehicles caused more stump injuries than rubber-tired 
vehicles for both tree species tested (Table 4). Black locust tended 
to incur more damage than alder for each of the treatments tested 
but a X"oodness of fit test indicated no significant difference. The 
trend for more stump injury in locust may be a result of a n  
inherently lower wood moisture content which can cause the bark 
and stemwood to  split under stress. The alder stumps were not as  
easlly dislodged as the locust but did experience more separation of 
the cambial tissue from the wood. 

Productivity of the stumps were inversely related to  s tump 
damage though productivity significantly declined only for stumps 
assessed as being heavilt* darnugod (Table 5). The productivity of a 
stump within a damage category was not influenced by the method 
used to  inflict the damage. Consequently, productivity within a 
partrcular damage category is averaged for tracks and rubber tires. 
The ~njurq inflicted on the stumps resulted from four passes with a 
metal tracked or rubber-tired vehrcle. It 1s unl~kely that such 
deliberate and extensive damage %ill occur in a n  operational mode. 
However, 11 IS apparent from the data that damage must be In the 
moderate to heavy category before a reduction in stump productivity 
IS obseried. 

Figure 2. Stump from tree that has been sheared at 15 em height. 



Soil Compaction 

Table 3. Summary of the influence 
method of hartest on  the growth para- 

meters of coppice for European black alder. 

Spacing 0.5 x I n1 
Method of 
Harkestlnk 

kirrruhle 
Sprout Height (cm) 
Number of Sprouts 
Dry Wt (Stem) kg 
Dry Wr (Fol) kg 

Total (Dry Wt) kg 
Stem/ Foliage 

Spacing I x 1 m 
Method of 
Harvesting 

Variable 
Sprout Height (cm) 
Number of Sprouts 
Dry Wt (Stem) kg 
Dry Wt (Fol) kg 

Totai (Dry Wt) kg 
Stem; Foliage 

Chainsaw Shear 
145 135 
16.1 18.4 

0.306 0.236 
0.169 0.143 
0.475 0.379 
1.81 1.65 

Compaction resufts from cone ~nde-., readtngs, figures 3 and 4. 
dnd bulk density measurements, figure 5 ,  giie general indrcatlons 
that so11 strength (cone index) and sot1 densztj (buik  densttb) 
mcreased 1~1th the number of passe:, made by the agrlculturaI tractor 
tire. Different soil conditions existed i n ~ t ~ a i l >  at dtfierent depths o n  
Plot 6 ( f ~ g .  3f as the cone index readings dropped from 2 inches (5 i 
cm) down to 6 inches (15.35 cm) but d higher redding \bas found at 
the 12 inch (30.5 cm) depth. I he sit;! condition at the 12 inch depth 
1s dttrlbuted to agrlculruraI piowing of the soil in prlor t ea r \  that 
developed a compressed pan of sod a t  that depth 

On Plot 6 ail soil depth\ shoued an  Increase In penetration 
resistance as recorded by the cone penetrometer wrth ~ncreased 
passes of the agrtcuitural tractor over the so11 w ~ t h  two exceptions. 
At the 6 inch depth and 6 pas\es and at the 12 Inch depth and 6 and 
10 passes. 

The soil in Plot 7 was of different physical condition than Plot 6 
as evidenced by lower penetration resistance. Initial cone index 
readings were lower, ranging from 125 to 144 psi for the 2, 4, and 6 
inch depths as compared to 190 to 268 psi for the same depths in 
Plot 6. With succeeding passes over the soil by the agricultural 
tractor tire, cone index readings increased (fig. 4) a s  they did in the 
previous area, Plot 6. The 12 inch depth again had higher readings 
indicating a hard pan. 

Spacing 2 x 1 m 
Method of 
Harvesting 

Variable 
Sprout Height (cm) 
Number of Sprouts 
Dry Wt (Stem) kg 
Dry Wt (Foi) kg 

Total (Dry Wt) kg 
Stem/ Foliage 

Chainsa w Shear 
1 1 1  116 
18 20 

0.18 0.18 
0.15 0.12 
0.33 0.30 
1.20 1.50 

Harvester Simulation Results 

Table 4. influence of metal-tracked o r  rubber-tired 
vehicles on the damage inflicted on 15 ern stumps of 
locust and alder. Values represent the frequency (R) 

that a particular level of damage is present. 

Damage Metai Tracks Ruhher- Tires 
Classification Locust Alder 

None -- -- 10 15 
Slight 20 20 50 55 

Moderate 30 3 5 25 20 
Heavy 50 45 15 10 

Soil bulk densities, figure 5, showed the general trend of soil 
compaction with increasing passes. 

Increased soil conipaction from multiple passes af the 
agricultural tractor over the plantation soil is reflected in reduced 
height of one year old coppice (Table 6). Zero and two passes 
showed no significant difference in number of sprouts or sprout 
height, nor did six and ten passes. However, six and ten pass sprout 
height was less when compared to zero and two pass growth. In 
effect, compaction did reduce sprout height after more than two 
passes. From a design standpoint, production will be reduced after 
more than two passes, hence ground pressure from the harvester 
tractive component (tires or tracks) and repeated travel over the site 
should be minimized. Put another way, the contact patch with the 
ground of tires or tracks should be maximized up to  the point of 
incurring damage from limited maneuverability due t o  the tractive 
component width. Tracks, due to their larger contact patch, would 
be the logical choice (fon11' c.umnpac.rion were considered. 

The optimization model OPTLlB was used with selected 
harvester operating variables to  determine different combinations of 
design parameters for such a machine. 

Variables used: 
XI = Harvester Speed 
X2 = Width 
X3 = Weight 
X4 = Price 
X5 = Horsepower 
X6 = Tractive Effort 
X7 = Hours of Operation (annual) 

The oterall strategy is to produce wood chips a t  the lowest 
possible cost. T o  d o  this a machine must be matched to  the 
optimum operating conditions. With the seven variables defined an  
equation describing cost of producing chips with a harvester is 
formulated. This equation is: 

MINIMIZE: Machine Cost Per Year: Tons 
Harvested Per Year 



Table 5. Influence of stump damage on the praductlvitj 
of I year-old coppice of locust and alder. 

Lo( usr A ider 
Damage Stem HI. Number of Stern Hr. Tumber of 

Classtfication ( c m j  Sprouts Stump (cmt Sprouts Stump 

hone 146a1 I 0a 157a 15a 
Slight 143a 7a lhla 16a 

Moderate 107ab 9a 1 17ab 14a 
Heavy 49b 4b 69b 8b 

Values for a particular tree species and productivity variable 
not followed by the same letter are significantly different 
by Duncan's new multiple range test ( a  =: 0.05). 

Table 6. Effect of soil compaction(number of passes) on the 
productivity (height and number of sprouts) of lyear old coppice of 

black locust and European black alder. 

Number of Passes 

0 2 6 10 
Locust Alder Locust Alder Locust Alder Locust Alder 

f-ieight (cm) 137a' 151a 130a 14% 87b l0Ib 56b 91b 

Number of 
Sprouts 9a 15a 7a 15a 10a 12a 8a I la 

'values for a particular characteristic for each species not 
followed by the same letter are significantly different by Duncan's 
new multiple range test ( a  -- 0.05). 

NOTE: There was not an influence of har%esting as a main or interactive variable 



NUMBER OF PASSES 
F~gure  3. Soil compaction as lndlcared by cone ~ n d e x  values lo r  mulirple passes oter  the sod by ail 

agr~cul tura l  tractor (Plot 6) 

NUMBER OF PASSES 

Figure 4. Soil compaction as  indicated by cone lndex iaiuri for muirtple paaies (I'iot 7). 

6,O 8-0 10-0 32,O 
DEPTH BELOW SURFACE (INCHES) 

Figure 5. Effect of machine passes on bulk density of the soil. 



T h ~ s  basic eyuattitn results in $ ton and can be rewrttten in terms of 
the barrabies glii~ng the objective function to  be opt iml~ed.  

OBJECTIVE FC\CTIOX =. MI\ :  
(0. i t 483*X4+0.015*XS*X7+3.373*X?) 

- ( X  I(X2">(7)) 

Ccing the relat~onships dcscrtbed aboce the objective function is 
subject to the foitow~ng constraints: 

a. WEIGHT = 109.6 * H P  

b. H P=.00267*TE*SPEED+35.1647+SPEED*WIDTH 
+ .606097*U'f DTH 

c. T E  --- 0.22 ilt WEIGHT 

b. PRICE = 250. W H P  

Inittally five starting points were determined to make sure the 
program would converge on the global oprimunl if there was one. 
The five polnts picked were scattered throughout the feasible regions 
defined for the objective function. 

Initial runs irrdicated there were several local optima and the 
algorithm converged differently depending on the initial starting 
point. Although several optima were found, obvious trends in 
S P E E D  and WIDTH were discovered. Slow speeds resulted in the 
optimum solution throughout ail horsepower ranges. Similarly wide 
machine widths were present in all results. This indicates the best 
machine should incorporate a cutting head that is as wide as 
possible and be designed to  harvest at a slow speed near one mile 
per hour. 

Other parameters like weight, price and tractive effort increased 
with horsepower as their defining equations dictate. Hours 
operating per year were the same for all runs indicating a minimum 
for hours in the objective function. Horsepower at the optimum 
differed depending on input coi~ditions indicating the objective 
function contains many optimum points which the algorithm 
converged on  depending on initial proximity to the point. The most 
important result is the net cost per ton to produce wood chips. A 
trend of decreasing production cost with increasing machine size is 
present and was somewhat expected since this is a common 
phenomena in agricultural operations. The initial results indicated a 
machine width much roo wide to  travel on a conventional highway 
so  the upper bound on width was lowered to eight feet. 

Results s f  the second analysis were identical to  the first except In 
var~ables S P E E D  and WIDTH At the limited width of eight feet rn 
this run, the speed was increased to  satlsfj the constraints and the 
same horsepowers were found to  be opttmum even a t  these different 
speed and wldth combinations. The net result of imposing narrower 
w ~ d t h  restrictions than found optimum was a h~gher  cost per ton of 
wood chips produced 

Investigation of possible tire combination to  work with the above 
machrne parameters produced a Ilmitat~on on machlne weight be lo~ i  
the ~ n ~ t r a l  estimate. Combining this restrtction with tire performance 
charts the maximum welght of an  eight foot wtde harvester must be 
llrntted to 26,6063 Ibs 

The program converged on the same solution as before instead 
of findzng another feasible local optimum between 220 H P  and 254 
HP.  This indicates there is no other optimum sofution between 
these talucs. The selection of the fbllowing design parameters is 

suggested based on this analysis. 

I .  SPEED: .?3 mph 

2. WIDTH: 8.0 feet 

3. WEIGHT: 24189 Ibs. 

4. PRICE: 55176 dollars 

5.  H.P.: 220 

6. TRACTIVE EFFORT: 5321 1bs. 

7. HOURS: 1167 operate per year 

8. PREDICTED COST: 2.07 Si, TON 

The alternatives considered in t h ~ s  study - tracks vs wheels, s a u s  
vs shears, and comb~nations ot welght, horsepower, and speed - 
result in general specificat~ons for a harvester for short rotation, 
rntensltely cuiture'd (SRIC? tree species for energy plantat~ons. 
While these specifscattons should be used with caution, they d o  gtve 
indicators for des~gn  of a hartester to  be used on S R I C  eneqgy 
plantattons composed of alder or black locust, planted on one meter 
spacings, in silt loam soils in mid-western locattons. General 
specifications for such a harvester are given in Table 7. 

Tabie 7. General Harvester Specifications. 

Severing Method: Saws or  Shears 

Vehicle Traction Method: Pneumatic Tires 
Tire Section Width: 24.5 in. (62 cm) 
Tire Design Diameter: 7 1.0 in. ( 180 cm) 

Vehicle Operating Speed: 0.73 mph ( I .  17 kph) 

Harvesting Width: 8 ft. (2.4 m) 

Machine Weight: 24,189 Ibs. (10,536 kg) 

Machine Power: 220 Hp (164 kw) 

For  a harvester with a cost of $55,176.00, this unit would 
produce energy wood at a cost of $2.07 per ton ($2.28 per tonne). 
Severing method could be either by chainsaw or  by shear though a 
sawing method would be more conclusive to continuous motion of 
the machine through the plantation (shearing would necessitate 
stopping the machine o r  a complex relatite motion shearing head 
design). 

CONCLUSIONS 

Method of harvest (sawing or  shearing) had n o  significant 
influence on  coppice dry matter production of individual stumps, 
however, shearing of the I x I and 0.5 x 1 meter spacing produced 
more dry matter from sprouts than shearing at other spacings o r  
sawing a t  any spacing. 

Tracked vehicles caused more stump damage than rubber-tired 
vehicles for both species tested. Productivity of the stumps was 
in~ersely related to stump damage though productivity significantly 
declined only for stumps assessed as being heavily damaged. 



Succeeding passes of the pneumattc ttred tractor over 
randomized subplots resulted In increased soil strength and densltq 
doun to 1 5 . 2  cm. Compact~on did not effect the number of sprouts 
produced a t  0, 2, 6, or 10 passes but did srgniflcantly affect (reduce) 
sprout height at 6 and 10 passes. 

Cs~ng a n  optimlzat~on technique OPTLIB, an analysts was made 
to de t e rm~ne  parameters for the design of a SRIC blornass hartester. 
The results of this opttmizatlon analysis gave the foilowtng des~gn 
parameters: 

Speed: 
Width: 
Welght: 
Price: 
Horsepower: 
Tractive Effort: 
Operating Hours: 
Predicted Cost: 

0.73 mph (1.17 kph) 
8.0 feet (2.4 m i  
24,189 ibs. (10,536 kg) 
55,176 dollars 
220 f 164 kw) 
5.321 lbf (23,668 3 )  
1,167 per annum 
2.07 $ 1  green ton 
(2.28 $1 tonne) 

The analysis showed that the best tractive means was by 
pneumatic tires, though this is a compromise. 
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fistract,--FnrlcFameprt plantlngs of cherrybark oak on 
bottomland t r a c t s  in South Caro l ina  were "sllowed through 
four growing seasons ,  One a r d  two-vear-old oak s e e d L j ~ g s  
w e r e  planted iv c l e a r c u t  an2 sheltemyood c u t  blocks which 
were  disked p r i o r  t o  p l a n t i n g .  Seme s e e d l i n g s  were r e L e ~ s e d  
from unders to ry  compet i t ion  by h e r b i c i d e  spraying.  Seedlings 
pla~ted in areas i n i t i a l l y  c l e a r c u t  a r e  now under keavy corn- 
p e t t t i o n  regardless of early a t t e m p t s  at competir lon c o n t r o l .  
Competition was e f f e c t i v e l y  c o n t r o l l e d  for only  two years  by 
t h e  herbicide t r ea tment ,  h smal l  p ropor t ion  (207: of t h e  
seedlings p l a n t e d  i n  c l e a r c u t  a r e a s  are taL? enough (12-15 f t )  
t o  appear  t o  be ho ld ing  t h e l r  o m  among t h e  compet i t ion ,  
S e e d l i n g s  p l a n t e d  i~ t h e  shelterwood c u t  a r e a  a r e  3-6 f t  t a l l  
but many are overtopped by compet i t ion  where the o v e r s t o r y  was 
removed early (a f te r  a  y e a r ) .  Seed l ing  su rv iva l  averages 
?bout 502 f o r  ax?. t r e a t m e n t s ,  

INTRODUCTION 

Although there i s  an zbundant supply of 
harbwooes i n  t h e  United S t a t e s  today ,  t h e  supply 
of o u a l i t y  hardwoods appears t o  be d i n i n l s h i n g  
whLle the demand f o r  quality harewood produc ts  
i s  increasing (PcGarlty 2989, White 1 9 P O ) ,  Many 
hardwoods are s u i t a b l e  only For s p e c f ~ s - s p e c i f i c  
markets w h i l e  those  a u a l i t y  hardwoods t h e t  are 
g e n e r a l l y  sujtab3.e fox a var i e ty  of markets are 
beconing scarce o r  less accessible f D u t r n w  
19ao>,  

I n  t h e  h i r e d  S t a t e s ,  l.4 b i l l i o n  cub ic  f e e t  
of wood i s  consumed each year, Tkc hardwood 
component of t h i s  eonsumption Is 25 percent ,  An 
i n e r e a s lng  demand for wood has beex filled mainly 
by r e ly ing  on softwoods (Knight and Eilmon 197R), 
A dec l fne  in softwood regenera t l sn  an8 an expand- 
ing market f o r  hardwoods, f,e,, f u e l ,  chemical 
and fiber products, w111 place an increas ing  
demand on the hardwood resource  (Dtr trow 1980), 

ii~pper presented a t  Southern Silvi- 
cultural Research G o ~ f e r e n c e ,  A t l a n t a ,  Georgia, 
November 7-8, 1984, 

' A s s o c i a t e  P r o f e s s o r ,  I n s t r u c t o r ,  an3 
Fomer  Graduate S tudent ,  Pepart~ent of Fores t ry ,  
College of F o r e s t  and Reereation Resources,  
Clearson Universbty, CPemson, South Caro l ina ,  

In t h e  South, 55 t o  58 percent of the c o m e r -  
c i a 1  f o r e s t s  are hardwood and over ka3f of t h e  
hardwoods h a r v e s t e d  a r e  from FettomLands lLinde 
1980), Eardwood-using i n d u s t r i e s  o f  the South 
have Found t h a t  over  t h e  past 15 years, while t h e  
need f o r  oua l - i ty  hardwoods has increased, locab 
sources have decreased due t o  pas t  cutting 
p r a c t J c e s  and land use changes (McGarity 1980), 
The Lack of q u a l i t y  hardwoods, e s p e c i a l l y  t h e  
o a k s ,  i s  of i n c r e a s i n g  concern (Butrow l980) and 
c u r r e n t  r e g e n e r a t i o n  p r a c t i c e s  i n  bottomland 
s t a n d s ,  c o n s i s t i n g  prifnardly of c l e a r c u t t i n g  o r  
group s e l e c t i o n  c u t t i n g ,  a r e  n o t  c o n s i s t e n t l y  
p rov id ing  for es tab l i shment  of q u a l i t y  oak s tems,  

W h e ~  advanced oak reproduc t ion  o r  q u a l i t y  oak 
sprouting is inadequate, hot ton land  s t a n d s  fomerly 
c o n t a i n i n g  an appreelable oak component are regen- 
e r a t i n g  t o  fast-growing,  l ight-seeded species such 
as e l m ,  ash, hackberry, cottonwood, and sweetgum 
after cJeareut-ting, liiany stands on SottornIan2 
s i t e s  capable  of ~upporring quality oak growth  no 
longer  have an oak component in the overstory, 
A r t i f f c i a 1  r e g e n e r a t i o n  of oaks mag be necessary 
where t h e r e  Is laadequate advance reproduc t ion  
p r e s e n t ,  where a poor ly  s tocked stand already 
e x i s t s ,  or w h e r e  i t  is  n o t  p r a c t i c a 3  t o  w a i t  until 
a d v a ~ c e  reproduc t ion  takes  p l a c e  (Johnson 1979, 
P u s s e l l  L971), Fowever, p l an t i ng  such s t a n d s  t o  
oak a f t e r  c l e a r c u t t i n g  i s  f e a s i b l e  i n  on ly  a f e w  
s i t u a t i o n s  where fntensive management i s  economi- 
c a l l y  p r a c t i c a l .  0 ~ 1 y  12 t o  15 percen t  of t h e  
Coas ta l  Plain hardwood f o r e s t  area i s  s u i t a b l e  f o r  
in tens ive  hardwood culture fZinde 1980). 



S i n c e  the slow e a r l y  growth of p l a n t e d  oak 
s e e d l i n g s  an2 the i n t e n s e  c e n p e t i t l o n  of sprouts, 
vines and weeds on the cypicah bottomland site 
usually n e c e s s i t a t e  r i go rous  and expensive eom- 
p e t i t i o n  c o n t r o l ,  other ~etkobs of e s t a b l i s h i n g  
q u a l i t y  oaks i n  these stands need to be evaluated, 
h e  method t h a t  migh t  solve t he  compet i t ion  
problem i n v o l v e s  p l a n r i n g  oaks under an overstory 
o r  p a r t i a l  o v e r s t o r y ,  such as ~ h e i t e r w o o d ,  prior 
to f i n a l  h a r v e s t  of the s t and ,  Such p l a n t i n g  
f ~ l t a t e s  t h e  n a t u r a l  development of advanced 
r e p r o d u c t i o n  i n  t h e  unders to ry  which i s  important  
for r e g e n e r a t i o n  of oaks ('Fihlte 1980, Johnson 
1979, Clark and Watt 2971). This  type of p l a r t -  
i n g  .Is intended to '%enrich" the s p e c i e s  composi- 
t i o n  of t he  stand w i t h  q u a l i t y  oaks, r a t h e r  than  
t o  e s t a b l i s l i  ii pure oak s t a n d ,  "Enrichment" 
p l a n r i n g s  might provide a v i a b l e  oak compsneEt 
a t  s t a nd  m a t u r l t y  wfthnur t h e  high expense of 
ln rens ive  competi t ion c o n t r o l  a s s o c i a t e d  with pn 
oak ""Flankation." To e n r i c h  the s p e c i e s  eompssi- 
tion of a stand t h e  s u r v i v a l  t o  m a t u r i t y  of 15-20 
wel l - spaced  oak trees per a c r e  may provide an 
adequate q u a l i t y  s m t i m b e r  component (Johnson 
1980) ,  

The overall objective of t h i s  s tudy  was t o  
e v a l u a t e  t h e  p o t e n t i a l  of enrichment p l a n t i n g  of 
oak s e e d l i n g s  in bottomlard stands for improving 
t h e  q u a l i t y  of s p e c i e s  eompasitisn where a 
viable s o u r c e  of oak reproduc t ion  is no P ~ n g e r  
p r e s e n t .  Addi t iona l  objectives were to e v a l u a t e  
low-cost competi t fon control .  methods such as 
p r e h a r v e s r  d i s k i n g ,  herbielde application and 
Leaving a p a r t i a l  e v e r s t o r y  (shel terwood) i n  
establishing t he  p lan ted  oaks as a permanent 
s tand  component. 

The s t u d y  area c o n s i s t s  of a first bottom 
s t a n d  of 70 to 86-year-old hackberry,  elm, 
sycamore, boxe ider ,  and green ash with an 
u n d e r s t o r y  of dense g r a s s e s ,  swi tch  cane, and 
s c a t t e r e d  p r i v e t  hedge adjacent t o  t h e  Wateree 
River in Kershaw County, South Caro l ina .  The 
s i t e  i s  a red r i v e r  bottomland t h a t  was once 
pastureland, but t h a t  has reverted t o  a dense 
hardwood f o r e s t  w i t h  f e w  unders tory  trees o r  
shrubs over the past cen tury .  The s o i l  is a 
deep,  well-drained, f e r t i l e  Congaree series (a 
fine-loamy, mixed, nonacid, t h e m i c  t y p i c  
Udifbuvent)  subjected t o  occasional f l c o d f n g  of 
short duration and havFng considerable microsire 
variation due to changes in surface soil texture 
and drainage features such as sloughs, o l d  
d r a i n a g e  ditches, shaallow basins and low ridges, 
S o i l  pH (cop  6 Inches) ranges from 6-0 t o  6.3 
and organic matter from 7 to l i  percent, The 
site is well-suited for growing bottomland oaks 
and other v a l u a b l e  hardwoods. The s tudy  a r e a  i s  
owned by Mr, F r a n c i s  Biedler, Jr, and managed by 
the M i l l i k e n  Fores t ry  Company of Columbia, South 
Carolina, key cooperators i n  the  s tudy ,  

Four experimental  condltlans were imposed 
on the s t a n d  fn 5-acre blocks, Two blocks were 

c l e a r c u t  and t w o  Flocks were cut to a shel temsod 
w i t h  4n-50 f t '  basal area (BAS of residual over- 
stcry. One o" the clearcut blocks and one of t he  
shelterwoo$ blocks were d i s k e d  pr4nr  t o  c u t t i n g  t o  
i n t e r r u p t  t h e  wel l -es tab l i shed  grass sod and 
overstorv root E a t ,  Four circular ope-fifch acre 
p l o t s  were svstemat2calLy e s t a b l i s h e d  I n  each of 
the f o u r  5-acre blocks for evalnxting the ~ a t u r s . 1  
r e g e v e r a t i o n  Following c u t t i n g ,  A f t e r  cutting, 
one ha l f  of each Efqth-acre p l o t  was b a r - s l i t  
p lan ted  i n  March, 1919 with 2,0  bare r o o t  
cherrybark oak seedlings iouercus falcaea var,  

1 obta ined  from the F i s s i s s l p p l  State 
Unfvers i ty  Sursery a t  Starkville, Mississippi, 
The s e e d l i n g s  were planted a t  a 15 by 15 f o o t  
spacing resulting i n  twenty s e e d l i n g s  per 
t en th-acre  o r  an approximate simuLated s t o c k i n g  of 
200 seedlings per acre, 

F e i g h t ,  basal diameter and survival of the 
planted s e e d l i n g s  were measure6 a f t e r  two growing 
seasons. A t  t h i s  t ime,  a h e r b i c i d e  competition 
c o n t r o l  s t u d y  was i n i t f a t e d  to r e l e a s e  s eed l ings  
From overtopping cornperition (hTcodrum 1982). In 
Flay, 1981 a 2 percen t  v/v mExture of cormerc ia l  
g lyphosa te  h e r b i c i d e  and wate r  was d i r e s t  sprayed 
on t h e  f o l i a g e  of competing vegetation in a 
1-meter radius around one seedling of each of 
15 p a i r s  of seed l ing9  s e l e c t e d  i n  each s f  t he  four 
t r ea tment  blocks, The s e e d l i n g s  were paired 
according t o  apparent vigor (height) and one of' 
each p a i r  chosen f o r  h e r b i c f d e  r e l e a s e  by coin 
toss. The seedlings were p r o t e c t e d  wtth a plastic 
s h i e l d  and herbic ide  s o l ~ t l o n  was a p p l i e d  w i t h  a 
pressurized hand sprayer to f u l l  w e t t l n g  of the 
foliage of competing vegeta t ion  around the 
seedling, requiring an average of 270 ml of 
k e r b i c i e e  and wate r  p e r  s e e d l i n g ,  A t  t h e  g l a n t l n g  
d e n s i t y  of 200 seedlings p e r  acre simulated by 
this study, approximately 1.1 l i t e r s  1,?8 g a l )  of 
c o m e r c i a l  g lgphosa te  h e r b i c i d e  would be used per  
a c r e ,  At the end of the growing season IOctober ,  
1 9 8 f ) ,  seedling height, basal diameter and growth 
-were measured and comparisons were made among t h e  
r e s u l t s  of overstory treatments and t h e  mechanical 
and chemical vegetation c o n t r o l  treatments, 
Analys i s  BE variance acb Chi-square cont ingency 
t e s t i n g  were used t o  s t a t i s t i c a l l y  test treatment 
mean d i f f e r e n c e s ,  

Concurrent w L t h  t h e  above t r e a t m e n t s ,  four 
o t h e r  5-acre treatment blocks were LnstalLed in 
another  p a r t  of the  same t r a c t ;  two were c u t  to a 
derse shelterwood (80-90 't' BA) and two were 
d i s k e d  p r i ~ r  to cutting t o  a sheLtemosd and a 
large adjacent  area W P S  clearcut, Again, f o u r  
o n e - f i f t h  acre plots were established dn each 
treatment block, except that %,O instead of 7,0 
bare root  cherrybark oak seedl ings were planted at 
15 x 15 foot spacing on cne-half of each p l o t  in 
March, 1980, The residual overstory was removed 
from a l l  the shePtemcod blocks a f t e r  three 
growing seasons, Seedling height and survival 
were measured af te r  one and f o u r  growing seasons 
(one year a f t e r  planting ard one year a f t e r  
overstory removal, respectively), Csrnparlsons of 
s e e d l f n g  heights and su rv iva l  were made only among 
the s h e l t e m o o d  treatments tborh d i sked  and 



undisked) as the cle~rcut area was already one 
growing season in the "rough" at the time of 
planting and was not planted. 

Table 2. Height, Diameter and Growth of 2,O 
Planted Cherrybark Oak Seedlings During and 
After Third Growing Season on1$ Red River 
Bottomland in South Carolina.- 

REPU3;TS AND DISCUSSION 

After two growing seasons, both the over- 
story and understory treatments significantly 
affected the growth and survival of planted 2,O 
cherrybark oak seedlings (Table 1). Preharvest 
disking improved survival of the 2,0 seedlings 
dramatically with disked plots averaging 
79 percent stlrvival compared to 39 percent for 
plots not djsked. Seedling height was also 
improved by preharvest disking with disked plot 
seedlings averaging 87 cm total height and 
undisked seedlings averaging 75 cm total height 
irrespective of overstory treatment. Complete 
removal- of the overstory significantly improved 
seedling basal diameter growth, but onJ-y on 
plots that had preharvest disking. Clearcutting 
seemed to improve seedling height growth over 
that of shelterwood conditions in the undisked 
blocks, 79 ern versus 72 cm, respectively, but 
the difference was not statistically significant. 

Table 1.  Height, Diameter and Survival of 2,0 
Planted Cherrybark Oak Seedlings After Two 
Growing Seasons on Red River Bottomland Site 

17 in South Carolina.- 

Preplant iq Heigh?' Basal Dim. Survival 
-7 (cm) Treatment- (mm? ( % I  

1 /  means are of 80 seedlings per treatment. 
- Treatment codes are as follows: SW - 
shelterwood, SD - shelterwood with preharvest 
disking, CC - clearcut, CD - clearcut with 
gfeharvest disking. 
- Column ~ralues adjacent to same letter are not 
significantly different at the .05 level. 

After the third growing season, differences 
in seedling development among treatments were 
striking, with both disking and complete over- 
story removal (clearcutting) contributing 
substentially to seedling response (Table 2). 
Seedling total height was significantly greater 
in the clearcut plots than in the shelterwood 
plots, 164 em versus 103 em, respectively, and 
though not statistically different, the disked 
shelterwood appeared to permit greater seedling 
height, 191 cm, than did the disked clearcut, 
179 cm. Nevertheless, the disked treatments 
significantly improved overall seedling height 
growth over that of undisked treatments. 

Height Diameter 
Preplantiqe l3eight2/ Growth Diameter Growth 
Treatment- (em) (cm) (mm) I=? 

&/?feans are an average of 24 seedlings per 
eatment . 

ifSW - shelterwood, SD - shelterwood with disking, 
- clearcut, CD - clearcut with disking. 

3Column values adjacent to same letter are not 
significantly different at the .05 level. 

However, the disked shelterwood treatment retained 
an overstory for only one year after the seedlings 
were planted as a tornado resulting from a coastal 
hurricane nearly completely leveled the residual 
overstory on these plots. This perhaps explains 
why all treatments showed much better seedling 
diameter and height growth than did the shelterwood 
without djsking as it was essentially the only 2,0 
seedling treatment with an overstory for any 
substantial time period (three years). 

Ferbicide competitior control proved to be a 
mixed blessing as release from competing vegetation 
inhibited height growth of planted seedlings while 
improving diameter growth, irrespective of over- 
story treatment (Table 3). Herbicide-released 
seedlings exhibited a discernible increase in 
lateral branch and foliage development and, 
although no actual measurements of these parameters 
were made, the significant increase in basal 
diameter of released seedlings would seem to 
verify the development of a greater photosynthetic 
activity. A few seedlings were killed by herbicide 
drip from overtopping vegetation and released 
seedlings were more frequently browsed by deer 
than were unreleased seedlings. For these reasons, 
12 of the 60 seedling pairs were eliminated from 
the experiment. Casual observation indicates that 
the herbicide treatment effective?? reduced compe- 
tition for only 2 growing seasons after applica- 
tion, as competing vegetation rapidly reoccupied 
the small treated area around the seedlings. 

The results of the 1,0 seedling planting 
trials were a great surprise as survival after one 
growing season averaged 85 percent despite the 
extremely small initial size of the seedlings 
(average height of 30 cm) used in the experiment 
(Table 4). Preharvest disking improved first year 
survival of planted seedlings, 91 versus 
79 percent, but did not affect height after 



Table 3  - Height ,  Diameter and Growth Response 
of 2 , 8  Planted Cherrybark Oak Seedlings t o  
Werbic ide  Competition Cont ro l  During and Af t e r  
Third Growing Seaspq on a  Red River Bottomland 
i n  S o u t h  Carolina.- 

Height Diameter 
13eight2' Growth Diameter Growth 

~ r e a t m e n t ~  (cm) (cm) (m) 

H e r b i c i d e  157.0a 42.3 19.7a 7.7 
Cont ro l  172.3b 58.5 17.7b 6.0 

1'Mean.s a r e  of 48 s eed l i ngs  pe r  t rea tment .  
L 'Herbicide t reatment  was a  glyphosate,  d i r e c t  
f o l i a r  s p r a y  t o  we t t i ng  of 1  meter r ad iu s  around 

ch s e e d l i n g .  
3'Column va lues  ad jacent  t o  same l e t t e r  a r e  no t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 l e v e l .  

Table 4 -  Height and Su rv iva l  of 1 , O  Cherrybark 
Oak S e e d l i n g s  Af te r  One and Pour Growing 
Seasons  o  a  Red River  Bottomland i n  South P / Caro1lna.- 

P r e p l a n z i q  Height (cm)- 3/ s u r v i v a l  (%) 
1 y r .  4 y r s .  1 y r .  4 y r s .  Treatment- 

& / ~ e a n s  a r e  of 136 s eed l i ngs  pe r  t rea tment  a f t e r  
ye a r  and 45 s eed l i ngs  a f t e r  4  yea r s  i n  f i e l d .  

- shel terwood,  SD - shelterwood w i th  
e h a r v e s  t d i sk ing  .  column va lue s  ad jacent  t o  same l e t t e r  a r e  no t  

s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 l e v e l .  

one y e a r  nor  he igh t  o r  s u r v i v a l  a f t e r  f ou r  yea r s  
i n  t h e  f i e l d ,  t h r e e  yea r s  of which were under a  
f a i r l y  dense  overs tory  (80-90 f t 2  BA). Seedling 
h e i g h t s  averaged 92 cm and s u r v i v a l  averaged 
50 p e r c e n t  a f t e r  f ou r  growing seasons ,  bu t  some 
s e e d l i n g s  a r e  sp indly  and overtopped by g r a s se s  
and v igo rous  sp rou t s  and v i n e s  a f t e r  t h r e e  
growing seasons under t h e  dense ove r s to ry ,  
Removal of t h e  ove r s to ry  r e s u l t e d  i n  some p l o t s  
being t o t a l l y  destroyed a s  logging d e b r i s  and 
equipment passage e f f e c t i v e l y  o b l i t e r a t e d  
s e e d l i n g s  on p l o t s  t h a t  were nea r  load ing  decks. 
Remaining s eed l i ngs  e x h i b i t  good crown develop- 
ment and hea l t hy  f o l i a g e  and i n  many i n s t ances  
a r e  no t  overtopped by competing vege t a t i on .  
Deer browsing and m u t i l a t i o n  of s eed l i ngs  i s  a  
l o c a l i z e d  problem where main animal t r a i l s  pass  
through p l o t s .  Vine growth and v igorous  stump 
sp rou t s  a r e  qu ick ly  overtopping some s eed l i ngs ,  
bu t  o t h e r  s eed l i ngs  (about 50 percent )  a r e  

v igorous ly  growing and may achieve a  dominant 
p o s i t i o n  i n  t he  main canopy o f  t h e  new e tand  i f  
they continue t o  grow a t  a  reasonable r a t e  
(2-3 f e e t l y e a r ) .  Some of t h e  1,0 s e e d l i n g s  (about 
20 percent )  a r e  now i n  excess of 183 crn ( 6  f e e t )  
t a l l  and appear  t o  have g r e s t  p o t e n t i a l  f o r  
keeping up w i th  t h e  competing vege t a t i on .  

Preharves t  d i sk ing  g r e a t l y  improved s u r v i ~ r a l  
and growth of 7,0 cherrybark oak s eed l i ngs  p lan ted  
i n  a r ea s  c l e a r c u t  and cu t  t o  a  she l t emood  over- 
s t o r y  cond i t i o r .  McGarity (1980) c i t e s  a number 
of s t u d i e s  t h a t  have shown t h e  b e n e f i t s  of d i s k  
c u l t i v a t i o n  i n  p l an t i ng  hardwoods, e s p e c i a l l y  
where p l a n t a t i o n  establ ishment  is  t he  o b j e c t i v e .  
The cu r r en t  r e s u l t s  a r e  in format ive  p r i m a r i l y  
because of t h e  preharves t  na tu r e  of t h e  d i sk ing  
and may not  be app l i c ab l e  i n  bottomland s t a n d s  
t h a t  d i f f e r  apprec iab ly  from t h e  s tudy  t r a c t  i n  
unders tory  and overs tory  dens i t y  and composi t ion.  
Fe rb i c ide  competi t ion con t ro l  done 2  y e a r s  a f t e r  
p l an t i ng  seemed t o  a f fo rd  l i t t l e  advantage t o  2,0 
s eed l i ngs  one growjng season a f t e r  a p p l i c a t i o n .  
Seedling he igh t  and s u r v i v a l  were reduced by 
growing under a  shelterwood f o r  more t han  ope 
year .  Beck (1970) repor ted  s i m i l a r  r e s u l t s  f o r  
t h e  growth of n a t u r a l  red oak s eed l i ngs  which were 
subjec ted  t o  s i x  yea r s  of vary ing  degrees of 
unders tory  and overs tory  r e l e a s e  i n  an upland 
hardwood s t and  a t  Bent Creek, North Caro l ina .  
P lan ted  oak s eed l i ngs  probably b e n e f i t  from 
p a r t i a l  ove r s to ry  c o n t r o l  of competi t ion wh i l e  
they e s t a b l i s h  adequate r oo t  systems, bu t  he igh t  
growth w i l l  undoubtedlv be reduced i f  ove r s to ry  
removal i s  delayed longer  than one o r  two yea r s .  
The advantages of delayed competi t ion must be 
weighed aga in s t  t h e  p o t e n t i a l  l o s s  i n  h e i g h t  
growth due t o  t h e  r e s i d u a l  overs tory .  P lan ted  2 , Q  
s eed l i ngs  exh ib i t ed  a  wide range of v igo r .  Af t e r  
t h r e e  growing seasons ,  s eed l i ng  h e i g h t s  averaged 
165 cm (5.4 f t )  bu t  ranged from 36 cm (1 .2  f t )  t o  
370 cm (12.1 f t )  i n  he ight .  Fur ther  r e s ea r ch  i n t o  
determining t h e  reason f o r  t h e  e x c e l l e n t  growth of 
t h e  high v igo r  s eed l i ngs  may i nc r ea se  t h e  p o t e n t i a l  
f o r  success  of enrichment p l an t i ngs  of h igh  q u a l i t y  
oak spec i e s  l i k e  cherrybark oak. 

P l an t i ng  1,O cherrybark oak s eed l i ngs  under  a 
shelterwood overs tory  gave s u r p r i s i n g l y  good r e s u l t s  
a s  s u r v i v a l  averaged 50 percent  and h e i g h t s  averaged 
92 cm (3 f t )  a f t e r  f ou r  growing seasons ( t h r e e  yea r s  
under a  shel terwood).  Preharves t  d i sk ing  provided 
no advantage t o  1,0 p lan ted  seedl ings ;  bu t  i f  
s u r v i v a l  and growth cont inues  i n  t h e  p r e sen t  
manner, such enrichment p l an t i ngs  may provide  a  
s i g n i f i c a n t  component of high q u a l i t y  oak stems 
( a t  l e a s t  15-20 s temslacre)  i n  t h e  mature s t and .  
These a r e  ve ry  e a r l y  r e s u l t s  and d e f i n i t i v e  conclu- 
s i ons  must await  a  10- o r  15-year reassessment  of 
t h e  s t a t u s  of t h e  enrichment p lan ted  s eed l i ngs  
r e l a t i v e  t o  t h e  r ap id ly  developing n a t u r a l  regen- 
e r a t i o n  i n  t h e  s tand .  Rrinard and F ranc i s  (1983) 
repor ted  e x c e l l e n t  r e s u l t s  a f t e r  20 yea r s  where 



cherrybark oak had been p l a n t e d  i n  o l d  fields on 
brown Isam b l u f f s  w l t h  on l y  pteplantjng dfsking 
as coxlpetition con t ro l ,  Codsminnnt trees 13 
t ha t  study averaged 55-65 feet  tall an2 ?00+ trees 
per acre, Fecy planted s e e d l i n g s  ir t h e  present 
study are now taller thac s ix  feet axd, havfng 
survived five years in t he  ffeld, should b e g i ~  
the  rapid h e i g h t  growth (3-4 feet per peer) thee 
characterizes cherrybark oak or goad bottomlazd 
sites, 
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COPPICE REGENERATIOIS GF UPLANE HbRDWODDS FROM iNTENSlVE 

/ WHOLE-TREE H A R V E S T I N G  

James W. ~ c ~ i n d '  

Abstract.--Mixed hardwood-pine stands f n  the Upper Pied-  
moat o f  Georgia were whole-zree harvested down t o  1-inch or 
4-inch diameter l imi t s  in both winter and summer, Coppice 
regrowth was assessed go l lowing  the  second a n d  fourth growing 
seasons a f t e r  harvesting. Early regrowth was s i g n i  ficandi y 
affected by both season and degree o f  biomass removal, with 
the g rea te s t  sprout coverage resu7 t i  ng From the highest degree 
of removal in winter and the l e a s t  frorri the lowest degree of 
removal in summer. A f t e r  Four growing seasons sprout coverage 
was s ign i f i can t ly  affected by in t ens i ty ,  b u t  not by season 
of  harvest ,  Seasonal e f f ec t s  were confounded by pine natura! 
regeneration. The resul ts imp1 y d i f f e r e n t  s t r a t eg ies  For 
conversion t o  conifers  by natural regeneration,  conversion 
by a r t i f i c i a l  regeneration, or f o r  sustained hardwood biomass 
production. 

Harvesting i s  often the only manipulation 
app l i ed  to f o r e s t  stands and whole-tree chipping 
i s  viewed as a potential  means fo r  accompf ishing 
var ious  s i lv i cu l  tura l  objectives ( 8 u t t s  and Preston 
1 9 7 9 ) .  Fuel chip production i s  a t t r a c t i v e  because 
i t  permits  economic removal of more material than 
conventional harvesting.  More s t a n d  t r e a t m e n t  has  
been recognized as  a widespread c r i t i c a l  need on 
nonindust r ia l  pr-iva-te f o r e s t s  ((Society o f  American 
F o r e s t e r s  1 9 7 9 ) .  McGee (1986) found t h a t  on the  
Cumber1 and Plateau whole-tree harvesting o f  (31 1 
ma te r i a l  4 inches and l a rge r  could be fol lowed by 
successflil pine planting o r  hardwood coppiciag, 
a l though fu r the r  s i t e  preparation or  re lease  m i g h t  
be necessary ,  Four inches i s  a generally accepted 
1 swer l i n i t  f o r  fuelwood harvesting,  b u t  %ma? l e r  
1 irnits m i g h t  be f eas ib le  i f  s i lv i cu l  t u r a l  benef i t s  
were considered,  i n  addi t ion ,  Belanger (1979) re- 
ported t h a t  coppicing o f  sycamore ( P l a t a n ~ s  9cci- 
dental i s L.  ) was s ign i f  icant l  y a f f e c t e d  by season 

st i n  t he  Georgia Piedmont, The  o b j e c t i v e  
o f  t h i s  work was t o  compare the e f fec t s  of season 
and j n t e n s i  &y of whcl e-tree harvesting on subsequent 
stand devel  opaent i n  m i  xed hardwood-pi ne associa- 
t i o n s  o f  the Upper Piedmo~t ,  

L"~aper presented a t  T h i r d  Biennial  Southern 
S i lv i cu l  trrral Research Conference, A t l a n t a ,  Geor- 
g i a ,  November 7-8, 1984, 

2 ' ~ e s e a r c h  Fures ter ,  USCiA Forest S e r v i c e ,  
Southeas te rn  Fcrest.  Experiment S ta t ion ,  Forestry 
Sciences Laboratory, Athens, Georgia. 

The s t u d y  was conducted i n  the  Upper Piedmont 
of Georgia N N E  s f  Atlanta on the  Dawson Fores t ,  
which i s  nanaged by the Georgia Forestry Cornmi ss.lein, 
Soi l s  are  Fannin f i n e  sandy loam and  Tallagoosa 
f-ine sandy loam, The s i t e  reverted t o  f o r e s t  
fc l5  owing agricul  tura l  abandonmenx ea r ly  i n  the cen- 
tury .  limber stands on the  s jce  had been h i g h -  
graded f o r  b o t h  pine and hardwood pr ior  t o  manage- 
ment by t h e  Commission,  The resul t ing  poor-qua1 i ty 
stands had in su f f i c i en t  merchantable  volumes fo r  
p ro f i t ab le  l o g g i n g  w i t h  conventional systems, The 
hardwood component was comgr i  sed primari 1 y of scar- 
l e t  oak (Quercus coccinea (Muenchh,), pos t  oak (Q, 

ak (2. velut i  na iarn.T, 
s ~ u t h e r n  red oak (Q, 
spp*  ) ,  and blackjack 

T h e  pine component 
aeda L, ) and short- . ' .  

- N i l  1 area averacjed 
a b o u t  90 e t  pe 
percenr was h a r d  hardwood, 2 percent s o f t  hardwood, 
28 percent yellow pine, a n d  11 percen tm~sce l l a r l eou~  
species according t o  s t a n d a r d  Forest Inventory ard  
Anal ys js  classifications (USDA Fcrest Service 1950), 
Of t n e  900 to 1,000 t o t a l  s t e m  per acre ,  nea r ly  
f c u r - f i f t h s  were smaller t h a n  4.5 inches d , b , h , ,  
b u t  t h i s  component accounted f o r  on ly  a quar ter  of 
t he  total b a s a l  area per ac re ,  One-acre t r e a t m e n t  
p l o t s  were hal-veseera by Geargja Forestry Gommiss-ion 
crews u s i n g  a typical  khole-tree system w i t h  a 
small feller-buncher, grapple-skidders, a n d  a n  18- 
i n c h  disk-type chipper, I i a r v e s t i r i g  r e n ~ v e d  a l l  
marerial down do &inch c r  1 - i w h  d , b , h ,  i i rnits  i n  
b o t h  w i n t e r  a n d  summer (January and June of 1989). 



Each comb ina t ion  o f  season and i n t e n s i t y  was rep1 i- 
cated  t h r e e  t imes  i n  a  c o m p l e t e l y  randomized des ign.  
D e t a i l e d  o b s e r v a t i o n s  and sampl ing were c o n f i n e d  
t o  t h e  i n t e r i o r  h a l f - a c r e  o f  each I - a c r e  p l o t .  
The most i n t e n s i v e  h a r v e s t  y i e l d e d  f rom about  67  
t o  83 green tons  p e r  a c r e  and t h e  l e a s t  i n t e n s i v e  
a p p r o x i m a t e l y  20 p e r c e n t  l e s s .  

Coppice reg rowth  was c h a r a c t e r i z e d  f rom a 100- 
p e r c e n t  i n v e n t o r y  o f  s p r o u t  clumps t h a t  were a t  
l e a s t  4.5 f e e t  t a l l  i n  October o f  1981 and 1983 
( two  and f o u r  growing seasons a f t e r  h a r v e s t ) .  A t  
t h e  second i n v e n t o r y  v i r t u a l  l y  a1 1  c1 umps were mea- 
sured. H e i g h t  o f  t h e  t a l l e s t  s p r o u t  and average 
crown spread were recorded  f o r  each clump. Both 
mean s p r o u t  h e i g h t  p e r  p l o t  and s p r o u t  coverage 
p e r  ac re ,  based on v e r t i c a l  p r o j e c t i o n s  o f  crown 
area,  were sub jec ted  t o  a n a l y s i s  o f  va r iance ,  I n  
A p r i l  o f  1981 and 1984, m i l a c r e  p l o t s  spaced a t  
1 0 - f o o t  i n t e r v a l s  a l o n g  1  i n e  t r a n s e c t s  were examined 
f o r  p i n e  s e e d l i n g  s t o c k i n g ,  d e n s i t y ,  and h e i g h t .  

RESULTS AND DISCUSSION 

The s t a t i s t i c a l  s i g n i f i c a n c e  o f  c o p p i c i n g  asso- 
c i a t e d  w i t h  season and degree o f  biomass removal 
changed over  t i m e  ( t a b l e  I ) .  A f t e r  2  years  t h e  
a p p r o x i m a t e l y  9  p e r c e n t  advantage i n  h e i g h t  f o l l o w -  
i n g  w i n t e r  versus summer h a r v e s t i n g  ( t a b l e  2 )  was 
s t a t i s t i c a l l y  s i g n i f i c a n t .  There was no s i g n i f i c a n t  
d i f f e r e n c e ,  however, i n  h e i g h t  b y  t r e a t m e n t  a f t e r  
4  years,  when t h e  o v e r a l l  mean s p r o u t  h e i g h t  was 
approx imate1 y  8.7 f e e t  ( t a b 1  e  3 ) .  Increased h e i g h t  
v a r i a b i l i t y  f o r  t h e  4 - i n c h  l i m i t  compared w i t h  t h e  
1 - inch  l i m i t  h a r v e s t  i s  p r o b a b l y  due t o  t h e  i r r e g u -  
l a r  s p a t i a l  d i s t r i b u t i o n  o f  c o m p e t i t i o n  f rom r e -  
s i d u a l  stems. 

The 2-year  d i f f e r e n c e s  i n  s p r o u t  coverage were 
s t a t i s t i c a l l y  s i g n i f i c a n t  b o t h  b y  season and i n t e n -  
s i t y  of biomass removal ( t a b l e  4 ) .  There was 68 
p e r c e n t  g r e a t e r  coverage f rom t h e  w i n t e r  h a r v e s t i n g  
t h a n  f rom t h e  summer h a r v e s t i n g  and 69 p e r c e n t  
g r e a t e r  coverage as a  r e s u l t  o f  t h e  1 - i n c h  l i m i t  
compared w i t h  t h e  4 - i  nch 1  i m i  t . The combined r e s u l  t 
was a p p r o x i m a t e l y  t h r e e  t imes  as much s p r o u t  cover -  
age f rom h a r v e s t i n g  i n  t h e  w i n t e r  t o  a  1 - i n c h  1  i m i t  
as f rom h a r v e s t i n g  i n  t h e  summer t o  a  4 - inch  1  i m i t .  
The d i f f e r e n c e  i n  s p r o u t i n g  b y  season i s  c o n s i s t e n t  
w i t h  o t h e r  coppi  c i  ng work i n  t h e  Piedmont (Be1 anger 
1979) and i s  a t t r i b u t e d  t o  t h e  p robab le  e x i s t e n c e  
o f  ca rbohydra te  reserves  i n  t h e  w i n t e r  t h a t  a r e  
d e p l e t e d  b y  s p r i n g  and e a r l y  summer growth. The 
d i f f e r e n c e  i n  s p r o u t i n g  b y  degree o f  biomass removal 
i s  a t t r i b u t e d  t o  c o m p e t i t i o n  f rom t h e  r e s i d u a l s  i n  
t h e  4 - inch  l i m i t  p l o t s .  T h e o r e t i c a l l y ,  t h e  1 - i n c h  
l i m i t  s tands would have a  much l a r g e r  number o f  
s p r o u t i n g  stumps, b u t  i n  r e a l i t y  a  n e g l i g i b l e  p ro -  
p o r t i o n  o f  t h e  s p r o u t  coverage i n  those  s tands 
r e s u l t e d  f rom t r e e s  l e s s  t h a n  4  inches d.b.h. 

Table 1 .--Summary o f  a n a l y s i s  o f  va r iance  r e s u l t s  
f o r  copp ice  s tands f rom n a t u r a l  up1 and hardwoods 

2-year 4-year Source o f  
v a r i a t i o n  Coverage H e i g h t  Coverage H e i g h t  

Sea son * * NS NS 

I n t e n s i t y  * W S  ** NS 

S x I  N S  N S NS N S  

* S i g n i f i c a n t  a t  t h e  0.05 l e v e l .  
** S i g n i f i c a n t  a t  t h e  0.01 l e v e l .  
MS Not  s i g n i f i c a n t .  

Table 2.--Mean h e i g h t  o f  t h e  t a i l e s !  sprout,,per 
clump ( w i t h  s tandard  d e v i a t i o n )  a f f e r  two grow- 
i n g  seasons, b y  season and i n t e n s i t y  o f  whole- 
t r e e  h a r v e s t i n g  

Diamter  Season 
1  i m i  t 

( i n c h e s )  Win te r  Summer Mean 

Mean 6.3 5.8 

Table 3.--Mean h e i g h t  o f  t h e  t a l l e s t  s p r o u t  p e r  
clump ( w i t h  s tandard  d e v i a t i o n )  a f t e r  f o u r  
growing seasons, b y  season and i n t e n s i t y  o f  
who1 e - t r e e  h a r v e s t i n g  

Diameter  Season 
1  i m i  t 

( i n c h e s )  Win te r  Summer Mean 

Mean 8.9 8.4 

Tab1 e  4. - -Sprout  coverage p e r  a c r e  ( w i t h  s tandard  
d e v i a t i o n )  a f t e r  two growing seasons, b y  season 
and i n t e n s i t y  o f  who le - t ree  h a r v e s t i n g  

Diameter  Sea son 
I i m i  t 

( i n c h e s )  Win te r  Summer Mean 

1 6,175(2,490)  3,996(1,336) 5,086 

Mean 5,080 3,021 



AFter four growing seasons the difference in 
sprout coverage by intensi ty  was highly significant 
with owera11 coverage from the l-inch 1 imit more 
than twice as great as from the 4-inch l imit  
( t ab le  5 ) .  Difference in coverage by season of 
harves-t; was no longer s ignif icant ,  with the cover- 
ages approximately the same by season for the 4-inch 
l imit  a n d  the winter mean less  than the summer 
mean f o r  the l-inch l imit .  However, a confounding 
factor  emerged for the 1-inch l imit  harvest. Har- 
vest ing to a l-inch l imit  in winter resulted in 
substant ia l  regeneration from the pine component 
in the or iginal  stand (McMinn 19831, and th i s  resul t  
i s  probably not anomalous. The l-inch 1 imit winter 
harvest  dupl icated the "seeds-i n-place" pine regen- 
e ra t ion  technique conceived by Lotti (1961) and 
evaluated by iangdon (1981) as  an effective natural 
regeneration method for  loblol ly  pine. A t  2 years 
a f t e r  harvest, the pine seedlings and hardwood 
sprouts offered l i t t lemutual  competition, b u t  a f t e r  
4 y e a r s  the s i t e s  were t o t a l l y  occupied by the 
combi ned pine and hardwood components. Mean pine 
seedl ing density was more than 7,000 stems per 
acre and mean stocking was 96.6 percent. Mean 
height of the t a l l e s t  pine seedling on each stocked 
plot was 5.5 fee t ,  or only 34 percent shorter than 
the mean hardwood sprout height for  that  treatment. 
Individual plot pine densities and the i r  associated 
sprout coverages for  the 1-inch winter treatment 
were a s  fol lows: 

Plot 
number 

Pine Hardwood sprout 
dens i t y  coverage 

(stems/acre j ftZ/acre 

A l i n e a r  regression of hardwood sprout coverage on 
pine seed1 i ng density produced a near-determini s t i c  
negative relationship (coverage = 21,661 - 1.54349 
densi ty)  with a coefficient of determination of 
0.985. The winter 4-i nch 1 imi t had a pine seed1 ing 
density of 1,949 stems per acre,  a mean stocking 
of 65 percent ,  and a mean t a l l e s t  seedling height 
of 2.9 f e e t .  Residuals in t h i s  treatment appeared 
to  l i m i t  growth of both hardwood sprouts and pine 
seedlings more than the mutual competition of these 
two components. 

Table 5 ,  --Sprout coverage per acre (with standard 
deviat ion)  a f t e r  four growing seasons, by season 
and i ntensi t y  of who1 e- t ree  harvesting 

Diameter Season 
1 imi t 

(inches) Winter Summer Mean 

- - - .. - - - f t2/acre  - - - - - - - - 
4 4,669 (752) 5,086 (527) 4,877 

1 9,815 (3,642) 12,157 (3,852) 10,986 

The relat ive species composition of the i n i t i a l  
stands and sprout stands are shown in table  6. 
The general categories follow standard groupings 
used in forest surveys conducted by the USDA Forest 
Service. White oak ( Q .  alba L . )  was l e s s  prevalent 
than post oak in the T i r s t  group. The red oaks in 
order of predominance were scar le t  oak, black oak, 
and southern red oak. Other hard hardwoods in 
order of   re dominance were hickory, doawood (Cornus 
f lor ida i . ) ,  and persimmon ( ~ i i s ~ ~ r d ;  v i r i m  
-the i n i t i a l  stand a n d  dogwood, hickory, and 
persimmon in the sprout stand. -7he s o f t  harbwoods 
were blackgum (Nyssa sylvatica Marsh.), yellow- 
poplar (Liriodendron tu1 ipifera L .  ) ,  and black cher- 
ry (Prunus serotina Ehrh.). Blackjack oak was the 
on1 y m e s  consistently represented in the other 
miscellaneous category. The species tha t  increased 
most in proporti on  to i n i t i a l  representation were 
chestnut oak, sourwood (Oxydendrum arboreum (L . ) 
D C .  ) , and the sof t  hardwoods, represented primari l y  
by blackgum. Those which decreased most were white 
oak-post oak and blackjack oak. There was only a 
change of about 11 percent in the red oak represen- 
ta t ion.  A1 though the total coverages differed,  
treatment appeared to  have no effect  on the species 
composition of sprout stands. 

Table 6.--Relative species composition in i n i t i a l  
stands and 4-year sprout stands 
- 

Species or In i t i a l  stand Sprout stand 
species group basal area coverage 

Ye1 1 ow Pine 

Ye1 1 ow pine 28 0 

Hard Hzrdwoods 

White oak-post oak 14 13 
Chestnut oak 8 18 
Red oaks 2 8 3 5 
Other hard hardwoods 9 11 

Soft Hardwoods 

Soft hardwoods 2 

Miscellaneous Species 

Sourwood 5 
Other miscellaneous 6 

Mean 7,242 8,,622 



CONCLUSIONS 

A1 though these d a t a  ref1 e c t  coppice stands re1 - 
a t i v e l y  e a r l y  i n  t h e i r  develcpment, the  study has 
demonstrated t h a t  pine-hardwood composition and 
hardwood coppice p roduc t ion  are  s igni f icant !  y 
af fec ted  by season and intensity s f  w h ~ l e - t r e e  
h a r v e s t i n g .  If the  i n i  tQai s tands  include chestnut 
oak o r  s s u r ~ ~ c a d ,  those species may be expected to 
e x j s t  i n  the coppjce s t a n d  i n  greater proparticn 
t h a n  t he?  r i n i  t S a l  representatlan, A1 t h o u g h  sour- 
woad will eventua'ily become a micistorycrunderstcry 
component, id may offer subs t an t i a l  competition 50 
more desirable species i n  the  ea r ly  stages o f  s t a n d  
bevel agrnent , O u r  d a t a  s u p p o r t  the f ~ l f  owing t read-  
nents f o r  t he  i n d i c a t e d  s i l v i c u l t u r a l  ob, ject ives:  

Objective f reatment 

Pure hardwood Summer, l - i n c h  

Maximum n a t u r a l  
pine component 

Artificial pine 
component 

Winter ,  1- inch 

Summer, l-inch 

Maximum woody biomass Winter, l - i  nch 

A l t h o u g h  economics of logging may preclude removal 
of a l l  woody biomass, there js no s ~ v i c u l t u r a l  
o b j e c t i v e  fo r  which a residual  stand would  be recorc- 
~ e n d e d ,  The  small residuals compete w i t h  d e s i r a b l e  
coppice and pine seedlings, 2nd earl'ier work has 
shown nutrient removal is nod s - i g n i f i e a n t l  y a f f e c t e d  
by harves t ing  the 1- to &inch material  (Mcrsi-inn 
and Nutter 1983). 
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THE O R I G I N ,  GROWTH ZJD DELTLBPFaNT OF XATL TY* PURE , EVEK-AGED STANDS OF BOTTOF%AYD OAK--- 

W. Xichael  Ausr ,  John D. Xoo'ges, and Robert  L. ~ohnsor&' 

Abstract ,=--Eigh ty n a t u r a l ,  pure, even-aged s t a n d s  of 
hottomland red oaks were s t u d i e d  t o  determine the conditions 
t h a t  r e s u l t  in pure  red oak s t ands  and to evaluate the 
patterns of growth and development, The histories of these 
s t a n d s  reveal that fire, cattle grazing, mowing,  or some 
eonibinalrian tends to increase the red oak- s tocking ,  Fixed 
plot data indicate that these pure s t ands  can produce 
acceptable q u a l i t  Fes and quantities o f  savt hibere Also, 
crown classes o f  t he  red oak can be used to p r e d i c t  s tocking 
i n  t h e  future, 

Qne s f  t h e  more h p o r t a n t  problems f a c i n g  
managers of boz tomiand hardwood forests is the 
t e n d e n c y  of new stands to conta in  a smaller oak 
comp~glen t  than did t h e  previous s tands ,  T h i s  is 
a c r i t i c a l  problem because oak i s  one o f  t h e  
major  and more valued species groups of the 
hardwood p r o d u c t s  i n d u s t r y ,  Xbso, o p t  iml 
cond i t ions  for the growth of t h e  oak component 
are not f u l l y  unders tood ,  The p u r p e s e s  of this 
study are: (1) to 5dentiEy the  conditions t h a t  
are c a n d u c i v e  to red oak regeneration through an 
elraafxaa"&ion sf the h i s to r i e s  of n a t u r a l ,  p u r e ,  
wen-aged stands o f  red oak, and ( 2 )  to 
determine  the pa t t e rn s  of stand growth and 
development  in these stands and the r e s u l t i n g  
e f f ec t  on tree q u a l i t y .  

The  literii%"are reveals that most oak 
r e p r d u c t i o n  a p p a r e n t l y  goes through a stage of 
s low initial growth. If the regeneration 
s u n r i v e s  f o r  the first f e w  years, " c h e  growth 
rate a n d  competitiveness improve (Beck 1970; 
Johnso XI 1979; I4cKnigh.t and Johnson 1980; Sander 
19721, Far  oak regeneration t o  survive r h i s  
period of slow growth, it is genera l ly  accepted 
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that o& reproduct ion  should be weli-established 
before t he  overstcry is removed, If oak 
regenerat ion  is n o t  p r e s e n t w h e n  the oTdess t o r y  
i s  removed, new oak seedlings ;nay be rapidly 
overtopped by established compet i to rs  QArend and 
Scholz  1969; CamefE and Tryon 1961; Bilr 1977 ;  
Oliver and Stephens 1977; Sander 1971; Sander 
and Clark 1971; Sander ~t al, 1975). 

Red oak s t ands  o r i g i n a t e  from three foms 
o f  reproduc t ion :  (I) true seedlings produced 
from acorns b e f o r e  and af te r  hamest, (2) 
seedl ing  sprouts, and (3) stump sprouts. The 
xmkeer sf true seedlings is often low due ha 
er ra t ic  acorn production, acorn predarors ,  
damaging agents ,  or unsuitable site conditions, 
After gemina t ion ,  t r u e  seedlings are eften 
k i l l e d  'by suppress ion  or mois ture  stress (Arend 
and SchsLz 1959; Carve11 and Tryon 1961 ; Johnson 
1 9 7 4 ;  Olson  and Mooper 1968) ,  Seedlings that 
d i e  back and then r e sp rou t  are referred t o  as 
seedling s p r o u t s ,  Seedl ing s2rsuts m y  die and 
resprout several t i m e s ,  which al lows them to 
develop a r o o t  system much larger than the s t e m  
s i z e  would i nd i ea t e ,  This Larger soot system 
enables the  seedl ing  sprout t o  survive and 
compete more v igorous ly  than t r u e  seedlings of 
the same s i z e  (Arend and Scholz 1969; Sander 
1971; Sander 5 g, 1976) Stump sp rou t s  are 
similar to seedl ing  s p r o u t s  in t h a t  they  have 
Large root systems,  hut they or ig ina te  f r o m  
stumps o f  severed trees. F o m e r l y ,  s tump  
s p r o u t s  were scorned 5 y  some foresters due to 
t h e i r  supwsed tendency towards b u t t  rots. 
Wowever, modern hamest ing pract ices  leave a 
much lower stump and r e s u l t  in Less b u t t  rot, 
Stump sp rou t s  are  now considered a sat isfactory 
source of regeceration, Soae research has  shown 
t h a t  stump s p r o u t s  are faster-growing than t r u e  
seedl ings  and are  c p i t e  capable of producing 
trees of acceptable quality (Johnson 1933; Roth 



and Nepting 1969; Sander 1971; Sander et &, 
1976; Wendel 1975; Zahner and Meyers 1984). 

The f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  s u r v i v a l  
of r e d  oaks  a r e  v a r i e d .  C a r v e l l  and Tryon 
(1962) suggested t h a t  t h e  amount of oak 
r e g e n e r a t i o n  p r e s e n t  was c l o s e l y  r e l a t e d  t o  t h e  
s t a n d s ' p a s  t h i s t o r y  of d i s tu rbance .  They 
concluded t h a t  p a s t  logging,  g raz ing ,  and 
burning a l l  tended t o  i n c r e a s e  oak r e g e n e r a t i o n  
by i n c r e a s i n g  t h e  amount of d i r e c t  s u n l i g h t  
ava i l a b l e  . 

McGee (1979) p o s t u l a t e d  t h a t  f i r e  may have 
played a Larger r o l e  i n  e s t a b l i s h i n g  t h e  oak 
component of p rev ious  s t a n d s  than i t  does i n  
c u r r e n t  s t a n d s ,  a l though  f i r e  i s  g e n e r a l l y  
considered harmful t o  hardwood management 
(XcKnight and Johnson 1980; Putnam e t  a l .  1960).  
Grazing by c a t t l e ,  l e s s  p reva len t  now t h a n  i n  
t h e  p a s t ,  may e x p l a i n  a p o r t i o n  of t h e  oak 
component of e s t a b l i s h e d  s t a n d s .  C a t t l e  seem t o  
p r e f e r  s p e c i e s  o t h e r  t h a n  oak, which a p p a r e n t l y  
h a s  a low p a l a t a b i l i t y .  C a t t l e  may a i d  oak 
r e g e n e r a t i o n  by consuming compet i to rs  (Carve11 
and Tryon 1961; McKnight and Johnson 1980). 

S i t e  q u a l i t y  i s  a n o t h e r  f a c t o r  which may 
i n f l u e n c e  oak r e g e n e r a t i o n .  Qual i ty  hardwoods 
a r e  u s u a l l y  produced o n l y  on t h e  b e t t e r  s i t e s .  
However, oak r e g e n e r a t i o n  and composition a r e  
g e n e r a l l y  b e t t e r  on t h e  poorer s i t e s ,  &%en a n  
opening i s  c r e a t e d  i n  a s t a n d  on a poor  s i t e ,  
t h e  oak s e e d l i n g s  r e c e i v e  more s u n l i g h t  because 
compet i t ion  i s  l e s s  v igorous .  T h i s  r e s u l t s  i n  
t h e  maintenance of a h i g h  oak component i n  t h e  
new s t a n d  ( C a r v e l l  and Tryon 1961; Johnson 1979; 
Johnson and B i e s t e r f e l d t  1970; Putnam 5 g. 
1960; Sander  and Clark  1971; Trimble and H a r t  
1961) . 

There  a r e  d i f f e r e n c e s  of o p i n i o n  over  what 
c o n s t i t u t e s  adequate oak regenera t ion .  For t h e  
North C e n t r a l  Region, t h e  U.S. F o r e s t  S e r v i c e  
recommended t h a t  a t  l e a s t  400 wel l -es tab l i shed  
s e e d l i n g s  o r  s p r o u t s  p e r  a c r e ,  which a r e  over  
one f o o t  t a l l ,  be p r e s e n t  before  t h e  o v e r s t o r y  
i s  removed (Arend and Scholz 1969). O l i v e r  
(1975) contended t h a t  o n l y  45 well-placed r e d  
oak s e e d l i n g s  o r  s e e d l i n g  s p r o u t s  a r e  needed p e r  
a c r e  f o r  adequate s t o c k i n g  of oak i n  mixed 
s t a n d s  i n  t e sou thern  p a r t  of New England. 
Clatterbuck-?? suggested s i m i l a r  s t o c k i n g  f o r  - 
cher rybark  oak (Quercus f a l c a t a  v a r .  

E l l . )  i n  mixed oak-sweetgm 
(Liquidamba r s t y r a c i f l u a  L. ) s t a n d s  i n  
H i s s i s s i p p i  minor s t ream bottoms. Both O l i v e r  
and C l a t t e r b u c k  a s s e r t  t h a t  wider  spacing of t h e  
oaks i n  mixed s t a n d s  w i l l  g e n e r a t e  good d iameter  
growth of t h e  red oaks,  whi le  t h e  o t h e r  s p e c i e s  
tend t o  prune t h e  oaks.  

a ~ l a t t e r b u c k ,  W. K. 1984. Unpublished d a t a .  
M i s s i s s i p p i  S t a t e  Univers i ty ,  F o r e s t r y  
Department . 

mTBODS mD PROCEDURES 

Eighty s t a n d s  were loca ted  f o r  t h e  s tudy .  
Of t h e s e  s t a n d s ,  t e n  were loca ted  w i t h i n  each of 
e i g h t  age c l a s s e s .  The youngest age c l a s s  
was 1- t o  10-years o l d  and t h e  age c l a s s e s  
ranged upward i n  10-year i n t e r v a l s  t o  a 70- t o  
80-year age c l a s s .  Each s t a n d  had t o  have a 
minimum s i te  index f o r  cher rybark  oak a t  50 
y e a r s  of 85 f e e t  (Baker and Broadfoot 1979). 
The r e d  oak component had t o  comprise a t  l e a s t  
70 percen t  of t h e  t o t a l  s t a n d  basa l  a r e a .  Pure  
s t a n d s  of willow oak  (Quercus p h e l l o s  L . )  o r  
wate r  oak (Quercus L.) on f l a t s  were n o t  
accep tab le .  Thinned s t a n d s  were a l s o  r e j e c t e d  . 
For a s t a n d  t o  be c l i ass i f i ed  a s  even-aged, t h e  
range of ages w i t h i n  t h e  s t a n d ' s  canopy could .be 
no g r e a t e r  than  20 percen t  of t h e  s t a n d ' s  age.  

The m a j o r i t y  of t h e  s t a n d s  were l o c a t e d  i n  
minor s t ream bottoms i n  e a s t - c e n t r a l  
M i s s i s s i p p i ,  a l though  23 upland s t a n d s  having 
a c c e p t a b l e  s i t e  i n d i c e s  were sampled. E i g h t  
s t a n d s  along t h e  S a l i n e  River  i n  Arkansas were 
a l s o  examined. Average s t a n d  s i z e  was between 
f i v e  and t e n  a c r e s  al though a few l a r g e r  s t a n d s  
were included . 

The s tands '  h i s t o r i e s  were recons t ruc ted  
through a combination of in te rv iews ,  a e r i a l  
photographs, and s t a n d  i n s p e c t  ion.  These 
s u b j e c t i v e  methods of  d e t e m i n i n g  s t a n d  h i s  t o r y  
were n o t  e n t i r e l y  s a t i s f a c t o r y .  In te rv iews  
provided u s e f u l  in format ion  i n  some c a s e s  and 
none i n  o t h e r s .  Photographs could n o t  p rov ide  
a l l  of t h e  necessary  information,  nor  cou ld  
persona l  inspec t ion .  As might be expected,  t h e  
amount and accuracy of information tended t o  
d e c r e a s e  a s  t h e  s t a n d  age increased .  Events  
such a s  g r a z i n g  and burning,  and s t a n d  
c o n d i t i o n s  dur ing  es tab l i shment ,  were recorded 
o n l y  when known w i t h  a h igh  degree  of c e r t a i n t y .  
I n  t h e  o l d e r  s t a n d s ,  g raz ing  and/or  burning were 
of t e n  suspec ted ,  bu t  could n o t  be v e r i f i e d .  
Therefore ,  i t  was decided t o  ana lyze  on ly  t h o s e  
s t a n d s  under  50 y e a r s  of age f o r  s t a n d  o r i g i n .  

Within each of t h e s e  e i g h t y  s t a n d s ,  f i x e d  
r a d i u s  p l o t s  were e s t a b l i s h e d  t o  c r e a t e  a 
chronosequence of s t a n d  growth and development. 
The p l o t  s i z e  v a r i e d  wi th  s t a n d  age and 
s t o c k i n g  , and v a r i o u s  measurements concerning 
t h e  t r e e s  s i z e ,  m e r c h a n t a b i l i t y ,  l o c a t i o n ,  
s p e c i e s ,  and c o n d i t i o n  were ob ta ined .  

Also, on each p l o t  a dominant o r  codominant 
t r e e ,  and a l l  of i t s  immediate compet i to rs  
( u s u a l l y  a l l  r ed  oaks)  were cored a t  b r e a s t  
h e i g h t  and t h e  increment c o r e s  were graphed. A 
c o r e  t aken  a t  one f o o t  on t h e  l a r g e s t ,  s m a l l e s t ,  
and a n  average d iameter  red oak was used t o  
determine s t a n d  age. 

Other  i n f o  m a  t i o n  recorded included 
m o r t a l i t y  measurements, and g e n e r a l  comments 
concerning t h e  s tand '  s unders to ry ,  topography, 
e t c .  



RESULTS AND DISCUSSION 

A t  l e a s t  90 percen t  of t h e  s t a n d s  had 
annua l  f looding  o r  r e s i d u a l  red oaks t o  s e r v e  a s  
a  p o s s i b l e  seed source  (Table 1 ) .  Th is  
o b s e r v a t i o n ,  however, does n o t  mean t h a t  most of 
t h o s e  s t a n d s  were regenera ted  d i r e c t l y  from 
a c o r n s  - Indeed,  94 percen t  of t h e  s t a n d s  were 
formed t o  a  l a r g e  degree by s p r o u t s ,  The seed 
s o u r c e s  merely e x p l a i n  a  b a s i s  f o r  those  
s p r o u t s ,  e s p e c i a l l y  i n  old-f i e l d  o r  old-pasture 
s i t u a t i o n s .  

T h e  h i s t o r y  of f i r e  i n  t h e s e  s t a n d s  was 
d i f f i c u l t  t o  determine.  I n  on ly  2 percen t  i7f 
t h e  s t a n d s  was i t  p o s s i b l e  t o  f i n d  conc lus ive  
e v i d e n c e  of burning dur ing  i n i t i a l  s tand  
es tabli-shment . P e r i o d i c  burning l a t e r  i n  t h e  
s t a n d s  ' development was s l i g h t l y  more ev iden t  
(14 p e r c e n t ) .  Both v a l u e s  a r e  suspected t o  be 
lower t h a n  a c t u a l  (Table 1) . 

C a  t t le graz ing  was ev iden t  i n  s e v e r a l  
s t a n d s ;  48  percen t  had d e f i n i t e l y  been grazed 
dur ing  s t a n d  es tab l i shment ,  while  66 p e r c e n t  had 
been g r a z e d  p e r i o d i c a l l y  o r  con t inuous ly  d u r i n g  
t h e  l i f e  of t h e  s tand .  Poss ib ly  bo th  of those  
f i g u r e s  a r e  low, bu t  they  a r e  c o n s i s t e n t  wi th  
t h e  o m e r s h i p  p a t t e r n  a s  49 percent  of t h e  
landowners  had owned o r  do own c a t t l e .  

Stand o r i g i n  was extremely v a r i a b l e ,  
C l e a r c u t s  accounted f o r  36 percen t  of t h e  t o t a l ,  
Old-f i e l d  and old-pas t u r e  c o n d i t i o n s  occur red  i n  
5 2  and 12 percen t  of t h e  s t a n d s ,  r e s p e c t i v e l y .  
It  should be noted t h a t  some of t h e  s i t e s  on 
which s t a n d s  o r i g i n a t e d  from c l e a r e u t s  had 
prev ious ly  been a g r i c u l t u r a l  l a n d s .  h e  
p a r t i c u l a r  s t a n d  had been s u b j e c t e d  t o  
a g r i c u l t u r e ,  c a t t l e ,  s t a n d  development, 
c l e a r c u t  t ing  , f i r e ,  and then  s t a n d  
r e - e s t a b l i s h e n t ,  i n  t h a t  o r d e r ,  w i t h i n  40  
years .  

The es t imated  s i t e  index f o r  cher rybark  oak 
a t  5 0  years  was f a i r l y  c o n s i s t e n t  w i t h i n  and 
between age c l a s s e s .  The h i g h e s t  s i t e  index  was 
109 f e e t ,  whi le  t h e  lowest was 85 f e e t .  Flean 
s i t e  index f o r  a l l  p l o t s  was 95 f e e t  (Table  1 ) .  

The s t a n d s  i n  t h e  bottomlands were found 
p r i n c i p a l l y  on high f l a t s  between t h e  
swee tgum-oak s t a n d s  t y p i c a l l y  found on t h e  
h i g h e r  s i t e s ,  and t h e  willow oak-water 
oak-overcup oak  (Quercus l y r a t a  Walt.) s t a n d s  of  
t h e  low f l a t s ,  The s t a n d s  on  t h e  up lands  were 
l o c a t e d  on upland f l a t s  and were very  s i m i l a r  i n  
s p e c i e s  compos i t  ion  and g e n e r a l  appearance t o  
t h e  bottomland f l a t s .  

Table 1 .--Conditions found i n  f i f t y  n a t u r a l ,  pure,  even-aged red oak s t a n d s  
t h a t  could have c o n t r i b u t e d  t o  h igh  oak composition. 
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Ho one past a c t i v i t y  or coditin explained 
the high  percentage of red oak composition, 
although a general trend emerged, Site index 
was emnercially acceptable but was not 
exceptiona2, TFif s sLiglPr t l y  "'lowP' site index nay 
partially expla in  the l o w  specf es d i v e r s i t y ,  
Also, the  high percentage o f  the stands that 
were ptimrily of sprout origin ind ica ted  a 
r e l a t i v e l y  fas t  i n i t i a l  height. growth f o r  the 
red oaks, T n i s  could have enabled a higk 
percentage o f  the red oaks LO = w i v e  and "out 
compete" other species, Burning see-aed 
relatively unimwrtant in accounting for the 
developmnh of these stands, although it m y  
have keen more i m p r t a n t  than was a g p r e n t  . The 
most prevalent disturbance in. these stands was 
grazing by eattle, Grazing may r a o v e  seedlings 
of cmpe t fng  species, or the cattle may s h p k y  
c l i p  oak seedlings repeatedly over the years to 
create a vigorous seedling sprout, In add i t i on  
to these disJiurbaaces, 52 percent of the areas 
had been subjected to agricultural practices 
prior to stand establishment and another 12 
percent had been pasture, subject to mowing. 

No single factor alone could explain the 
high percentage o f  red oak composition, 
Hoever ,  at least of all stands 
investigated had been subjec ted  to f i r e ,  c a t t l e ,  
o r  mordng, e i ther  h m e d i a t e l y  p r i o r  t o  or during 
stand establishment, This indicates t h a t  s i n g l e  
or ct3mbined disturbances during stand 
establishment m a y  enhance the red oak component, 

The f ixed  plot data  for the e i g h t  age 
classes formed a chraaosequencse of t he  
pat terns of stand growth and development 
Stocking was adequate in a l l  age elasses, 
OverstocHng was apparent in some of t he  younger 
ages. The youngest age class (1- to 10-years) 
had an average of 3735 upper  story trees per 
acre, of which 3125 ( 8 4  percent) were red oak 
species, primarily cherqi-jark oak, The 
percentage of red oak bas i ca l ly  r emined  the  
same over the years, al though the total number 
of upper s t o r y  trees decreases drastically, In 
the oldest age c lass  (71- to 80-years) the t o t a l  
number of uppe r  story trees had decreased to 7 4  
per acre, of which 59 (79 percent) were red oaks 
(F igure  1) , 

T o t a l  basal area. of the 220ts increased 
most r a p i d l y  in the younger age classes, and 
then leveled o f f  in t he  alder age classes, Red 
oak basal area falbowed t h i s  pa t t e rn ,  The r e d  
oaks fomed over 80 percent sf t h e  total basal 
area i n  a l l  age classes (F igure  2), 

The relat tve q u a l i t y  of red oak growing 
stack can be evaluated from "tree e%asses,'? 
&ich rate an i n d b l i d m l  treeP s ptentiaL on the 
basis of its crown, site suitability, potential 
or actual bole q u a l i t y ,  and vigor. Preferred 
growing s tock refers to the "best" trees and 
resertie growfag s tock  refers to "go&" end lo r  
" fa i r1 '  trees, Three o t h e r  tree classes Include 
those trees which a re  p tent ial mortality or 

X . . . . Red Oaks 
0 -  A11 Species 

Age i n  Years 

F igure  1 ,----Average age, total number of trees 
p e r  acre, and number of red oaks per acre i n  
e i g h t  age classes of natural, pure, even-aged 
red oak s t a n d s ,  

X .... Red Oaks Only 
0 -  All Species  

Age I n  Years 

Figure 2,--Mean age, total basal area, and red 
oak basa l  area. for eight age classes of 
natural, pure ,  even-aged red oak stands, 

those having little cmmerc ia l  va lue ,  A l l  age 
classes had at l eas t  80 percent  of t h e  upper  
story red oaks c lassed  as  prefer red  o r  reserve 
growing s tock,  so these stands have the 
potent i d  t o  produce quality sawbber (Table 
2) 



Table 2,--The numbers of t r e e s  p e r  a c r e  and percen t  of t o t a l  of upper  s t o r y  and red oaks by age  and t r e e  
c l a s s e  s f o r  e i g h t y  n a t u r a l ,  pure even-aged s t a n d s .  

Age C l a s  s P r e f e r r e d  Reserve Cut t ing  S tock  Sound C u l l  Unsourtd C u l l  
Years No. /Acre Percent  No. /Acre Percent  No. /Acre Percent  NO. / ~ c r e  Percent  NO, / ~ c r e  P e r c e n t  

H a  rdwood crown c l a s s e s  a r e  a n  i n d i c a t i o n  of 
a t r e e W s  r e l a t i v e  h e i g h t  and v i g o r ,  t h e r e f o r e  
crown c l a s s e s  may be used t o  e v a l u a t e  a t r e e r  s 
a b i l i t y  t o  grow. I n  t h e s e  pure oak s t a n d s ,  t h e  
codominrant crown c l a s s  contained t h e  most t r e e s  
per  a c r e  i n  a l l  age c l a s s e s  (Table 3) , while  t h e  
dominamt and i n t e r m e d i a t e  crown c l a s s e s  
c o n t a i n e d  fewer t r e e s  per  a c r e ,  and were 
a p p r o x i m a t e l y  equa l .  T h i s  s u g g e s t s  t h a t  most of 
t h e  stems i n  t h e s e  s t a n d s  a r e  growing a t  less 
than  ioptimal condi t ions .  Apparent ly crown 
c l a s s e s  can be used t o  e s t i m a t e  a s t a n d ' s  
s t o c k i n g  i n  t h e  next  t e n  year  period ( F i g u r e  3) .  
The t o t a l  number of dominant r e d  oaks per  a c r e  
i n  t h e  1- t o  10-year age c l a s s  approximated t h e  
t o t a l  number of r e d  oaks  per  a c r e  i n  t h e  11- t o  
2 0 - y e a r  age c l a s s .  A l l  of t h e  dominants and 
one-ha l f  of t h e  codominants of t h e  11- t o  
20-year  age c l a s s  s u r v i v e  t o  form red oaks of 
t h e  21- t o  30-year age c l a s s .  I n  a l l  o t h e r  age 
c l a s s e s  a l l  dominants and a l l  codominants 
s u r v i v e  t o  form a l l  crown c l a s s e s  of t h e  n e x t  
age  c l  ass. Using t h i s  r e l a t i o n s h i p ,  e s t i m a t e s  
of f u t u r e  s t o c k i n g  i n  pure oak s t a n d s  may be 
p o s s i b l e .  Increment c o r e s  v e r i f y  t h a t  t h e  
dominant  t r e e s  of ' a l l  age c l a s s e s  e x h i b i t  l i t t l e  
growth slowdown, w h i l e  t h e  o t h e r  crown c l a s s e s  
d i d  show s i g n s  of growth slowdown, u s u a l l y  
w i t h i n  a 10- o r  20-year period p r i o r  t o  t h e  
s t a n d s  iznmediate age. The change of a dominant 
o r  c e d m i n a n t  crown t o  i n t e r m e d i a t e  o r  
s u p p r e s s e d  w i t h i n  a 20-year per iod  may be due t o  
t h e  n a t u r e  of t h e  crown compet i t ion  i n  t h e s e  
pure  s tands .  Once an  oak g a i n s  a b e t t e r  
p o s i t i o n  than  t h e  neighboring ones,  t h e  crown 
s t a r t s  t o  en la rge .  S ince  growth p a t t e r n s  
b e t w e e n  t h e  compet i to rs  a r e  s i m i l a r ,  t h e  lower 
crown c l a s s e s  have l i t t l e  chance of ever  
r e - a t t a i n i n g  t h e i r  former p o s i t i o n ,  a s  i s  
somet Lmes p o s s i b l e  i n  mixed s t a n d s .  

Age C l a s s  
(years )  

Surviving Trees  a s  
Age I n c r e a s e s  

A l l  Crown C l a s s e s  of 
which Oominant s 

A l l  Crown C l a s s e s  of 
which Dominants, Codominant s 

A l l  Crown C l a s s e s  o f  
which Dominants, Codominant s 

A l l  Grown C l a s s e s  o f  
which Dominants , Codominant s 

A l l  Crown C l a s s e s  o f  
which Dominants , Codominant s 

bd' 
A l l  Crown C l a s s e s  o f  

which Dominant s , Codominant s 

d 
A l l  Crown C l a s s e s  o f  

which Dominant s , Codominant s 

F i g u r e  3.--~ed oak crown c l a s s e s  and t h e  n e x t  t e n  
year s u r v i v a l .  



Table 3.--Humbers pe r  a c r e  and percentage of t o t a l  by age c l a s s  and crown c l a s s  f o r  t he  upper s t o r y  red  
oaks of e i gh ty  n a t u r a l ,  pure, even-aged s t an ds .  

Age C la s s  Dominant Codominant In te rmedia te  Overtopped 
(years )  No,/Acre Percent  No./here Percent  No,/Acre Percent  No. /Acre Percent  

The crown c l a s s e s  were a l s o  found t o  be 
r e l a t e d  t o  bole qua l i t y .  Epicormic branches,  a 
symptom of e n v i r o m e n t a l  s t r e s s ,  were more 
common on those  red  oaks having in te rmedia te  o r  
overtopped crown c l a s se s .  Epicomic  branches 
l e s s e n  t h e  commercial va lue  of t h e  bole.  

Some pa t t e rn s  of growth which d i r e c t l y  
a f f e c t  t h e  commercial a s p e c t s  of t h e s e  r ed  oak 
s t a nds  were evaluated.  There were t h r e e  f a c t o r s  
which determined t h e  merchantable he igh t  of t h e  
t r e e s  i n  t he se  s tands .  They were, i n  o r d e r  of 
importance, t h e  d iameter ,  t h e  crown he igh t ,  and 
the  de f ec t s .  Diameter was p r imar i l y  determined 
by t h e  spacing and crown c l a s s e s  of t he  t r e e s  
(Table 4 ) .  Closer  spaced t r e e s  had s l i g h t l y  
s h o r t e r  me rchan t ab i l i t y  and smal le r  diameters  
than did wider spaced t r e e s .  Crown he igh t  was 
independent of spacing i n  t h e s e  s t ands  and was 
r e l a t e d  t o  age and crown c l a s s .  Dominant and 
codominant t r e e s  had l a r g e r  diameters  t han  d id  
i n t e rm ed ia t e  o r  overtopped t r e e s  (F igure  4 ) .  
Although t h e  average diameter  of  oaks i n  pure 
s t a nds  i s  l e s s  than t h a t  of oaks i n  mixed s t an ds  
of s i m i l a r  age, t h e  diameter  d i f f e r ence  i s  much 
l e s s  when cmpa r i sons  a r e  made wi th in  crown 
c l a s s .  

The board f o o t  volume ( I n t e r n a t i o n a l  % inch 
r u l e )  produced by t he se  pure red oak s t ands  i s  
considered acceptab le .  By age 50 t h e  s t ands  
average production i s  approximately 12,000 board 
f e e t  { I n t e r n a t i o n a l  k inch r u l e )  pe r  a c r e .  By 
age  70 t h e  production i s  n e a r l y  24,000 board 
f e e t  pe r  a c r e  (F igure  5 ) .  C l ea r l y ,  t he se  
"unmanaged" pure red  oak s t ands  a r e  capable of 
producing acceptab le  q u a n t i t i e s  and qual  i t i e s  of 
red oak. 

SUMMARY 

Regeneration of n a t u r a l  s t ands  of red oak 
i s  h igh ly  d e s i r a b l e ,  bu t  i t  i s  no t  unusual f o r  
s t ands  conta in ing  a high percentage of red  oaks 
t o  r egene ra t e  l e s s  succe s s fu l l y  a f t e r  h a r v e s t ,  
Pas t  s t u d i e s  i n d i c a t e  t h a t  s tand  d i s t u rbances  
seem t o  i nc r ea se  t h e  composition of red oak and 
t h i s  s tudy  subs t an t i a t ed  t h a t  observa t ion .  
While no s i n g l e  f a c t o r  t o t a l l y  explained t h e  
h igh  r e d  oak component, i t  is important t o  no t e  
t h a t  7 8  percent  of a l l  s t ands  were e i t h e r  
burned, mowed, o r  grazed during s t and  
es tab l i shment  . These r e s u l t s  may prove u s e f u l  
i n  modifying and improving cu r r en t  s i l v i c u l t u r a l  
pr  a c t  i c e s  . 

An examination of t h e  d a t a  co l l e c t ed  from 
t h e  f i xed  p l o t s  revea led  t h a t  t he se  s t a n d s  
i n i t i a l l y  s t a r t e d  w i th  tremendously high numbers 
of red oak, but s t ock ing  dec l ined  r a p i d l y .  
Apparently t h e  dominant crown c l a s s e s  su rv ive  
from t h e  youngest age c l a s s  t o  form t h e  red oaks 
of t h e  next  age.  I n  subsequent age c l a s s e s  t h e  
dominants and codominants surv ive  t o  form a l l  
crown c l a s s e s  of t h e  next  age c l a s s .  

Evaluat ions of t h e  t r e e  c l a s s e s  and t h e  
crown c l a s s e s  po in t  ou t  t h a t  these  pure red oak 
s t ands  a r e  capable of producing q u a l i t y  
sawt imber i n  acceptab le  volumes. 



Table 4.- -The average dbh of upper s t o r y  red oaks by age and crown c l a s s  f o r  e i g h t y  n a t u r a l ,  pure ,  even- 
aged s t a n d s .  

Crown C l a s s e s  
Dominant Cod ominan t I n t e m e d i a t e  Overtopped Age Class- 
DBW ( i n )  DBII ( i n )  DBH ( i n )  DBH ( i n )  (years )  

Age i n  Years 

F igure  &.--Mean DBH of f o u r  crown c l a s s e s  of r e d  
oak b y  age f o r  n a t u r a l ,  pure ,  even-aged 
s t a n d s .  

Age i n  Years 

F igure  5.--Mean age and board f o o t  volume per  
a c r e  ( I n t e r n a t i o n a l  Y' r u l e )  of red  oak f o r  
e i g h t  age c l a s s e s  of n a t u r a l ,  pure,  even-aged 
r e d  oak s t a n d s .  
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DEVELOP GF CAK, ASH GIiEIRY REPFODUEIOB 

2 /  David L. Gracey and Thomas L. Rogerson- 

A-bstract .--A study of reproduction growth folio-~ing 
th inning and f e r t i l i z a t i o n  i n  mixed upland hcrdwood stands 
was in i t i8 ted .  i n  t h e  Boston blow-tains of k k a n s a s  i n  t k e  
spr ing of 1376. Sixty-four p l o t s  were thinned t o  r e s idua l  
overstory stocking dens i t i e s  of 40 percent t o  more than 
100 percent;  and 32 of t h e  p l o t s  received a f e r t i l i z e r  ap- 
p l i ca t ion  of 300 l b  N per acre one year a f t e r  thinning.  
Growth of es tabl ished oak ( ~ u e r c u s  a lba  L. , &. ve lu t ina  
La., and 9. rubra L . ) ,  white ash (Fraxims americana L.), 
and black cherry  runus us se ro t ina  m r h . )  advance reproduc- 
t i o n  was monitored fo r  5 years following thinning.  In  
nonthinned s tands ,  t o t a l  oak, ash,  and cherry reproduction 
averaged more than &,OOO stems per acre ;  but fewer than 
400 per acre  were t a l l e r  than l foot and only 4 stems ex- 
ceeded a keight of 4 .5  f e e t .  After 5 years ,  numbers of 
reproduction stems t a l l e r  than 4.5  f e e t  ranged from 100 
per acre i n  nonfer t i l  ized stands receiving a li&t over- 
s to ry  th inning t o  300 per acre i n  f e r t i l i z e d  stands re-  
ceiving medium t o  heavy thinning treatments.  Black cherry 
and ash accounted fo r  more than two-thirds of t h e  stems 
t a l l e r  than 4.5 f e e t  and were the  only species t o  exceed 
10 f e e t  i n  height growth during the  5-year period. Fer- 
t i l i z a t i o n  had no e f fec t  on height growth of es tabl ished 
oak reproduct ion ,  but increased ?-year heights of ash and 
cherry reproduction by 1 t o  2 f e e t .  

f i x e d  oak types comprise most of t h e  commercial 
fo res t  l a n d  area  i n  northern Arkansas and oaks a r e  
t h e  dominant timber species throughol~t t h e  area .  
Valuahie , f ast-growing in to le ran t  species such as 
yellow-poplar (Liriodeniiron t u l i p i f e r a  L.)  do not 
occur i n  tbe  upland aixei2 oak areas  and other de- 
s i r a b l e  s p e c i e s  such as  black walnut ( Juglans 
n igra  L. ), black cherry,  and white ash occur only 
sporad ica l ly  a ~ d  only on t h e  b e t t e r  s i t e s .  There- 
fo re ,  it is inpera t ive  t h a t  present stands are  re-  
genera ted  t o  predmf nate ly  oak stands following 
harvest . 

i/ - Paper presented a t  t h e  Southern S l2 r i -  
euLt ixai  Research Conference, At lanta ,  CAI, 

Research has shown t h a t  t h e  oak component of  
young hardwood stands following c o m ~ l e t s  overs tory  
rezoval w i l l  be p r o ~ o r t i o n a l  t o  t h e  nmhers  and 
s i z e  of  oak advance reproduction present a t  t h e  
time of overstory removal ( S a n ~ e r  1971, 19'72 j . 
Size of oak reproduction 8% t he  tirne of f i n a l  
harvest  i s  c r i t i c a l  for  successfully regenera t ing 
t h e  stand.  Newly-est ablished oak seedlings 3rd 
small advance reproduction grow m c h  t o o  slowly 
t o  com~ete  successfuE.g following harvest  {Sarder 
and Clark Lg'j'Z; b i c Q ~ L I ~ i z  1975 ) . Howe-rer , Z a g e  
stems of oak advance r e ~ r o d u c t i o n  g c w  rap id ly  
afYer harvest  arid 5a~re a t i g h  p robab l i l ty  o f  be- 
coming doninant i n  the  new stands ( ~ a r v e i 1  1973; 
Sander 1911, 1972 ) . 

$lovember 7-8, 1984. 
Upland hardwood stands i n  the  B s t o n  Itfountains - Principal  S i l v i c u l t u r i s t  and Hydrologist of northern Jxkans as m a y  have sever a1  thousand 

a t  t h e  S i l v i c u l t u r e  and Hydrolorn Laboratory, reproduction stems of  eak and other des i rable  
mair?tained a t  Fayet tevi l le  , AB, by t h e  Southern species per acre t h a t  are  l e s s  than l foot  *a l l ,  
Forest Experiment S ta t ion ,  ISSDA, Forest Service,  but l a rge  reproduction i s  s?arse or  completePJr 
i n  cooperation with t h e  Universi ty of f Arkansas. 



&sent.  Vany of' these  stands a r e  within 30 years 
o f  rotaation age, a re  f u l l y  stockeC, and 3m-e well- 
developed underscories consis t ing  p r i n a r i P j  of  
Tolerant concorrilizereiai species.  Givea the  present 
s i z e  a ~ d  s t a t u s  of exist if ig reprodi;ction, t h e  new 
reprcduction stand fcllowing f i n a l  overstory re- 
=oval will collCair a aixttire of speci  es bu% will 
a ~ o s t e e r t a a l ~ y  cor_tain a low groporticn of oek. 
I-3 &o enhance developrr-,en% of es tabl ished oak advance 

repro3uction ir, such s t eads ,  a modified shel5er- 
y +,bod --, sys ten  (sander 1919, 1983; Loft is  l983a, 
1383.0; Gottschalk 1983) involving l i g h t  to medium 
overstory re~o-v-als, co~@ed with p a r t i a l  t o  con- 
ple te  ~mders to ry  control ,  i s  being evaluated f o r  
upland oak stands i n  severa l  areas .  

This repor t  reviews the  5-year height grotjth 
resporse of oaks (northern r ed ,  black,  and white ) , 
white ash,  and black cherry advance reproduction 
t o  overstory r e l ease  and f e r t i l i z a t i o n .  The study 
s i t e s  a re  oak stands with understories p a r t i a l l y  
ecnt rol led  by cu t t ing  . 

A s e r i e s  of 64 f e r t i l i zed -nonfe r t i l zed  pai red  
p l o t s ,  i n s t a l l e d  on Ozark National Forest lands as  
par t  of an oak growth and y i e l d  study ( ~ r a n e y  1980),  
provided an opportunity t o  study e f f e c t s  of stand 
density and f e r t  i l i z a t  ion on establishment and 
wowkh of oak, ash ,  and cherry reproduction. 

Each plot  was approximately one acre i n  s i z e  
(0.4 o r  0.5 acre measurement p lo t  plus a 33-foot 
buffer s t r i p  t r e a t e d  t h e  same as t h e  p l o t ) .  The 
64 p l o t s  represented a range i n  stand age of 40 t o  
75 years and i n  s i t e  index (base age 50 years fo r  
northern red  o r  black oak) of 48 t o  84 f e e t ,  and 
included four overstory densi ty  treatments:  40 
percent,  60 percent and 80 percent r e l a t i v e  stock- 
ing  densi ty  ( ~ i n g r i c h  1967) plus a nonthinned con- 
t r o l .  Pretreatment stocking dens i t i e s  f o r  a l l  
p lo ts  averaged about 106 percent f o r  t r e e s  2.6 
inches d.b.h. and greater  and i n i t i a l  basa l  areas  
averaged about 113 sq. f t .  per acre   able I ) .  
The understory subcanopy was well  developed on a l l  
study p lo t s .  Small t r e e s  (0.6 t o  2.5 inches d .b .h , )  
averaged more than 600 stems per acre and contrib- 
u"cd and addi t ional  6 sq. f t .  of basal  a rea  and 
1 3  percent stocking on study p lo t s .  

Table I. -- Stand cha rac te r i s t i c s  per acre  before 
and a f t e r  treatment f o r  t r e e s  2.6 i n .  d.b.h. 
and greater .  

9.r :&:rial. St arm3 Resldual Stand 
S~OCRIS, : Ex~ber  : Basal : : ?lu?lber : Pasial : 
Fren%ecz ' of Trees : Area. : =oekir.g : of Trees : Area : Stockin& 

R.* percent  - - - R . ~  - percent 

Xontc:nne6 131 lil I07 i 3 l  111 lo7 

3c Percent 331 115 2.06 212 8: 7%. 

Individuals of each plot-pair  were usual ly  
contiguous (o r  located i n  t h e  same s tand)  and re- 
ceived t h e  sa%e res idua l  stockicg treatment. Cine 
p lo t  i n  each p a i r  received a s ingle  f e r t i l i z e r  ap- 
p l i ca t ion  of 300 Ib N per acre  applied as  txm~oni-mt 
n i t r a t e  (34-6-3; 1 year a f t e r  t h e  thinning 
trea,tmen-k 

Overstory densi ty  treatments i n  %hkese i z t e r -  
mediate-age3 stands were accomplished by th inning 
mostly fro21 belaw. Culls &nd poor qua l i ty  t r e e s  
were removed f i r s t ,  then intermediate and sup- 
pressed t r e e s  of low qua l i ty  and vigor.  Pesidual 
stands generally contained the b e t t e r  dominants 
and codominants as  uniformly d i s t r ibu ted  a s  pos- 
s i b l e ,  although it was necessary t o  leave some 
midstory stems on p l o t s  receiving t h e  80 percent 
stocking treatment.  C4v-erstories on a l l  p l o t s  were 
predominately oak. Horthern r ed ,  black,  and white 
oaks accounted f o r  more than 90 percent of t h e  
overstory basal  a rea  before treatment and more 
than 95 percent a f t e r  thinning.  Although o f t en  
a major component of t h e  advance regeneration i n  
most s tands ,  ash and cherry represented l e s s  than 
1 percent of t h e  overstory stocking on a l l  p lo t s .  

Understories on study p l o t s  were well  devel- 
oped and consisted of t o l e r a n t  brushy o r  l e s s  
des i rable  species such a s  red  maple ( ~ c e r  rubrum 
L. ) , serviceberry ( b e l a n c h i e r  arbore-ichx. f .  ) 
Fern. ) , redbud ( ~ e r c i s  canadensis L. ) , and black- 
w ( sy lva t i ca  Marsh. ) on poor t o  medium 
s i t e s  , while dogwood (Cornus f l o r i d a  L.  ) , hophorn- 
beam f 0st rya  v i rg iniana  ( M i l l .  ) K. ~ o c h )  , pawpaw 
( ~ s i m i n a  t r i l o b a  (L. ) ~ u n a l )  , and sugar maple 
( ~ c e r  saccharum %rsh. )  were common on good s i t e s .  
Embers of small t r e e s  were highly var iable  and 
ranged from fewer than 400 per acre on some s i t e  
index 50 p l o t s  t o  more than 1,000 per acre on s i t e  
index 70 and 80 p lo t s .  To make t h e  contribution 
of small t r e e s  i n i t i a l l y  a s  uniform as possible 
across a l l  t r e a t e d  p l o t s ,  numbers of t r e e s  i n  t h e  
0.6- t o  2.5-inch 4.b.h. c lasses  were reduced t o  
about 200 per acre  (approximately 4 percent stock- 
ing ) .  Throughout t h e  period of p lo t  establishment 
and t rea tment ,  t h e  Ozark National Forest was re-  
s t r i c t e d  from use of a l l  herbicides.  Therefore, 
numbers of small t r e e s  were reduced by manually 
c u t t  ing  individual  stems. 

Repror3luction was measured on a s e r i e s  of l& 
t o  16 2-milacre c i r c - d a r  subplots systematically 
d i s t r ibu ted  across each p l o t .  On each subplot ,  
a l l  regeneration up t o  2 .5  inches d.b.3. was 
t a l l i e d  by species ,  o r ig in  ( t r u e  seedling,  seedl ing 
sprout ,  o r  sprout Pro% a cut stern) m d  t o t a l  height 
t o  t h e  nearest  1-foot c l a s s .  For a l l  oak, ash,  
and cherry reproduction, t o t a l  height and height 
growth' during t h e  5 years since treatment was 
measured t o  t h e  nearest  0 .1  foot .  

The study design was a sp l i t -p lo t  with over- 
s t o r y  stocking l eve l s  represent ing  t h e  whole p l o t s  
and f e r t i l i z e r  treatment t h e  subplots with 8 r e p l i -  
ca t ions .  Data were analyzed using analyses of 
varkance t o  t e s t  f o r  d i f ferences  i n  main e f fec t s .  

multiple range t e s t s  were used t o  com- 
pare individual  treatment means. 



RESULTS Ef fec t s  of  F e r t i l i z a t i o n  

Advance "neprodnct ion  i n  Xont hinned Sxands 

T h e  height  distriburuion of oak, ask ,  and 
cherry reproduct ion  on t h e  8 nonthinned and non- 
f e f i i l i z e d  p l o t s  i s  f a i r 2  t y p i c a l  of  reprod-dct ion  
un;ler nanth inned intermediate-aged upland oak 
s tands  5 n  t h e  Sostor2 140unCains ('?able 2 j . Pi?.- 
though Lhe  amount of oak reproduetior- would be m r e  
than  ade%uate  t o  replace  e x i s t i n g  s?;accLs, t a l l  aTi- 
vance r ep roduc t ion  ( t a l l e r  t han  4.5 f e e t )  i s  o f t en  
sparse  o r  ( a s  i n  t h i s  ca se )   sent. Most of  t h e  
oak reprodtrct ion i s  u_?der I foot  t a l l  and r e l a -  
t i v e l y  Yew stems a r e  t a l l e r  t han  2 f e e t .  Ash ar?d 
cherry reproduct  ion i s  highly va r i ab l e  through- 
out t he  Boston Nountains but i s  usual ly  most 
abundank on medium t o  good s i t e s ,  i?lthough ash  
and c h e r r y  w i l l  c o l l e c t i v e l y  cont r ibute  l e s s  t han  
l p e r c e n t  of t h e  overs tory  i n  most s t ands ,  t hey  
w i l l  r e p r e s e n t  t h e  major i ty  of  t h e  des i r ab l e  spe- 
c i e s  aavance  reproduction t a l l e r  than  2 f e e t  and 
near ly  a l l  of  t h e  reproduction over 4.5 f e e t  i n  
height   able 2 ) .  

Table 2 .--Mean height  d i s t r i b u t i o n  of oak, a sh ,  
and c h e r r y  reproduction stems per  acre  present  
i n  t h e  8 nonthinned-nonfertilized oak s tands .  

Height Class (Feet 1 
Species : <L.1 : 1.1-2.0 : 2.1-3.0 : 3.1-4.5 : >4.5 

------------- Number of Stems ------------- - 

Ash + cherry 2278 145 7 8 34 4 

l/ White , black, and northern red oaks. - 

Reproduct i on  Af ter  Treatment 

E f f e c t s  of Thinning 

Res idua l  overs tory  dens i ty  had no e f f e c t  on 
numbers of small  stems l e s s  t han  1 foot  i n  h e i g h t ,  
but  numbers of  stems i n  t h e  1.1 t o  4.5 and g rea t e r  
t han  4 - 5  height  c l a s se s  were s i g n i f i c a n t l y  g r e a t e r  
on t h i n n e d  p l o t s   able 3) .  Numbers of oaks t a l l e r  
t han  1 foot  were g rea t e r  i n  s tands  th inned t o  40 
o r  60 pe rcen t  s tocking.  Ash and cherry reproduc- 
t i o n  fo l lowed t h e  same genera l  t r e n d  a s  t h e  oaks 
a l t hough  g rea t e s t  nmber s  of  ash  and cherry  stems 
were a s s o c i a t e d  wi th  t h e  60 percent overs tory  
" e n s i t g  t rea tment .  

%mi le  nmber s  of  oak, ash ,  and cherry  repro- 
d u c t i o n  i n  t h e  th inned s tands  increased s i g n i f i -  
c a n t l y  over nmbers  i n  t h e  nccthinned s i t u a t i o n ,  
t h e  ac-tual naqbers of stems a r e  small  when com- 
pared -t;o t h e  increase  in carpeting stems of o t h e r  
s p e c i e s .  Stems of o the r  spec ies  increased from 
more t h a n  4,003 per  ac re  i n  nonthinned s tands  t o  
7,000 t o  10,000 i n  th inned s tands .  Of t h e  2,000 
t o  4,000 stems g rea t e r  t han  4.5 f e e t  i n  he igh t ,  
n e a r l y  1,000 per  ac re  (p r imar i ly  red  maple sp rou t s )  
averaged 10 t o  20 f e e t  a f t e r  5 years  (!Table 3 ) .  

lV-amber; of  oak,  ash, and ckerrzi s t e n s  l e s s  
than  I foot  ;rere s i g ~ i f i c a c t ; y  lo;rer on fertf ' ized 
p l z ~ s  across  a l l  l e v e l s  of s tocking  but vere 
gre t i t i ;~  reduced 13 t h e  x n t h i n z e d  s tands  (:able 3). 
On ?he o5her 5 8 ~ 3 ,  c-~mters of ash and cherr;: sterrs 
t a l l e r  %ha2 4.5 f e e t  increased s i g z i f i c a & l y  on 
thinrAed and fertilized p l o t s .  Zoqe5i2g  s t e ~ s  of 
otker  s ~ e c i e s  i~ a l l  height  c l a s se s  were no7 af-  
fec ted  by t h e  f e r t i l i z e r  tre~-txe:l% ('?a'~;e 3). 

Height Growth After  T r~aznend  

S f f ec t s  of  Thinning and d e r t i l '  y e i  2r1 

Oak, ash ,  and cherry seed11 A :s e s t a b l i s h e d  
f  o l l o ~ l n g  t h e  overs tory  treatmen: p r o ~ h c e d  l i % l l e  

o r  no add i t i ona l  growth a f t e r  t h e  f i - s t  year  and 
genera l ly  averaged 0.5 foot  or  l e s s  {~rzble 1 .  
Ash and cherry  seedl ings  on th inned and f e r t i l i z e d  
p l o t s  indica ted  s o w  response t o  t h e  f e r t i l i z e r  
t rea tments ,  but t o t a l  he ights  a ~ ~ e r a g e d  only  about 
0 .8  f e e t  f o r  3- and &-year seedl ings .  

Table 4 . - - ~ o t a l  average height  i n  f e e t  o f  oak,  a sh ,  
and cherry seedl ing  reproduction e s t ab l i shed  
fol lowing tre8tfl:ent 

: Residual Stocking Percent  
Treatment : Nonthinned : 90 : 60 : 40 

L/ 
Oaks- 

Nunfer t i l ized  0.4 0.4 0.5 0.5 
F e r t i l i z e d  0.4 0.4 0 .5  0 .5  

Ash + cherry 
Nonfer t i l ized  c .4  0.5 0 .6  0.5 
Pert  ili zed 0.4 0.5 0.8 0 .8  

l/ Inl i te ,  b lack ,  and northern red  oak - 

Growth of o lde r  oak seedl ings  was a l s o  r e l a -  
t i v e l y  slow during t h e  ?-year period s ince  t r e a t -  
ment but  was s i g n i f i c a n t l y  g rea t e r  under th inned 
s tands .  Heights of oak seedlings i n  t h inned  s tands  
increased  0.6 t o  3.7 foot  while seedl ings  i n  non- 
th inned s tands  grew 0.3 foo t  over t h e  5-year per iod  
(Table 5 1. Ash and cherry  seedl ing  reproduct ion  
responded s i g n i f i c a n t l y  t o  t h inn ing  and fer-Lil iza-  
t i o n  wi th  each treatment cont r ibut ing  about 1 foot  
of  add i t i ona l  height  growth (!Table 5). 

t3~rox-L reproduct ion , under s tands  th inned t o  
40 o r  60 percec t  s tocking ,  yodueed  t h e  g r e a t e s t  
he ight  growtk &?;ring t h e  5 years  s i nce  trea?;ment. 
Oak sprouts  iccreased  i n  height  by an average of  
itbout 2 f e e t ,  but did  not show an a d d i t i o n a l  re -  
sponse t o  f e r t i l i z e r ,  Heights of ash and cherry  
sprouts  increased by 2 t o  3 f e e t  on th inned and 
n o n f e r t i l i z e d  p l o t s  and by 3 t o  7 f e e t  on th inned 
and f e r t i l i z e d  p l o t s   able 5). 



Table 3.--Reproductioc per  acre  5 years  a f t e r  5kincing and L years e f t e r  f e r t i l i z d i o n  of irrterroediate- 
aged u ~ l a n d  oak stands 

Res id~ ia l  Stocking Perce2-t 
Koaf e r t i l i z e d  Fer t  ijlizelri 

Speeles : ?ior_i;hir?ced : 80 : 60 : LO : Northilzr.i.:? : & : & : 40 

................................. -- >+uq--&r of stems -------------- ---- ----------------- 

>ti.? r t .  

As"! + cherry 
K 1 . 1  f t .  2278a 926a l750a 976a 22C)a 3lC1i 31Oa 413a* 

1.l-Zc.5 f t .  25?a 66013 8G8c 476% 191a 69213 1 0 5 8 ~  806% 
>4.5 f t .  4 a 5 0b 9 4 ~  64% 0 a l38b 230c 2 0 6 ~ *  

Other spec ies  
K l . 1  f t .  264% 3080% 2312a 1595a 20168 2248a 1134% 23l7a 

1.1-4.7 f t .  316% 642% 5779b 5784b 28508 f633a 5193b 6105% 
>4.5 f t .  l l 1 3 a  2940b 396% 3506'1; l625a 1945a 326% 3962'0 

l/ White, black,  and northern red  oaks - 
2/ Stocking treiitnerit means i n  rows wi th in  each f e r t i i l i z e r  t reatment followed by the saxe l e t t e r  a r e  - 
not s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.5 l e v e l  
3/ F e r t i l i z e r  t reatment s t a t i s t i c a l l y  s i g n i f i c a n t ;  * = P< .05 - 

Table 5 .--Average ?-year height  growth ( i n  f e e t  ) 
of  oak, ash ,  and cherry  reproduction e s t ab l i shed  
p r i o r  t o  t h e  time of t reatment 

: Residual Stocking Percent 
Treatment : Nonthinned : 80 : 60 : 40 

Seedling Repr~duct  ion 

l/ Oaks- 
Nonfertilized 0.3~1- 0.6b 0.7% 0.6b 
Fer t i l i z ed  0.3a 0.6b 0.7% 0.613 

Ask? + Cherry 
Nonfertilized 0.5a 1.4% l.7b 1.6b 
Fer t i l i z ed  0 .  l a  2. lb 3 . 0 ~  2 . 6 ~ ~ ~ '  

Sprout Reproduct ion 

l / 3aks- 
Nonfertilized 0. ?a 1.2% 1 . 8 ~  2 . 2 ~  
Fer t i l i z ed  O.Sa l .bb  2.l.c 2.3~ 

Ash + cherry 
KonPert i l i z e d  0.88 2.2b 3-32 3.lc 
Fer t i l i z ed  1.2a 3.3 4.9~ 5.lc* 

2/ White, black, and northern red oaks. - 
2/ Stoc&ing treatment means i n  rows followed by the  - 
same l e t t e r  a re  not s igni f icant ly  d i f ferent  a t  t he  
0.5 leve l .  
3j F e r t i l i z e r  treatment s t a t i s t i c a l l y  s igni f icant ;  - 
* = P<.05. 

CISCUSSION 

A primary ob jec t ive  i n  us ing  t h e  shelterwood 
system i n  upland oak s tands  i s  t o  enhance develop- 
ment of  small  e s t ab l i shed  oak reproduction t o  a 
s i z e  s u f f i c i e n t  t o  be coape t i t i ve  i n  t h e  new s t and  
a f t e r  f i n a l  harves t .  Under t h e  o-rrerstory and par- 
t i a l  understory con t ro l  t rea tments  implemented i n  
t h i s  s tudy,  a l l  s tocking  l e v e l s  r e su l t ed  i n  an in- 
crease i n  average s i z e  of oak, a sh ,  and cherry  
reproduction over t h a t  e x i s t i n g  i n  nonthinned 
s tands .  Numbers of oaks t a l l e r  than  1 foot  in-  
creased from l e s s  than  100 per  ac re  i n  nontbinned 
s tands  t o  more than  500 per  acre  i n  t h e  medium and 
h e a ~ i l y  th inned s tands .  Numbers of  ash and cherry  
sterns t a l l e r  than  1 foot  i n  thinned stands ranged 
from 300 t o  1,000 per  acre  more than  observed f o r  
nonthinned s tands .  E4ost of' t h e  increase  r e s u l t e d  
fron: smaller  stems growing i n t o  t h e  1.1- t o  3,3+900t 
c l a s se s  ('Table 6). Over a l l  s tocking  t r c a t n e n t s  , 
most of  t h e  oak reproduction t a l l e r  than  4.5 f e e t  
developed f r o 3  stump sprouts  and pr imar i ly  i n  t h e  
40- t o  60-year o ld  s tands .  No oak st-mp sprouts  
were recorded f o r  70-year o ld  s tands  i n  s tudy p l o t s  
on s i t e s  10 and 86. Eased on pre th inning  diameter  
d i s t r i b u t i o n s  f o r  oak growth and y i e l d  p l o t s  rep- 
r e sen t ing  70- t o  eO-year o l d  s tands  on s i t e  In- 
dexes T O  and 80, est imated stump sprouting ( ~ o h n -  
son 1977; Sander e t  a l  1976) f a r  b laek ,  nor thern  
r ed ,  and white oaks would average only approxi- 
zntztely 40 s t e n s  pe r  acre .  Therefore,  continued 
development of  small  oak reproduction i n t o  t h e  
l a r g e r  s i z e  c l a s se s  i s  imperat ive f o r  regenera t ing  
e x i s t i n g  s tands  t o  predominately upland oak. 



Table 6. --Xean height  d i s t r i b u t i o n  ~f oak, a sk ,  
acO che r ry  r e p r o E u c t i ~ n  s t e z s  per acre  p r e s e ~ t  
i n  n o c f e r t i l i z e d  s tands  for nonthinned ace  
6~ pe rcen t  s tockin- 5rez;t~enf s 

Ash + !Cherry 
Manthinned 2278 145 - 3 b b 
6- P e r c e n t  17% b?7 2 16 153 9$ 

- - 

2ii~kite, hiack, acd xorfhern re3 oaks 

Ash and cherry reproduction t a l l e r  t han  4.5 
f e e t  developed pr imar i ly  from extended growth and 
s p r o u t s  from es t ab l i shed  seedl ings .  KLthough 
r ep re sen t ing  fewer t han  10 stems per  ac re ,  ash  
and, p a r t i c u l a r l y  , cherry  s p r o ~ t  s  o r i g i n a t  i n g  from 
cut  s tems a t t a ined  average he ights  of 10 f e e t  on 
n o n f e r t i l i z e d  p l o t s  and more than  l 5  f e e t  on f e r -  
t i l i z e d  p l o t s ,  t h e  maximums observed over t h e  
5-year period.  

While overs tory  and understory t rea tments  
imposed i n  t h i s  study r e su l t ed  i n  s i g n i f i c a n t  i n -  
c r e a s e s  i n  t h e  numbers of  oak,  ash ,  and cherry  
stems t a l l e r  than  1 f o o t ,  t h e  average 5-year in-  
c rease  i n  height  f o r  e s t ab l i shed  reproduczion, 
p a r t i c u l a r l y  oaks, was r e l a t i v e l y  small .  Older 
oak seed1ing.reproduction axeraged about 0 .1  foot  
he ight  growth per  yea r ,  while sprouts  averaged 
0.2 t o  0 .4  f e e t ,  depending on overs tory  dens i ty .  
TJearly a l l  of  t h e  oak seedl ing  and seed l ing  sprout  
reproduct ion  present  a t  t h e  time of t reatment was 
l e s s  t h a n  1 foot  t a l l  (averaging 0.3 t o  C .5 foe$ . 
Although t h e  da t a  a r e  Fased on r e l a t i v e l y  few 
stems, response of  e s t ab l i shed  reproduction t a l l e r  
t han  l foot  a t  t he  time of t reatment i nd i ca t ed  
somewhat g rea t e r  increases  i n  height  ('Table 7). 
Five-year height  increases  f o r  medium- t o  heavily-  
t h i n n e d  stands averaged about 3 f e e t  f o r  t a l l e r  
oak s e e d l i n g s  while increases  f o r  ash and cherry 
averaged about 4 and 5 f e e t  f o r  n o n f e r t i l i z e d  and 
f e r t i l i ' z e d  t rea tments ,  r e spec t ive ly .  Height growth 
of  oak sprouts  o r ig ina t ing  from e i t h e r  cu t  stems 
o r  e x i ~ t i n g  stems ' t a l l e r  t han  1 foo t  averaged about 
4.5 f e e t .  Ash and cherry sprouts  averaged about 
?-foot increases  on nonfe r t i l i z ed  s tands  th inned 
t o  6e and 40 percent overstory s t cck ing ,  while 
h e i g h t s  of spro- i~ ts  i n  f e r t i l i z e 6  s tands  a7~eraged 
about 6; t o  7.5 f e e t  f o r  t h e  saxe s tocking  
t r e a t m e n t s .  

The  s tands  f e r t i l i z e d  i n  t h i s  s tudy produced 
s i g n i f i c a n t  increases  i n  gross b a s a l  a r e a  and 
cubic Eoot volume growth of t h e  overs tory  ( ~ r a n e y  
1983) a n d  woody browse production i n  t h e  %rider- 
s t o r y  (Snyder e t  a 1  13823. These same f e r t i l i z e d  
s tands  a l s o  experienced heavy overs tory  mor t a l i t y  
during t h e  severe drought of 1980 t h a t  negated 
much o f  t h e  growth response t o  f e r t i l i z a t i o n  
( ~ r a n e y -  1983). 

Table 7. --ATVrerage ?-year height  g3:~%h ( i3 f e e t  ) 
of oak, ash ,  acd cherry reproduction t a i l e r  
tk.,ar?_ 1.2 foot  a% t h e  t h e  of  t reatment o r  sprout-  
ing  frorr, cut o r  e s t ab i i sked  s t e m  t a l l e r  t han  
1 .0  foot 

Seedlings 

7 1 "jaks;l:i 

Bonfer t i l ized  0.5 1 .6  3.3 3.5 
F e r t i l i z e d  0.5 r.6 3.4 2.9 

Ash + cherry 
Nonf e r t  i l i z e d  1 . 0  2 .0  4.2 1.0 
F e r t i l i z e d  1 .3  3.2 5.2 5.2 

Sprouts 

1 r' 
Oaks-' 

Nonfert i l i z e d  - 3.0 4.4 4.6 
F e r t i l i z e d  - 2.9 4.3 b . 5  

Ash + cherry 
Nonfer t i l ized  - 2.8 4.8 55.3 
Per t  i l i z e d  - 3.4 5.9 7.5 

l/ Wnite , black ,  and northern red oaks - 

P-pparently, %ke combination of n i t rogen  f e r -  
t i l i z a t i o n  and d~c-:,ht has a l s o  r e s u l t e d  i n  s ig-  
n i f i c a n t  mor t a l i t y  o* m a l l  oak, ash ,  and cherry  
reproduct ion .  On fe-t i i i z e d  p l o t s  , seed l ing  mor- 
t e l i t y  occurred pr imar i ly  i n  t h e  smaller  s tems,  
l e s s  t han  l foot  t a i l ,  and was most severe  i n  t h e  
nonthinned p l o t s .  While seedl ing  mor t a l i t y  on 
thinned ploLs occurred pr imar i ly  i n  younger seed- 
l i n g s  e s t ab l i shed  s ince  thinning,  l a s s e s  on 
nonthinned p l o t s  included most of t he  o l d e r  seed- 
l i n g s  and sprouts  a s  wel l .  Although t h e  1980 
drought caused some seedl ing  mor t a l i t y  on non- 
f e r t i l i z e d  p l o t s ,  i n  most cases seedl ings  su f f e red  
t o p  k i l l  and s u k s e p e n t l y  resprouted.  Nonfer t i l ized  
p l o t s  genera l ly  had a higher proport ion of  small  
seedl ing  sprouts  l a  t h e  1- t o  3-year age c l a s s e s .  

f e r t i l i z a t i o n  prcdinced no s i g n i f i c a n t  e f f e c t  
on numbers of' s t e a s  of o ther  spec ies ,  al though 
nuzibers o f  stems l e s s  than  4 .5  f e e t  t a l i  were some- 
what lower f o r  t h e  f e r + i i i z e d  60 percent ,  80 per-  
cen t ,  and nonthinned treatments than  on t h e  noa- 
f e r t i l i z e d  p l o t s .  

iRi i le  5-year height  greek of e s t ab l i shed  oak 
re2roduction was not a f f ec t ed  by n i t rogen f e r t i l i z a -  
t i o n ,  ash  and cherry produced a s i g n i  f i e a n t  he ight  
growth response on a l l  thinned p lo t s .  F e r t i l i z e r  
app l i ca t ion  increased  5-year he ights  by about 1 
foot  f o r  o lde r  ash and cherry seedl ings  and 2 f e e t  
f o r  sp rou t s .  Greatest  response was gene ra l ly  as-  
soc i a t ed  wi th  t h e  h~ and 60 percent  s tocking  l e v e l s .  
The add i t i ona l  1- t o  2-foot increase  i n  ash. and 
cherry he ight  groTwth i s  much lower tb'an t h e  1 . 8 m  
( 5 . 9  f e e t )  ?-year increases  observed f o r  N- and 



P- fe r t i l i zed  cherry seedlings i n  Penrs-ylvenia 
( ~ u c k o o 3 y  1982). Xowever , t h e  Tecnyslv~?nla 
r e s a l t s  were based on c learcut  stands with isi- 
t i a l l y  t a l l e r  r e p r o k c t  i o ~  (t a ~ l e r  than 5 f e e t  ) 
aad included an addi t ional  response t o  1 f e r t i l i -  
zer.  In t h e  3os5on ;iiIountains, only fer-kilized 
cherry st3mp sproms approached the  heigb-0-irtk 
responses indicated f o r  t h e  Penasylvsnia cherry. 

The p a r t i a l  understory control  treatment 
applied i n  t h i s  study (reducing t h e  nqmbers of 
s t e m  i n  t h e  0.6- t o  2 . 5 - i ~ h  d .b . t .  c lasses  t o  
290 per acre  by cu t t ing )  was probably t h e  l e a s t  
des i rable  method of control  bat represented t h e  
only f eas ib le  o ~ t i o n  due t o  t h e  ban on herbicide 
usage. While p o s s i b l j  a des i rskle  m u l t i ~ l e  use 
type of treatment,  it s ign i f i can t ly  increases t h e  
number of competizg stems from sprouts and -g i l l  

require  a t  l e a s t  one addi t ional  control  treatment 
before an adequate n~mber of des i rable  stems reach 
t h e  minimm s i z e  t o  be competitive a t  f i n a l  bar- 
ves t ,  After 5 years ,  numbers of competing stems 
on thinned p lo t s  more than doubled, and stems 
t a l l e r  than 4.5 f e e t  were th ree  times g rea te r  than 
on nonthinned p l o t s  . Before treatment , heights 
of subcanopy stems i n  t h e  0.6- t o  2.5-inch d.b.h. 
c lasses  averaged more than 25 f e e t ,  and on most 
p lo t s  represented a secondary closed canopy of 
shade above the  small oak, ash ,  and cherry repro- 
duction. In  such s tands ,  overstory th inning alone 
w i l l  o f t en  have no appreciable e f f e c t  on t h e  mount 
of l i g h t  reaching t h e  small reproduction. The 
understory treatment s ign i f i can t ly  increased l i g h t  
penetration t o  the  small reproduction l aye r  f o r  a 
period of a t  l e a s t  3 years and re su l t ed  i n  some 
improvement through t h e  5-year period. However, 
as sprouts from cut understory stems continue t o  
increase i n  height and smaller reproduction con- 
t inues  t o  develop, most of t h e  small oak repro- 
duction w i l l  become overtopped by l e s s  des i rable  
species during t h e  next 5 years.  

CONCLUSIONS 

While based only upon the  i n i t i a l  ?-year growth 
response a f t e r  t rea tments ,  t h e  following general  
observations are  made : 

1. The shelterwood system, combined with 
p a r t i a l  understory con t ro l ,  a2pears t o  be an ef -  
f ec t ive  system t o  enhance development of estftb- 
l i sbed  des i rable  reproduction i n  upland oak stands 
i n  t h e  Boston ivlountains. After 5 years ,  n&.mbers 
3f oak, ash,  and cherry stems t a l l e r  than 1 foot 
were s ign i f i can t ly  g rea te r  i n  t r e a t e d  stands than 
observed f o r  t h e  nonthinned controls .  Ash m d  
cherry generally produced a greater  height gruwbh 
response t o  t h e  overstory t r ea tnen t s  than did  t h e  
oak. The p a r t i a l  understory control  by cu t t ing  
treatment imposed on thinned p l o t s  decreased t h e  
l e v e l  of subcanopy shade and possibPy was of some 
temporary benef i t  t o  small reproduction. However, 
rapid  d e v e l o p e ~ t ,  of t h e  nontreated understory and 
gro~h-t,h of sprouts from cut stems have, a f t e r  5 
years ,  more than doubled t h e  n-umber of competing 
stems per acre  and have mostly overtopped t h e  

sr?,ail oak, ash, and cberry reproduction. To main- 
tain deve lop~en t  of des i rable  reproduction, an 
a3d i t iona l  understory c o n t r ~ l  %reatmeat w i l l  be 
r e q ~ i r e d ,  

2. iL residaa: overstory stocking density o f  
60 p e r c e ~ ~ t  seems a d e q ~ a t e  t o  achieve deve l~pcen t  
of es tabl ished oak, ash,  end cherry reproduction. 
Leaving a resld~~a?. avers"r,ry denai", ccC 80 percent 
genera1l;r reduce3 heigkt so-xth  of oak, ash,  and 
cherry seedlings and scrouts  and Cid not ob-~iously 
reduce nmibers of competing szems . Mean height 
gro-~kh f o r  oak, ash, and cherry reproduction 3~ 

PLOTS th isned t o  40 percent stocking was essen- 
t i a l l y  t h e  same as  t h a t  on 60 percen-i, s tocking 
p l o t s ,  Therefore, t he re  appears t o  be no advantage 
t o  leaving an understocked s i t u a t i o n  over t h e  10- 
or-more-year period required f o r  heveloFment of 
l a rge  advance reproduction. 

3. Application of nitrogen f e r t i l i z e r  t o  
st imulate growth of oak advance reproduction can- 
not be j u s t i f i e d  and could prove t o  be a l i a b i l i t y  
under c e r t a i n  circumstances. On f e r t i l i z e d  p l o t s ,  
a t  l e a s t  ha l f  of t h e  new seedlings es tabl ished dur- 
ing  t h e  study,  and many older seedlings l e s s  than 
1 foot t a l l  were l o s t  t o  morta l i ty  during t h e  se- 
vere  drought of 1980. Mortali ty of advance repro- 
duction t a l l e r  than 1 foot and large  seedling and 
stump sprouts was generally low. 

4 .  Older ash and cherry reproduction responds 
t o  nitrogen f e r t i l i z a t i o n  and numbers of stems t a l -  
l e r  than 4.5 f e e t  increased from fewer than 10 t o  
more than 200 per ac re ,  which was more than double 
t h e  numbers on nonfe r t i l i zed  p lo t s .  However, on 
nonfe r t i l i zed  p l o t s ,  ash and cherry a re  present i n  
adequate numbers and a re  s t i l l  outgrowing t h e  oaks. 
These species w i l l  most l i k e l y  become a s ign i f i can t  
component i n  t h e  thinned stands on good s i t e s  with- 
out nitrogen f e r t i l i z a t i o n  
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NATURAL EARGWOGD RSGENEI-WTZON 

Mark Fetruncl~ an6 Fuss i.,eaLi 

Abstract. Kuinerous unmerchantable trees frequently renarn 
standing following comercral clearcuttrnq of kardwoods. Tnese 
cndesrrable stems compete wrth regeneratron for lrght, molsture and 
nutrients. Thrs study was deszgned to compare alternatrve methods 
for controll-rng residuals to promote qual~ty hardwood regeneration. 
Three t r e a t r i i e n t s - - c h a r n s a w - f e l l ~ n g  all residual stems, (2 1 "  DBII ) ,  
rn3ectrng all resxdual sterns (2 1" DBH) 1~1th ~ordon(~'i/ IClR, arid 
a control In whrch allresrauals were left standrng--were evaluated 
on an Appalachran hardwood srte rn western North Carol~na. The 
number of free-to-grow naturally regenerated stems of desrrab'e 
specles, Inc1udlng oaks, rs slgnrfrcantly rncreased by chalnsaw- 
felling and decreased by rnjectrng rn comparrson to the control. 
Stand productrvrty can be upgraded by approprrately controllrng 
reslduals followrng comierclal harvest. 

INTRODUCTION 

Results from a number of related hardwood 
regeneratron studles in the Southern Appalachrans 
(McGee, 2967; McGee and Hooper, 2970; McGee and 
Hooper, 1975; McGee, 9 7 5 )  indlcate that almost 
any rntensrty of cuttrng rs followed by abundant 
reproduction. Early herght growth of seedlrngs 
and sprouts, however, 1s superior followrng 
clearcuttlng as opposed to partial cuttrng. 

Clearcuttrng alone cannot solve all of the 
problems of establishrng a desrrable stand. 
Followrng a commercial clearcut of merchantable 
trr;lber, there are often numerous desrrable spe- 
cres  elo ow merchantable srze, cull trees and 
undesrra~le specres whrch remain standrng, The 
aznouct of residuals left rs dependent upon the 
ar;iount of unnerchantable stems ln the orrgrnal 
sthnd dcd the degree of atxlrzatron. Residuals 
are potentral w o X  trees, with the rnherent capac- 
rty of rmpedrng the growth acd developxent of the 
ensurng regeneratron by cornpetrng for llgrit, 
norsture a ~ d  natrlents. 

2 j  Paper presented at Southern Sllvrcul- - 
tors? Research Conference, Atlanta, Georgra, 
November 7-8, 1964. 

2/ The authors are, respectrvely, Rese&rch - 
Assrstant and Assocrate D~rector, North Carolrna 
State Unrversxty Hardwood Research Program, 
Raleigh, North Caroirna. 

Suggested methods for controllrng resrdual 
trees rnclude shearrng, chopprng, g~rdlrng, 
charnsaw-feilrng or herb~crde 1n;ection. The 
complete clearcut where resrdua? trees are con- 
trolled, as opposed to a cornrnerclal clearcut 
where no resldual control 1s practiced, 1s sus- 
pected to be the most desirable nethod for ensur- 
rng maxlDum regeneratron productrvrty rn the 
Southern Appalachrans. This study 1s designed 
to compare alternative methods for controlling 
resrduals to proEote gua'rty hardwood regener- 
atron. Three treatments--chalnsaw-fellrng all 
resldua! stems wrth a drameter at breast helght 
(DBH) of one rnch or greater, ln7ectlng all resld- 
ua! stems (z lf* DBH) wlth  ord don'^' 101R. and a 
control rn which all reslduals are left standrng-- 
are examrned as to therr effects on natural regen- 
eratzon on an Appalachian hardwood slte In western 
North Carolrna. The research results are a por- 
tron of a larger, long-term pvoject, "Natural 
Hardwood Regeneratron rn the Sc~thern Appala- 
chrans," organrzed by the Norta2 Carolrna State 
Unrversrty-Industry Coopevatlve Hardwood Research 
Program. 

The locatron of the study srte IS wrthrn the 
South Mountarns near Dysartsvllle, McDowell 
County, N. C. The experlmenta? unzt 1s on the 
Robertson Tract owned by Champron Internatronal 
Corporation. Elevat~ons on the unrt range from 
1460 to 1700 feet wrth 40 to 70% slopes and a 
north-northwest aspect. Xean annual precrplta- 

3 /  The use of trade names rn this paper - tron 1s approxrrnately 55 rnches, and the srte 
1s for tne convenrence of the reader and does rndex is 70 feet on a 50-year re6 oak bhse. The 
not constitute an offzcrdl endorsement or censure. stand had 76 ft2/ac. basal area of merchantable 



tlmnec tnat consrst3d of a mixture of red dnc 
wnste odns, 3lCKCrleS azd red maple. (Screccrfrc 
names of the species are glvec in tne Appendix.) 
Ages of tne trees ranged fron 75 to 153 years. 
The trract has alwdys oeen forested but has proo- 
aoly been nrgfi-gradea in the past because rt cia 
riot have a lot of a_ua?ity for lts age. Tne h1g.n- 
graaedH coEdrtror 1s typrcal ~f most soutnern 
nardw~3r0d St alias X3lcn na7ie Deen sub jectea to 
repecxized, incomplete harvest:. 

The solls comprise a three-serles complex, 
the Evard, Cowee and Saluaa serres, whrch are 
Typic Hapludults. They are we:?-arained, 
moderately pc-rmecibie, loamy-textured sol,s that 
fcrirced In resrduurn from granlte, gneiss or schist. 
These sol!s are rnedlum in natural fertility ana 
well-sulted for comrnercldl prodaction of hard- 
woods but have severe eyulpment l~m~tdtrons due 
to steepness of slope. 

PROCEDURES 

IR July 1973, ri?stallatlon procedures for the 
stuay were carrlea out as directed In the 
"Generallzea Workrng Plan for Development of 
Sotithexn ii~rdwood Stands from Natural Regener- 
atron. "9 Prror to harvesting, boundarrres for 
a randortlzea complete-b3oc~ desrgn were estab- 
 shed on 25 acres. Tkelve plots, each 1-25 
acres, were permanently marked to permrt four 
re2llcdtlons of three treatments. In adartron, 
four permanect four-mllacre subplots were estab- 
lished wltnln each plot for regeneratlon sampling. 
Tne merchantdble stand was inventorled by a 20% 
crorse of each plot, and advance reproauctron 
was taxlied on all of the four-mllaere su~plots. 

The 15-acre experimental unit 1s wltnln a 
136-acre tract whlch was commercrally clearcut 
by an kndepeiident contractor In 1978 arid 1979. 
All merchantable tlmDer wrth a DBH of 6 ~nches 
or greater was harvested. The experimental resld- 
ual control tredtments were imposed after harvest. 
One treatment involved clearfell~ng all ressdual 
stems (3 l"i3BH) by chalnsaw. In the second treat- 
ment, all resrdba? sterns (b l" DBHj %were rrijected 
~ r t h  Tordon (I?) ?0lR, usin; Hypo-Hatchets (Rj. 
Tfie thrrd treatment, a control ;c whrch d?l resra- 
uals were left stand,ng, represents the typrcai 
condition followrng a comnerclal clearcut. 

The regeneratlcn was ~neasured or! tne perm- 
nent subplots rn June '983, durrag the fifth 
growlng season follo~rng h~rvest. In cidaltror, 
to aiameter dad height tallles, the seedli~gs 

4/ Kelllson, R. C. and W. E. Gardner. 1977. - 
Generalized WorKir~g Plan far Development of South- 
ern Bardmod Stands frcn Natural Regeaeratron. 
I X  Work Plans, Hardwood Research Coeperative, - 
N. C. State Unrv., Ralergh, N. C. jUnpuc'~~snea; 

arid sprouts I.qere rated as ertner free-to-grow 
or overtcpped by other trees or shrubs, for 
s2rcuts only cne stez ger sprout clamp bab 

masurea and rated. 

The original stano's 76 ft2/ue. D a s a 2  area 
or nerc~antable tinDEr cozslsted or white oaks 
(-9%) , red oaks 1 2 3 % ) ,  nlcfiorres (id%), rec 
xaglz  16%), ana the renarnier 18%) of scartsred 
ye??ot&-poplar, alack gun, shortleaf and Virgrzsa 
pine (TaDle I). 

T a o l e  1.--Tdl!y of nerchanta~le stems prlcr to 
haivzst ( J a b  1 $ 7 0 )  0'7 the Zobertson natdrcl 
regeneratrcn st~dy srte, McDowel! County, NC 

Basal Area 
Sgecres Trees/Acre (ft2/ac.) 

Wh~te Oaks 5 5 
Red Oaks 2 7 
Hrckorres ? 4 
Red Maple 13 
Otner Speclesl/ - 8 

Total 114 7 6 

--- - 

? /  Otner specres tallrea ~ncluced yellow-poplar, - 
black gam, shortleaf and Vlrglrila prne. 

The advance reprodbct~on less than 4.5 feet 
tall averageo 1026 stems per acre of deslra~le 
specses and 1042 stems per acre of undeslrasle 
specles (Table 2). The desirable advance repro- 
ductlon consisted of whrte oaks (35%), red oaks 
(?4%), red maple ( 3 7 % ~ ~  and the rernalnder (14%) 
of yellow-poplar, cacumDer magnolia, hlckorles, 
k?ack gun and yellow buckeye. Doghood and 
sassafras accounted for 83% of the undeslraole 
specles. Also present were srlverisel?, sourwood, 
perslrnmon and black locost. In adaltion, there 
was an average of 358 stens per acre of desir- 
aale and unaesrrable species greater than G . 5  
feet tall oat below the 6-lnch me~cnantable 
drame'cer. 

Five years z'ol:owrng harvest, there wer;! 
sl$zrficdnt drfferences between the treatmefirs. 
T,:e coctrol p?ots haa ar! =v~rcge resldual aasa1 
area of approxiaately 30 ft2;ac. The malformed 
crowns of the residuals ha& closed, shad~ng 
out the regeneratlcn. Cn the ckarnsaw plots 
there has no overstory competltlon. In the 
absence of competltron, the ensuing regeneratlon 
was unencumbered and deve?oped rapldly. A dlf- 
ferent sltuatlon was observed on the Inject 
pbts, the area was much more open, and a pre- 
dornrnance of early success;onal weed specles 
were present. Thls was attrrbuted to the flash- 
oack phenomenon. Tordon i R )  lOlR, a highly 



Table 2.--Advance reproduction (2 4.5 feet) 
tallred pvlor to harvest (July 1978) on the 
Robertso~ natural regeneratlon study site, 
N c D o w e ? ?  Coznty, N. C. 

Table 3,--Frfth-year (June 1983) comparative 
analysrs of regeneration developing after a 
comiercral clearcut. Two treatments--charnsaw- 
fellrng resrduals and ~n~ectrng res~duais wrth 
Tordon iR) lG1R--are compared to a control 
(residuals left untreated) on the Robertson 
natural regeneratlon study srte, McDowell 
County, N. C. Deslrab'le 

Stems/ 
Specres Acre 

Ljh~te Oak 3 1. 
Chestnut Oak 323 
NorthernRed Oak 73 
Scar let Oak 4 2 
Black Oak 3i 
Red Maple 380 
other SpeciesL' 146 

Undesirable 
Sterns/ 

Specles Acre 

Treatments 
Dogwood 583 
Sassafras 276 
Silverbell 89 
Sourwood 68 
Perslmon i 0 
Black Locust 5 

Chainsaw In~ect 
Percent Difference 

From Control Acre 
Total 
Regenerat lon I/ 
Ail Species 2/ 
Total Stems 3/ l8,7l9 
Seed? lngs 9,219 
Sprouts 4' 2,969 

Total 1026 Total 1041 

Desirable 
Species ?/ 

Total Stems ?/ 13,953 
Seedlings 8,203 
Sprouts?/ 1,750 

L'Other species present lncluded yellow-poplar . 
cucumber rnagnolra, hickories, black gum and 
yellow buckeye. 

actrve systemlc herbic~de, rs water soluble, can 
move w ~ t h  surface runoff water, and can remarn 
phytotoxlc for a year or longer when it enters 
the soil (Dow Chemical, 1979). Tordon (R) lO!R 
not only elrmlnated the reslduals but other seed- 
lings and sprouts by translocation through root 
grafting. Addrtronally, untreated trees were 
affected by root uptake of herbicide leached 
into the sol? or excreted by the roots of nearby 
treated trees. 

Large 
6 /  Regeneration- 

All Species 2/ 
Total Stems ?/ 5,125 
Seedlings 438 
Sprouts 4/ 984 

Desirable 
Species Z/ 

Total Stems 3-/ 3,875 
Seedl ings 391 
Sprouts 41 6 2 5 

The results of each of the two alternatrves 
are compared and the number of stems IS expressed 
as a percent drfference from the control situation 
(Table 3). In doing so, we are evaluating for 
biologrcal differences and economlc justification 
for lmposing each of the two treatments which 
have assoelated costs, compared to what would 
ensue w ~ t h  no treatment at no addltronal cost. 
Overall, chainsaw-fellrng the resrduals rncreased 
the number of stems in all categorres except 
total stems of desrrable specles, while lnjectlng 
the reslduals decreased the number of stems rn 
all categorres except large regeneration of 
deslrable and undesrrable specles collectively. 

Free-to-Grow 
Desirable 
Species 5/ 2,625 

Total Oak 
Regeneration 
Total Stems A/ 3,500 
Seedlings 797 
Sprouts j/ 766 

I/~otal regeneratron includes regeneration of 
all sizes. 

2/~11 species includes desirable and undesirable 
species. 

The total number of stems of all species was 
srgnificantly increased by chalnsawlng and de- 
creased by In~ectlng. When the total regeneration 
was analyzed by specres, there was an rncrease rn 
the number of desrrable stems on the chalnsaw 
plots and a slgnrficant decrease on the inject 
plots. The lnjected residual stems included both 
deslrable and undesirable species. Injecting 
ellrnrnated the stems of desirable species below 
merchantable slze, whereas chalnsawing lnduced 
vxqorous resproutlng. The opposlng responses to 
these treatments accounts for the drfferences in 
the number of stems of desrrable species. 

/~otal stems includes all stems per sprout clump 
plus seedlings. 

/Sprouts includes only one dominant stem per 
sprout c lump. 

?/~esirable species are listed in the Appendix. 

6/~arge regeneration is greater tnan 4.5 ft. tall. 
* Significant at 0.10 level of significance 



&'F,dlnsawing srgniircanc ly lacreased the totdl 
n;mber of stems greater than 4.5 Eeet, whrle there 
was almost no difference between Injecting and 
the cor'tro:. The large regeneratroc of deslraale 
speclc;~ will likely have the sest chance of silr- 
vrvizg and cecorrirng future crop trees, compared 
to t h e  regeneratlor1 less thaiL 4.5 s e t  at 5 years. 
TallleS of the numerous stems weald not have Deen 
as znfarxatlve without a measare of competitroR 
such a s  tke free-to-grow category. Although no 
ssgnrf5Lcant differences were found :rL tne number 
of large stems of desrrable species Detheen the 
treatments, there was a significant increase In 
the cumber of free-to-cjrow stems of desirable 
specre5 on the chainsaw plots. 

TLmber managers In the Southern Appalachians 
are corrcernea wrth the proportron of oaks In the 
ensulng regeneration because of thelr commercial 
value. On the control plots, QaR regeneration 
made u p  25% of the deslrable specles. The number 
of oaks was increased by chalnsawxng the resrdila1.s 
and signrflcantly decreased by rnjectring. The 
more valued specres, oaks, appear to be very sus- 
ceptribi e to f I ashback by Tordon (R) lOlR. 

CONCLUSION 

We are beginning to manage the total forest 
resource, lncludlng nardwood srtes, Tremendous 
opportunltles exrst for improvrng the qualrty 
of the resource. Objectrves of ~udrcrous hard- 
wood management are to perpetuate and upgrade 
stand product~vrty. Early results lndlcate that 
these objectives can be achleved by clearcutting 
and approprrtately control?lng resrduals to favor 
natural regeneratron, a method that mrmlcs Nature 
better than any other harvesting system. 

Treatment by chalnsaw 1s faster, less expen- 
slve (Cathey, 1933) and a more effective means 
of controlling resrduals than the ~ypo-~atchet(R). 
The appearance of the cuttlng unrt 1s tremendously 
rmproved by clearfelllng the resrduals. Thls 
1s an rmportant Issue for an aesthetically mrnded 
publlc. 

Chalnsaw-felling ss currently belng adopted 
by land managers as a preferred resldual control 
treatment on Appalachian hardwood sltes as a re- 
sult of this study and other operational experl- 
ence (Cathey, 1983). The number of free-to-grow 
stems of deslrable specres, lncludlng oaks, 1s 
slgnifrcantly rncreased by charnsaw-felllng the 
resrduax s and decreased by rn jectrng wkth Tordon (R) 
l01R In eomFarlson to the control. Analysls of 
fiftri-year regeneratron measurements indrcates 
that the use of chalnsaws to control resrduals 
can be a n  effective and desirable method for In- 
provlng catural hardwood regeneratron In the 
Southern Appalacnlans. 
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Scientific and common names of tree species 
referred to in this study: 

Scientific Name Common Name 

+ Acer rubrum L. Red Maple 
+ Aesculus octanara Marsh. Yellow Buckeye 
* Amelanchrer arborea 

(Michaux F. ) Fernald Serviceberry 
+ Carya spp. Nuttall Hickory 
* Castanea dentata 

(Marshal 1) Borkh. American Chestnut 
* Castanea pumila (L. 1 Miller Chinquap~n 
* Cornus florida L. Dogwood 
* Crataegus spp. L. Hawthorn 
* Diospyros virginiana L. Persimmon 
+ Fagus grandifolia Ehrh. Beech 

* Ilex opaca Aiton -- Holly 
i- Llrrodendron tulrplfera L. Yellow-Poplar 
+ Magnolia acuminata L. 
-+ Kyssa sylvatrca Marsh. 
* Oxydendrum arboreun (L.) DC. 
+ Plnus echrnata Mlller 
i- Prnus vrrginlana Miller 
+ Prunus serotlna Enrh. 
t Quercus alba L. -- 
4 Qiiercus coccinea Muenchn. 
+ Quercus pflnus L. -- 
4 Quercus rubra L. -- 
+ Qcercus velutlna Lam. 
* Roblnra pseudoaccra L. 
* Sassafras albrdum 

(Piuttallj Nees. 

+ Desirable Species 
* Undesrrable Species 

Cuc~mber Magnolla 
Black Gum 
Sourwood 
Shortleaf Pine 
Vlrginia Prne 
Black Cherry 
White Oak 
Scarlet Oak 
Chestnut Oak 
Northern Red Oak 
Black Oak 
Black Locust 

Sassafras 



PBLIMINARU RESULTS OF EXPERIMENTAL PRESCRIBED BURNING TO FAVOR 0% REGENERATION 
ON r n ~  NORTH CAROLINA PIEDKONTL~ 

2 1 Williarn C. Davis and Stephen J. Begin- 

Abstract.--A study was begun on Duke Forest in 1980 to 
assess the effects of prescribed burning -on the establishntent 
of oak regeneration beneath mixed hardwoods stands. Five 
stands were first burned in the fall of 1980 and reburned 
during the late winter of 1984. Understory vegetation was 
tallied annually in four height classes: 0-2 ft, 2-5 ft, 
5-12 ft, and greater than 12 ft but less than 2 inches dbh. 
The larger size classes were essentially eliminated by the 
first burn. The number of stems in the smaller size classes 
increased after the fire, and species densities changed 
substantially. Yellow-poplar produced an average of 64,000 
germinants in 1982, which had decreased to 19,000 by 1983. 
The number of oak seedlings remained constant although their 
relative position declined due to the yellow-poplar ger- 
minants and abundant sprouting of large top-killed hardwoods* 
The burning regime and annual monitoring will continue. 

L/ Paper presented at Southern Silvicultural Research 
Conference, Atlanta, Georgia, November 7-8, 1984. 

Assistant Professor of Silviculture and Research 
Assistant, respectively, Duke University, Durham, NC. 



FEDERAL INCONfS TAX TREAmEKT OF SILVICULTURAL 

COSTS ASSOCIATED WITH YOUNG PINE STmDSL/ 

William C.  Siegely 

Abstracts.--The Revenue Code provides five methods for 
recovering silvicultural costs. The correct or optimal proce- 
dure is often difficult to determine. This paper reviews and 
analyzes the present law in terms of various silvicultural and 
protection practices associated with young pine stands. 

INTRODUCTION 

Many silvicultural and related protection 
practices are employed by foresters in the estab- 
lishment and early management of young pine 
stands . The Internal Revenue Code permits 
recovery of part of the costs of these activities, 
if reported on the federal income tax return, 
This process, however, is not always an easy one, 
The law reflects the wide variability among prac- 
tices b y  providing five separate methods of 
recovering expenses .?/ The extent of savings 
depends on which is used. The correct or optimal 
procedure, and whether mandatory or optional, in 
turn depends on: (I) what the practice is, (2) its 
purpose, and (3) the taxpayer" tax status and 
cash-flow position. Being able to treat a partic- 
ular silvicultural expenditure in a certain way 
for federal income tax purposes, as opposed to 
another way, may mean the difference between the 
practice being cost-effective or not. 

The major problem is determining whether a 
silviculltural activity is legally part of the 
stand establishment process, a protection measure, 
or associated with maintaining and improving an 
established stand. Sometimes a single practice 
may falH into two or more of these categories at 
the same time. In many instatices the distinction 
is not clear, but depends on a number of different 
factors -- all of which must be considered. 
Recent t a x  law changes in this area have further 

I/ Z?ap!r presented at Southern Silvicultural 
Research Conference , Atlanta, Georgia, November 
7-8, 1984, 

2 1  Chief Economist and Project Leader, USDA, 
E'orez Service, Southern Forest Experiment 
Station, New Orleans, Louisiana. 

3 1  These methods include three types of capi- 
talization -- deduction of capitalized expendi- 
tures from sale proceeds, capital cost recovery 
(depreciation) and amortization -- as well as 
expensimg (deduction of expenditures in year 
incurred) and investment tax credits. 

added to the confusion. What was formerly correct 
may not necessarily be so today. 

This paper will review and analyze the present 
law regarding the federal income tax treatment of 
silvicultural and related protection costs associ- 
ated with the establishment and management of 
young pine stands. Such activities as prescribed 
burning, use of chemicals, mechanical brush and 
weed control, rodent control, insect and disease 
control, fertilization, weeding, cleaning, pre- 
commercial thinning, wildfire prevention and con- 
trol, and various timber stand improvement (TSI) 
practices will be addressed. Guidelines will be 
presented to assist managers in making the proper 
federal income tax determinations. 

COST RECOVERY PROCEDURES 

In order to partially recover silvicultural 
costs, they must either be deducted as operating 
expenses (often called expensing) or capitalized. 
Sometimes a tax credit may also be taken. Capi- 
talization is generally less advantageous than 
expensing. 

Capitalization 

Section 263 of the Internal Revenue Code pro- 
vides that amounts expended for real estate or 
equipment used for business or investment pur- 
poses, or to make improvements that increase the 
value of such property, are non-deductible capital 
investments.&/ The rule of thumb is that the 
benefits of capital expenditures are either per- 
manent, or that they will last for a determinable 
period of more than one year. Such costs must be 
capitalized -- that is, they must be segregated 

4 f  The term "non-deductible" as used here does 
not mean that such costs are not deductible per 
se, but rather that they cannot be taken as a 
current deduction in the year they are incurred. 



into a capital account. They are generally not 
recoverable imediately, but rather are deducted 
from income over a period of time as the capital 
asset or improvement with which they are associ- 
ated is sold, used up, or worn out. The precise 
procedures employed to recover capital costs vary, 
depending on the nature and useful life of the 
asset acquired or the practice undertaken. 

Deduction from Sale Proceeds 

Deduction of a capitalized expenditure from 
sale proceeds is usually the least desirable 
recovery method from the taxpayer's standpoint. 
However, this procedure must be followed for items 
with a permanent or indeterminable life, or for 
practices with a permanent benefit. Not only is 
the deduction deferred until the asset is sold 
(sometimes a period of many years), but it usually 
offsets a long-term capital gain that is taxed at 
a much lower rate than is ordinary income. 

Capital Cost Recovery 

Capitalized expenditures for machinery and 
equipment having a useful life of more than one 
year are generally recovered by a process called 
capital cost recovery (formerly termed deprecia- 
tion) .?/ Annual deductions, which in the aggre- 
gate total the cost of the item being depreciated, 
are taken on the tax return over the useful life 
of the item. Useful lives (recovery periods) are 
determined in accordance with guidelines issued by 
the Internal Revenue Service. Capital cost 
recovery deductions may offset ordinary income 
from any source, which makes them considerably 
more advantageous than a deduction from a long- 
term capital gain. 

Amortization 

The third method of recovering a capitalized 
cost is by amortization. Capital expenditures not 
associated with machinery or equipment, or not 
otherwise depreciable, but which add value to a 
capital asset by providing a non-permanent benefit 
of more than a year's duration, may be deducted in 
annual installments over the life of the benefit 
or, in some instances, over another specified 
period of time. These deductions may also be off- 
set against ordinary income from any source and 
thus have an advantage similar to that of depreci- 
ation. 

Expensing 

Expenditures categorized as operating costs 
may be deducted in full from ordinary income from 
any source (expensed) in the year they are 

51 Internal Revenue Code, Sections 167-168. - 

incurred.k/ These expenses -- sometimes referred 
to as "ordinary and necessary" costs -- are those 
generally related to the income potential of the 
property (Briggs and Condrell, 1980; U.S. Depart- 
ment of Agriculture 1982). It is not necessary 
that the property be currently producing income, 
but the owner must have a profit motive. The term 
"profit" can be limited to appreciation in value. 
Expensing is, of course, more advantageous than 
capitalization since the entire deduction is taken 
in the year that the cost is incurred and may 
always be offset against ordinary income. A dol- 
lar saved today is more valuable than one saved 
later, 

Tax Credit 
* 

A tax credit, rather than being a deduction 
from taxable income -- as are the other methods of 
recovery -- is a direct deduction from taxes owed. 
For example, a person in the 40 percent tax brack- 
et with a $500 cost taken as a deduction against 
ordinary income would save $200 in taxes. If the 
$500 were allowed as a tax credit, however, the 
savings would be $500 -- not $200. 

TAX TREAmENT OF SPECIFIC SILVICULTUW PRACTICES 

How should the costs of specific silvicultural 
and related protection practices be treated on the 
federal income tax return? Costs directly asso- 
ciated with establishment are capital expenditures 
and must be capitalized.l/ On the other hand, 
most of those incurred for stand maintenance or 
protection are usually considered to be current 
operating costs and thus expensable. There are 
some exceptions to this general rule, however. 
For example, even though particular machinery or 
equipment expenditures may be incurred for stand 
maintenance or protection, they are nevertheless 
considered to be capital items and must be capi- 
talized. If a practice involves both stand estab- 
lishment and stand maintenance, the cost may be 
proportionately allocated between each. 

Recovery of Stand Establishment Costs 

Prior to 1980, stand establishent costs could 
only be recovered as a depletion deduction when 
the timber was cut, or as a deduction from sale 
proceeds when the timber was sold. The gain in 
such situations, against which the deduction is 
taken, is usually a long-term capital gain -- 
taxable generally at a much lower rate than 

6 /  Sections 161-162 of the Internal Revenue 
codeallow corporate and individual businesses to 
deduct all "ordinary and necessary expenses." 
Similar language is found in Section 212 relating 
to expenses of producing income from, or in man- 
aging and conserving nonbusiness investment type 
property held by individuals. 

7 1  Treasury Regulation 1.611-3(a) - 



ordinary income.8-/ This type of recovery is not 
nearly a s  advantageous as a more timely deduction 
from ordhinary income. 

Since 1980, however, the first $10,000 of 
stand establishment costs each year, even though 
capitali-zed, have been recoverable by amortization 
before =he trees are cut or sold. A fiction in 
the law -was created, setring the useful life of 
the trees at seven years. Two options are avail- 
able. The first consists of amortizing the total 
allowable annual cost ($10,000 maximum) over 8 tax 
years, beginning with the year the expenditure was 
made, One-fourteenth of the cost is amortized 
that yeair, one-seventh during each of the next six 
years, and the remaining one-fourteenth the eighth 
year. The deductions may be taken whether or not 
the taxpayer itemizes deductions on his tax 
return. In addition, an eight percent tax credit 
is also allowed (eight percent of a maximum of 
$10,000) , 

The second option is to amortize 95 percent of 
the total allowable annual cost ($9,500 maximum) 
over eight tax years as described above. In this 
case, a ten percent tax credit is allowed (ten 
percent of a maximum of $10,000). This latter 
election. is usually more advantageous for most 
taxpayer s . 

The amortization and credit provisions are 
separate elections, Either or both can be sel- 
ected or rejected. If the taxpayer chooses not to 
amortize qualifying expenditures, they may be 
capitalized in the traditional way -- as an offset 
when the timber is cut or sold. In any event, all 
establishment costs in excess of $10,000 per year 
must also be recovered by that method. 

Recovery of Stand Maintenance 
and Protection Costs. 

All stand maintenance and protection expenses 
that fall within the category of current operating 
costs (ordinary and necessary expenses) may be 
deducted (expensed) against ordinary income from 
any source in the year they are incurred (U.S. 
Dept, Agriculture 1982, Cox 1984)2/. To utilize 
this procedure, however, the taxpayer must itemize 
deductioms on his return. As an alternative, most 
current sperating costs may be capitalized as 

81 For non-corporate taxpayers, the long-term 
capital gain tax rate is only 40 percent of the 
tax rate applied to ordinary income. For corpo- 
rate taxpayers, the ordinary rate is less than the 
long-term gain rate on the first $50,000. On that 
portion of a corporate taxable gain exceeding 
$50,000, however, the reverse is true. In such 
situatioms, the differential between the two rates 
can be a s  much as 18 percent--a 28 percent long- 
term capital gain rate versus a 46 percent ordi- 
nary rate, 

9/ AlItso see footnote 4, supra. - 

"carrying charges" rather than expensed.=/ This 
would normally occur only in those years in which 
the taxpayer does not itemize deductions, I n  
those instances, if not capitalized, they would be 
permanently lost for tax purposes, Capitalized 
carrying charges are deducted from safe proceeds 
when the timber to which they apply Is cut or 
sold. 

As has been pointed out, certain costs associ- 
ated with stand maintenance and protection may not 
be current operating costs. Such expenses must be 
capitalized, Specific recovery procedures will be 
discussed later. 

Stand Establishment Versus Stand Maintenance. 

Some silvicultural situations obviously fall 
into the establishment category and some into the 
maintenance and/or protection category. For exam- 
ple, the law is clear that direct costs incurred 
in connection with reforestation by planting, 
direct seeding or natural seeding are part of the 
stand establishment process and must be capital- 
ized.g/ The Internal Revenue Service (IRS) has 
ruledc/ that such costs include those for: 

(a) Preparation of the site, including any 
girdling, herbicide applications, baiting 
of rodents or brush removal work to afford 
good growing conditions; 

(b) acquisition of seedlings and seed; and 

(c) labor and tools, including depreciation of 
equipment such as tractors, trucks, tree 
planters and similar machines used in 
planting or seeding. 

The IRS has further ruled21 that: 

(a) ' The cost of seedlings includes the amount 
expended for those purchased, and those 
planted and raised by the taxpayer; and 
that 

lO/Internal Revenue Code Sections 265-266; 
'Trea=ry Regulation 1.266-1. . 

111 Treasury Regulation 1.611-3(a); Chapman 
a n d x w e y  Lumber Co. v, United States, 238 F. 
Supp. 869 (W.D, Tenn. 1965, rev9d on other 
grounds, 359 F.2d 495 (6th Cir. 1966); Belcher v. 
Patterson, 60-2 U.S, Tax Gas, 9733 (N.D. ALA. 
19601, rev'd on other grounds, 302 F.2d 289 (5th 
Cir, 1962). 

12/Revenue Ruling 75-467, 1975-2 C.B. 93, 
superceding Revenue Ruling 55-252, i955-1 C.B. 
319, 

131Revenue Ruling 66-18, 1966-1 C.B. 59. 
Klthugh this ruling deals with a Christmas tree 
operation, it is applicable to other timber oper- 
ations as well. See Barham v,  United States, 301 
F, Supp. 43 (D, GA, 1969), affirmed 429 F,Zd 40 
(5th Cir. 19701, 



(b) Labor and tool expense includes all costs 
involved In planting the seedl ings , 
including ail amounts expended for trans- 
portation, supervision and labor,  equip- 
ment rental and depreciation of omed 
equipment and tools used in connection 
with the planting. The portion of the 
depreciated cost of equipment thus added 
to the basis of the seedlings should be 
proportionate to the use of the equipment 
or tools in planting as compared with the 
use of such equipment or tools in other 
aerivitles of the taxpayer,e/ 

Thus there is no question that silvicultural 
costs directly concerned with site preparation, 
natural regeneration, seeding and planting are a 
part of stand establishment and must be capital- 
ized. The law is Less clear, however, regarding 
silvieultural operations performed after regen- 
eration has been accomplished, or in stands that 
contain a mixture of both older trees and young 
reproduction. When are such activities part of 
the establishment process and when are they asso- 
ciated with stand maintenance? Some of these 
issues have been addressed by the IRS, both 
informally and in the form of revenue rulings. 
Still others have received the attention of the 
@ouras * 

Brush Control 

The IRS has discussed brush removal in young 
pine stands by stating in Revenue Ruling 66-18Ej 
that "brush removal work performed a year or two 
after planting is considered to be proximately 
related to the establishment of the seedlings, 
Such work is essentially a part of the planting 
operation, and its cost should be capitalized," A 
key distinction raised by this ruling is the dif- 
ference between brush removal and silvicultural 
practices, The ruling goes on to state that costs 
for brush removal incurred after trees have become 
established are in the nature of maintenance 
charges for a silvicultural practice and thus are 
deductible as an ordinary and necessary trade or 
business expense* Therefore, whether brush con- 
trol expenditures w s t  be capitalized -- or may be 
deducted -- depends on the timing of the practice, 
The critical factor is whether the seedlings have 
become established or nor, It is immaterial 
whether ehemiczls, fire or mechanical control 
means are used, Seedlings would not be considered 
to be established if brush control was crucial to 
their continued survival, This could still be the 
situation several years after planting or seeding, 
OR the stbe% hand, the IRS here recognized that 
seedlings could becom established in as little as 

141 Thus that portion of the machinery and 
equiGnt depreciation allowance attributable to 
stand establishment must be capitalized as a stand 
establishment cost, I r  may not be taken as a nor- 
mal depreciation deduction, 

151 Footnote 11 supra, - 

one year -- that is, brush removal would enhance 
their growth and vigor, but not be essential for 
survival, The practice may also serve a dual pur- 
pose in uneven-age stands, It may be a site pre- 
paration measure (prior to either interspersed 
planting or natural regeneration), but at the same 
time increase the growth and vigor of established 
seedlings, In such a situation, allocation of 
cost can be made between capital and e x p e n s e ,  
proportional to the exten& of each of the two 
benefits, 

Since Revenue Ruling 66-18 deals with a 
Christmas tree operation, some IRS officials have 
attempted to limit its applicability with respect 
to brush control to just Christmas trees and not 
to eo~mercial timber operations.E/ They have 
argued that brush control in established comer- 
cia1 stands improves the timber by promoting its 
long-term growth and enhancement (a benefit 
lasting more than one year) and thus is a capital 
improvement the cost of which must be capitalized. 
The weight of authority, however, is against this 
position. Revenue Ruling 66-18 contains expres- 
sion of opinion by the IRS regarding issues of 
capitalization versus business expense which are 
relevant as well to standard timber operations 
(Briggs and CondrelLl, 1978 at page 86). These 
were pointed out in Barham v, United States g/ 
where a federal district court held that the brush 
control portion of Revenue Ruling 66-18 applies to 
comercial timber stands as well as to Christmas 
tree operations, The District Court, which was 
upheld by the Fifth Circuit Court of Appeals, 
ruled that just because commercial southern pine 
timber may be harvested many years into the future 
(as opposed to only a few years for Christmas 
trees) is no basis for not applying the ruling to 
brush control expenditures in such stands. The 
Court, citing several additional authorities, 
further pointed out that brush control in estab- 
lished stands -- even though having certain capi- 
tal characteristics -- is nevertheless a cultural 
practice, and thus its cost is an ordinary and 
necessary trade or business expense which is 
currently deductible under Section 162(a) of the 
Internal Revenue Code. Briggs and Condrell (1980) 
have also stated that the cost of brush removal, 
if done as a cultural operation after plantZng has 
been accomplished (the stand established), may be 
expensed. 

The correct tax determination will obviously 
vary among individual brush control situations. 
If it becomes an issue, independent professional 
forestry judgment and opinion should suffice to 
settle the question, For example, in the Barham 
Case, the plaintiffs relied on the testimony of a 

1 6 1  The forestry staff of the LRS district 
o f f i z  in Atlanta evidently still holds to this 
position, as indicated by informal colmolunieations 
between members of that staff and several of the 
author's colleagues. 

171 Footnote 11, supra, - 



consultsing forester that the young pine trees in 
quest i o n  were established and growing. 

Fire Protection and Control 

Although the issue has not been addressed by 
either the LRS or the courts, there may be a way 
that a portion -- or even all -- of brush removal 
costs F n  unestablished pine stands can be expensed 
rather than capitalized. Fire protection and con- 
trol expenditures are always currently deductible 
as operating costs, whether incurred in an estab- 
lished or unestablished stand (Briggs and 
Condrel-1, 1978; U.S. Department of Agriculture 
1982; Briggs and Condrell, 1980; Cox 1984).g/ 
Thus, ?lo the extent that brush removal can be 
shown to be a fire protection measure by reducing 
the fuel hazard, the cost should be a deductible 
rather than a capital one. In other words, the 
expendi ture should be deductible to the extent 
that i t  relates to fire protection versus the 
extent to which it is necessary for stand estab- 
lishment. If brush removal is essential for stand 
survival, and can also be shown to serve as a fire 
protect ion and control measure (a dual purpose), 
then It would seem to be reasonable to capitalize 
half the cost and deduct the other half, If the 
issue 2s raised, expert opinion or testimony may 
be necessary to establish the probability of fire 
in a particular area and the necessity of control 
by removing brush. Foresters can also render 
expert opinion about the liklihood of stand estab- 
lishment in the absence of control, Soil moisture 
conditions, seedling vi gor, time of planting or 
seeding, and other successful ref ores tat ion 
efforts nearby that did not rely on the practice 
would all be relevant to proving that stand estab- 
lishment is not a primary motive and function of 
brush removal. 

Weeding, Cleaning, Improvement Cutting 
and Precommercial Thinning 

The IRS also stated in Revenue Ruling 66-18131 
that silvicultural practices such as weeding, 
cleaning and noncomercial thinning -- and, by 
implication, improvement cutting -- "incurred 
after the trees have become established" are in 
the nature of maintenance activities and thus the 
costs are deductible as ordinary business 
expenses. Situations in which this distinction 
becomes an issue will also very likely be decided 
on the basis of the timing of the work, just as 
with brush control. The Barhaa decision=/ also 
addressed the applicability of this portion of the 
ruling to emercial timber operations, The court 

181 Also see Treasury Regulation 1,162-1; 
ReveTe Ruling 66-18, supra; Warner Mountains 
Lumber Co, v, Gomissioner, 9 T,C. 1171 (1947), 
Acq,  1948-2 C.B. 4 ,  

19/ Footnote 11, supra. - 
20/ Footnote 11, supra* - 

held that expenditures for these practices in 
association with young but well established pfne 
trees being gram for comerciaf timber purposes 
were deductible business expenses in keeping with 
the LRS position in Revenue Ruling 66-18. The 
plaintiffs here relied on the expert testimony of 
their consulting forester that the costs in ques- 
tion were comon and economically Beneficial ones 
associated with established stands in the tree 
farming business, 

Weeding and cleaning expenditures have not 
been addressed by other authority except to the 
extent that such activities would be included 
under brush control, Humerous other authorities 
substantiate the expensing of precommercial 
thinning costs, however (Cox 1 9 8 4 ;  Briggs and 
Condrell, 1980; U-S. Department of Agriculture, 
1982; Research Institute of herica, 1984).=/ 
Pitsenbarger (1982) has written that although a 
few IRS agents have proposed that precommercial 
thinning is sometimes a part of stand establish- 
ment, that none to his knowledge have forced the 
issue. Improvement cuttings are discussed by 
Briggs and Condrell (1980) as follows: "if ordi- 
nary and necessary business expenses fall within 
the category of . . . carrying charges, they can be 
expensed .... While carrying charges are not 
specifically defined in the regulations, they gen- 
erally include ... such expenses as .. . improve- 
ment cutting." Briggs and Condrell go on to say 
"Suppose he makes expenditures f o r  ... and 
improvement cutting in immature stands not as 
incidental to any planting operations. These 
expenses are deductible." 

Weeding, cleaning, improvement cutting -- and 
possibly pre-comercia1 thinning -- may also serve 
a multiple purpose in mixed-age stands, These 
practices can increase the growth and vigor of 
established trees and at the same time insure sur- 
vival of young seedlings, In such situations it 
should be possible to allocate expenditures 
between capital and expense based on professional 
expertise and judgment. 

Timber Stand Improvement (TST) 

The costs of destroying unwanted mature hard- 
woods have also been the subject of a recent TRS 
ruling.21 The facts stated in that ruling that 
the taxpayer owned extensive loblolly-shortleaf 

r example, see U,S, Department of A g r i -  
c u l G e  1982, Guide to Federal income Tax for 
Timber Owners, This publication was reviewed and 
approved by the IRS prior to publication. On page 
9, the following statement is made: "'Noncomer- 
cia1 thinnings of imature stands and timber stand 
improvement (TSI) work are not, strictly speaking, 
activities involving carrying charges, If such 
work is done after the stand is established, you 
can deduct the cost as an operating expense*" 

22/ Revenue Ruling 76-290, 1976-2 C,B,  188, - 



pine acreage that also contained numerous hard- 
woods, For restocking after harvesting, the owner 
relied primarily on natural regeneration by uti- 
lizing seed trees, eradicating the hardwoods when 
the seedlings were from 3 to 7 years old. Wow- 
ever, if adequate natural stocking was not 
achieved after 3 to 5 years, he resorted to plant- 
ing. The hardwoods were then eliminated as part 
of the site preparation process. Both mechanical 
and chemical control methods were used, The hard- 
wood eradication, whether associated with planting 
or seeding, was a one-time endeavor -- not a 
recurring practice, The IRS ruled that it consti- 
tuted site preparation in both situations, was 
therefore a part of stand establishment, and thus 
a capital cost. An important issue associated 
with this ruling concerns identification of that 
point in time when naturally regenerated loblolly 
and shortleaf seedlings under a hardwood canopy 
become established. The IRS held here, under the 
facts presented by the taxpayer, that establish- 
ment does not occur until at least 7 years. Bow- 
ever, the time period could differ from one situ- 
ation to another. Pitsenbarger (1982) reports 
that a common agreement with IRS agents with 
respect to hardwood deadening has been 5 years, 
and that the time period is negotiable depending 
on the particular agent involved. It is also pos- 
sible that hardwood eradication as described in 
this ruling could serve a dual purpose -- there- 
fore justifying an allocation of costs between 
capital and expense. 

Numerous other authorities also support the 
deductibility of TSI expenditures in established 
stands as current operating costs (Cox 1984; U.S. 
Department of Agriculture 1982; Briggs and 
Condrell , 1980) .=/ 

Rodent, Animal, Disease and Insect Control 

The costs of rodent, animal, disease and 
insect control in established stands are clearly 
deductible expenses even if non-control would 
result in death of the trees (U.S. Department of 
Agriculture 1982; Briggs and Condrell, 1980). In 
stands that have not yet become established, how- 
ever, the tax status of such expenditures would 
seem to hinge on whether control is essential for 
initial seedling survival and growth or whether it 
serves only to enhance vigor and existing growth. 
In the former instance, the cost is part of the 
stand establishment expense and thus a capital 
expenditure.241 In the latter situation, it is 

231  See Footnote 17, supra. - 
24f The IRS has addressed rodent control in 

nonexblished stands in Revenue Ruling 75-467 
(Footnote 10, supra), stating that the expense of 
such control is a capital cost if part of the site 
preparation process. Although animal, disease and 
insect control have not been formally discussed by 
the IRS in a similar context, the same rationale 
would seem to apply. 

clearly a maintenance expense and thus currently 
deductible. Again, in stands of mixed age, mul- 
tiple purposes could be involved, pointing to 
allocation of cost between capital and expense. 
If the issue arises, professional expertise and 
judgfilent should be utilized to make the proper 
determination. 

Fertilization 

The IRS has issued no formal rulings on the 
treatment of fertilization expenditures, nor has 
the issue been a part of any court decision, Fer- 
tilization that is clearly part of site prepara- 
tion is obviously associated with stand establish- 
ment and its cost should be capiralized as such, 
Fertilizer expenditures that occur after planc'ing 
or seeding, however, are treated as amortizable 
expenses by the IRS (Pitsenbarger 1982). This is 
because seedling survival does not depend on the 
practice being conducted at that point in time. 
These costs are amortized by allocating the total 
amount among annual deductions over the beneficial 
life of the particular fertilizer being used. The 
deductions may be offset against ordinary income 
from any source. The beneficial life of most fer- 
tilizers is still in question and there is even 
considerable difference of opinion within the IRS 
on this point. T'Ltus, amortization periods are 
usually negotiated on an individual basis between 
taxpayers and the IRS, Pitsenbarger (1980) 
reports that generally the costs are being amor- 
tized over 5 to 15 years depending on the particu- 
lar fertilizer applied. They do not have to be 
amortized, however. They may be capitalized in 
the regular manner, and recovered when the trees 
are cut or sold, if the taxpayer wishes. 

Machinery and Equipment 

Those portions of depreciation deductions for 
machinery and equipment that are associated with 
stand establishment must be capitalized as 
such.=/ They may then be recovered as an offset 
against the gain realized when the timber is cut 
or sold, or under the reforestation amortization 
procedure. The reforestation tax credit is not 
available for such costs, Machinery and equipment 
expenditures not associated with stand establish- 
ment may be recovered by depreciation in the nor- 
mal fashion -- that is, by taking deductions from 
ordinary income over the established life of the 
item. In both types of situations, an investment 
tax credit may also be taken. For machinery and 
equipment with a recovery life of three years, the 
credit .is 6 percent -- for items whose costs are 
recovered over 5 years, the credit is ten percent. 
If the taxpayer's timber operation is clearly a 
business as opposed to only an investment, he has 
the option of expensing the first $5,000 of other- 
wise depreciable costs each year. If he elects to 

251  See footnote - supra. 



do so, bowever, the investment tax credit on that 
amount i s  lost 

CONCLUSION 

The federal income tax status of some silvi- 
cultural and related protection expenditures 
associated with young pine stands is clear. The 
status o f  certain other costs is not. The correct 
and/or optimal way to handle each expenditure 
depends not only on the nature of the practice, 
its timring, and its purpose -- but also on the 
taxpayerf s cash flow situation, his tax status 
and. his available tax options, Continuing changes 
in the tax law tend to further complicate the 
decisiorr-making process, as does the fact that the 
IRS has not formally ruled on many silvicultural 
issues. Thus each silvicultural situation must 
not only be related to the law and to possible tax 
choices, but also to current IRS practices, 

By utilizing professional forestry judgment 
and expertise, many taxpayers should be able to 
expense certain costs that at first glance would 
appear to be capital expenditures. Even when all 
of a particular cost cannot be allocated to the 
expense category, it may be possible to expense a 
certain portion. In that type of situation, 
aggressive effort by the taxpayer -- coupled with 
the proper technical advice -- can often pay big 
dividends in the form of tax savings. Such ini- 
tiative may well result in a particular silvicul- 
tural practice being cost effective whereas other- 
wise it would not be, The key is to know the 
technical facts of each silvicultural situation, 
be cognizant of the law, and meld the two together 
for maxlmum advantage, 
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r / TEE I W E S m N T  POTENTIAL OF COTTONWOOD SAIJTmBER PLANTATIONS 
2 1 Walter C. Anderson and Roger Pf. Krinard- 

Abstract.--Cottonwood sawtimber plantations provide an 
exceptionally rapid rate of value growth per acre over a 
relatively short investment period. But the costs of estab- 
lishing and tending a stand the first year are high. The 
conditions and alternative management strategies yielding 
investment payoffs exceeding 8 percent annual rate of return 
were analyzed. 

Cottonwood plantations could help to supply a 
market that is dependent on a declining resource. 

The principal products made from cottonwood 
lumber and veneer are boxes, crates, baskets, and 
pallets (Forest Products Laboratory 1974). The 
furniture industry also uses cot tonwood lumber and 
veneer because of their desirable characteristics. 
The wood glues easily and holds paint well. 
Because of its light color, faint grain, and the 
indistinct division between heartwood and sapwood, 
cottonwood can be grained to simulate any species. 

Eastern cottonwood (Populus deltoides Bartr.), 
-- the fastest growing tree in North America -- 
reaches its optimum growth in the rich, moist, 
soils of southern bottomlands (McKnight 1971). 
Although cottonwood grows in every state east of 
the Rocky Mountains, most of the commercial timber 
is found in natural stands on alluvial soils in the 
Mississippi River Delta. 

By controlling the flow of the River, the Corps 
of Engineers is hindering the formation of new land 
and thus is slowing the creation of new natural 
stands. At the same time, cottonwood acreage is 
being reduced by clearing land for field crops, 
such as soybeans, and the construction of impound- 
ments. 

More than a million acres in the lower Missis- 
sippi Uver Valley are suitable for cottonwood pro- 
duction. However, only 50,000 acres have been 
pl anted. 

I /  Paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
7-8, 1984. 

2/ Walter C. Anderson is Principal Economist 
~ o r e z  Resource Law and Economics, Southern Forest 
Experiment Station, New Orleans, Louisiana and 
Roger M. Krinard is Principal Silviculturist, 
Southern Hardwoods Laboratory, Southern Forest 
Experiment Station, Stoneville, Mississippi. 

Expansion of cottonwood acreage in the Delta 
depends on the attractiveness of cottonwood planta- 
tions as an investment. No extensive economic 
analysis of cottonwood plantations was made before 
that by Dutrow and others (1970). They reported 
rates of return for combinations of site quality, 
establishent costs, and stumpage prices that could 
be used by cottonwood planters as guides in making 
investment decisions. Only fragmentary data on 
plantation yields existed at the time. Consequent- 
ly, the investigators were unable to fully specify 
the conditions under which investments in cotton- 
wood provide an adequate return on capital. An 
improved biological data base has become available 
since then, which allows a more extensive evalua- 
tion of cottonwood plantations as an investment 
alternative. 

This paper examines and compares investments in 
cottonwood sawtimber plantations. The results 
indicate the conditions under which they may earn 
an adequate return. 

DATA AND METHODS 

Production Data 

Yield data for single rotations of 30-year-old 
plantations were provided by the Southern Hardwood 
Laboratory at Stoneville, Mississippi (Table 1). 
They are based on records of experimental plant- 
ings, supplemented with measurements of other 
plantings, and the expert judgment of knowledgable 
individuals. These are the best currently avail- 
able data. 

Three site classes were recognized -- medium, 
good old field, and good forest. The site index 
for medium sites equals 100 feet at 30 years; that 
for good sites is 120 feet. Good sites are usu&lly 
on loam soils, and medium sites are often on clay. 

Five spacing intervals were used on medium 
sites and six on good sites, with the addition of 
36- by 36-foot spacing. At the narrowest spacing 



Table 1.-Cubic and board-foot volume y i e l d s  of cottonwood sawtimber p l a n t a t i o n s  
by s i t e ,  spac ing  i n t e r v a l ,  and th inn ing  regime 

Medium S i t e  

t I I 
1 I Remaining s t a n d  / 

Spacing I 1-1 
i n t e r v a l  f Trees  1 Average I Volurne c u t  

( f e e t )  1 Age 1 per  a c r e  I d.b.h. 1 per  a c r e  

y e a r s  number inches  c u f t  b d f t  
P - 

3 2x3 2 30 0 19.4 (835) 9,290 

Good S i t e  

y ~ i ~ u r e s  i n  paren theses  a r e  tapwood. 

i n t e r v a l  on medium s i t e s ,  l i t t l e  sawtimber may be 
produced because t h e  average  d.b.h. a t  h a r v e s t  is  
o n l y  1 4 - 1  i n c h e s .  S t a n d s  i n  which  t h e  l a r g e s t  
t r e e s  a r e  15  inches  d.b.h. o r  less cannot be s o l d  
a s  sawt i rnber  . 

and 32 by 32 and 36 by 36 f e e t  on good s i t e s .  The 
f i r s t  t h i n n i n g s  i n  t h e  s t a n d s  spaced 12 by 12 and 
1 6  x 1 8  f e e t  were row t h i n n i n g s  i n  which e v e r y  
o t h e r  row was removed. S t a n d s  a t  t h e s e  c l o s e  
spac ings  on good s i t e s  were thinned more f requent -  
l y  than  t h o s e  on medium s i t e s .  On medium s i t e s ,  
s t a n d s  spaced 24 by 24 f e e t  were thinned a t  one of 
two i n t e n s i t i e s ,  and s t a n d s  spaced 28 by 28 f e e t  
were e i t h e r  th inned  o r  n o t  thinned.  

All s t a n d s  were thinned a t  l e a s t  once excep t  
t h o s e  w i t h  t h e  two wides t  spac ing  i n t e r v a l s  on each 
s i t e  -- 2 8  by 28 and 32 by 32 f e e t  on medium s i t e s ,  



Board-foot volume y i e l d s  were g r e a t e s t  f o r  
s t a n d s  spaced 24 by 24 f e e t  on both m e d i a  and 
good s i t e s .  On medim s i t e s ,  t h e  volume harves ted  
was g r e a t e r  where th inn ing  was l i g h t e r .  On good 
s i t e s ,  t h e r e  was l i t t l e  d i f f e r e n c e  i n  t o t a l  y i e l d s  
be tween  s t a n d s  s p a c e d  24 by 2 4  f e e t  and  t h o s e  
spaced 28 by 28 f e e t  -- 22,330 v s .  22,400 board 
f e e t .  

Costs  

E s t a b l i s h i n g  a  p l a n t a t i o n  i n c l u d e s  s e l e c t i n g  
and prepar ing  t h e  s i t e  and p l a n t i n g  t h e  s t a n d  and 
c u l t i v a t i n g  it dur ing  t h e  f i r s t  year .  Procedures 
f o r  e s t a b l i s h i n g  and tend ing  p l a n t a t i o n s  a r e  those  
c u r r e n t l y  employed by growers i n  t h e  Del ta ,  and 
c o s t s  a r e  those  t y p i c a l l y  being paid i n  t h e  reg ion .  

The  h i g h e s t  s i t e  p r e p a r a t i o n  c o s t s  a r e  f o r  
f o r e s t e d  s i t e s  t h a t  mus t  b e  c l e a r e d  of  t i m b e r  
b e f o r e  t h e y  c a n  be  r e a d i e d  t o  p l a n t  ( T a b l e  2 ) .  
S i t e  p r e p a r a t i o n  c o s t s  a r e  lowest  where c l e a r i n g  i s  
n o t  needed, such a s  o l d  f i e l d s .  I n  t h i s  s t u d y ,  a l l  
medium s i t e s  were t r e a t e d  l i k e  o l d  f i e l d s ,  i . e . ,  
no t  r e q u i r i n g  c l e a r i n g .  Old f i e l d s  must be plowed, 
however, t o  break t h e  sod and t h u s  e l i m i n a t e  s o i l  
c o m p a c t i o n  and a e r a t e  t h e  s o i l .  On some o l d  
f i e l d s ,  s u b s o i l i n g  is necessary  t o  breakup hardpans 
t h a t  have developed through years  of c u l t i v a t i o n .  

Costs  of p l a n t i n g  and tend ing  a  s t a n d  dur ing  
t h e  f i r s t  year  a r e  about  t h e  same f o r  a l l  s i t e s .  
Included i n  t h i s  c o s t  a r e  p l a n t i n g  s t o c k ,  l a b o r ,  
and machine t ime.  There a l s o  may be an  a d d i t i o n a l  
c o s t  o f  $ 5  t o  $10 p e r  a c r e  t h e  f i r s t  y e a r  f o r  
i n s e c t  c o n t r o l .  P l a n t a t i o n s  spaced 24 by 24 f e e t  
o r  wider must be mowed i n  years  2, 3 ,  and 4 a t  a  
c o s t  of $5 p e r  a c r e  each year .  Ad valorem t a x e s  
a r e  t o  $0.65 per  a c r e  per  year .  The y e a r l y  c o s t  o f  
f i r e  p r o t e c t i o n ,  management, and o t h e r  expenses 
amounts t o  $10 per  a c r e .  

T h e r e  a r e  pruning c o s t s  f o r  t r e e s  i n  s t a n d s  
spaced 24 by 24 f e e t  and wider. Without pruning,  
t r e e s  i n  widely spaced s t a n d s  cannot be s o l d  
because t h e  b o l e s ,  due t o  p e r s i s t e n t  l imbs,  a r e  of 
such low q u a l i t y .  

At s p a c i n g s  of 24 by 24 f e e t  and wider ,  a l l  
t r e e s  a r e  pruned t o  16  f e e t  i n  two s t e p s  a t  a  c o s t  
of $0.75 p e r  t r e e .  Crop t r e e s  a r e  pruned from 16 
t o  32 f e e t  w i t h  a  c o n t r a c t  c h e r r y  p i c k e r  a t  a n  
a d d i t i o n a l  c o s t  of $2 p e r  t r e e .  Pruning i s  done 
dur ing  t h e  dormant season.  

Timing of pruning d i f f e r e d  by s i t e  index.  
Pruning t o  t h e  s p e c i f i e d  h e i g h t  occured a f t e r  t h e  
s p e c i f i e d  growing season:  

Height S I  120 S I  100 Cost p e r  t r e e  
--ft-- --growing season-- ------$------ 

P e r i o d i c  pruning c o s t s  per  a c r e  a r e  shown i n  Table 
3.  

P r i c e  

Three p r i c e  l e v e l s  were used i n  t h i s  a n a l y s i s .  
Medim st-page p r i c e s  were t h e  average p r i c e s  
being pa id  i n  t h e  Delta .  The medium p r i c e  f o r  
sawtimber was $100 p e r  thousand board f e e t  
(Doyle).  The low l e v e l  was 50 percen t  below t h e  
medium p r i c e ,  and t h e  h igh  Level was 50 percen t  
above i t .  For pulpwood, t h e  t h r e e  stumpage p r i c e  
l e v e l s  were $5, $10, and $15 per  s tandard  cord.  
The r e s p e c t i v e  p r i c e s  f o r  pulpwood per  100 c u b i c  
f e e t ,  based on 90 cubic  f e e t  per  cord ,  were $5.56, 
$11.11, and $16.67, These p r i c e s  were app l ied  t o  
v o l m e s  of topwood recovered from sawtimber t r e e s  
and t o  pulpwood-size t r e e s  removed i n  th inn ings .  

I n t e r n a l  Rate of Return 

The 19 investment  o p t i o n s  (based on 7 spazing 
and  t h i n n i n g  c o m b i n a t i o n s  f o r  t h e  medium s i t e  
c l a s s  and 6 f o r  each of t h e  2 good s i t e  c l a s s e s )  
were eva lua ted  on t h e  b a s i s  of c o s t s  and expected 
r e t u r n s  b e f o r e  income t a x e s .  The p r o f i t a b i l i t y  of 
each o p t i o n  was measured i n  terms of i n t e r n a l  r a t e  
of r e t u r n  (ROR). This  measure of c a p i t a l  e f f  i c -  
i ency  i s  p r e f e r r e d  f o r  d e c i s i o n  making because i t  
permi t s  comparisons of investments  whose r e t u r n s  
and c o s t s  come a t  d i f f e r e n t  t imes dur ing  t h e  r o t a -  
t i o n .  ROR i s  t h e  compound r a t e  of i n t e r e s t  t h a t  
e x a c t l y  e q u a t e s  t h e  discounted va lue  of f u t u r e  
revenues wi th  t h e  sum of t h e  i n i t i a l  c a p i t a l  ou t -  
l a y s  and t h e  discounted va lue  of a l l  o t h e r  c o s t s  
fncur red  dur ing  t h e  r o t a t i o n .  

RESULTS 

Returns from Cottonwood P l a n t a t i o n s  

The h i g h e s t  RORs were ob ta ined  f o r  p l a n t a t i o n s  
on good o l d  f i e l d  sites, followed by those on good 
f o r e s t  s i t e s  (Table 4 ) .  The lowest  RORs were f o r  
p l a n t a t i o n s  on medium s i t e s  (Table 5) .  

At t h e  medium stumpage p r i c e  l e v e l ,  t h e  b e s t  
spacing on good o l d  f i e l d  s i t e s  was 12 by 12 f e e t  
and on good f o r e s t  s i t e s  was 16 by 1 8  f e e t .  The 
b e s t  spac ing  on medium s i t e s  was 24 by 24 f e e t .  
Stands a t  t h i s  spac ing  wi th  t h e  h i g h e s t  RORs were 
l i g h t l y  thinned.  

At t h e  medium stumpage p r i c e  l e v e l ,  t h e  
h i g h e s t  RORs f o r  s t a n d s  e s t a b l i s h e d  a t  t h e  l e a s t  
c o s t  per  a c r e ,  by s i t e  c l a s s ,  were 8.9 percen t  f o r  
good o l d  f i e l d  s i t e s ,  6.4 percen t  f o r  good f o r e s t  
s i t e s ,  and 3.4 percen t  f o r  medium s i t e s .  

I n c r e a s e d  c o s t  per  a c r e  t o  e s t a b l i s h  a  s t a n d  
r e d u c e d  t h e  ROR. The amount o f  t h e  r e d u c t i o n  
v a r i e d  from 13  t o  20 percen t  and averaged 1 6  per- 
c e n t  f o r  t h e  lowest  t o  t h e  h i g h e s t  c o s t s  used i n  
t h e  s tudy .  

Stumpage p r i c e  l e v e l s  a l s o  had an  e f f e c t  on 
ROW. Ploving from one p r i c e  l e v e l  t o  t h e  n e x t  
changed t h e  ROR f o r  a  given spacing i n t e r v a l  on a 
g iven  s i t e  c l a s s  by 2 o r  3  percentage p o i n t s ,  and 
even more i n  some i n s t a n c e s .  



Table 2.-Costs of growing cottonwood sawtimber plantations in the Mississippi 
River Delta 

I Cost 
t 

Item of expense I Low I High 

Preparation of: 
Forested site 
Old field site 

2 1 Planting and first-year costs - 115.00 155.00 

Inscict control 5.00 10.00 

3 f Annual costs- 10.65 10.65 

y~ncludes site selection, land clearing where needed, and readying site for 
planting . 
Y~ncludes planting stock, planting, and cultivation for 1 year. 

H/~ncludes taxes, fire protection, and management expenses. 

4'1, years 2, 3, and 4 in plantations spaced 24 x 24 feet or wider. 

Table 3.-Pruning costs per acre by year for two site classes and four spacing 
intervals 

Medium (SI 100) I Good (SI 120) 
Spacing 1 I I 
(feet) Year I Cost I Year I Cost 

$/acre $/acre 

Y8eavily thinned plantation. 

YTAghtly thinned plantation. 

3lThinned plantation. - 
gunthinned plantation. 



Table 4.-Rates of return for cottonwood sawtimber plantations by sire spacing interval, 
establishment costs, and stmpage price level 

Good Old Field 

price f EstabznFt 1 Spacing lnterval (feet) 
level I cost I 

Low 

Medium 

$lacre - - - - -  - - - - - - - - -  percent - - - - - - - - - - - - - -  

High 165 11.54 11.28 9.06 8.85 8 .  01 7.37 
19 5 10.82 10.61 8.66 8.47 7.68 7.03 
225 10.20 10.05 8.31 8.13 7 - 3 8  6.72 

Good Forest 

Low 

Medium 

High 

Table 5.-Rates of return for cottonwood sawtimber plantations on medium sites by spacing 
interval, establishment cost, and stumpage price level 

I I Spacing interval (feet) 
Stumpage I I I I I I 
price I Estabm't I I 1 24x24 I 28x28 1 
level I cost I 12x12 I 16x18 I Hvy. Thin I Lt. Thin I Thin No Thin 1 32x32 

Medium 165 0.63 3.27 3.23 3.40 2.84 3.84 2.54 
195 0.20 2.85 2.94 3.12 2.55 2.80 2.26 
225 0.00 2.49 2.67 2,86 2.28 2.55 2.01 

High 165 3.50 5.50 5 ,24 5.38 4.85 4.97 4.44 
195 2.95 5 ,03 4.92 5.07 4.52 4,$9 4.24 
225 2.49 4.61 4.62 4.78 4.22 4.40 3.86 



Techniq ues f o r  I n c r e a s i n g  Returns DISCUSS I O N  

Two ways RO% from inves tments  i n  cottonwood 
p l a n t a t  ions i n  t h e  D e l t a  can be increased  a r e  by 
reduc img es tab l i shment  c o s t s  and o b t a i n i n g  addi -  
t i o n a l  income from t h e  land  by u t i l i z i n g  revenue 
s o u r c e s  from o t h e r  than  cottonwood a lone .  

T h e  high  c o s t  of c l e a r i n g  a  good f o r e s t  s i t e  
could b e  lowered by growing an a g r i c u l t u r a l  c rop  
t h e  f i r s t  year  a f t e r  t h e  s i t e  has  been prepared f o r  
p l a n t i m g  bu t  b e f o r e  a p l a n t a t i o n  is  e s t a b l i s h e d .  
Ln t h e  Delta ,  soybeans could be used f o r  t h i s  pur- 
pose. The c o s t  per  a c r e  is  about  $100, and average 
y i e l d s  a r e  about 25 bushe ls  per  a c r e .  Persona l  
c o m u n L  c a t i o n s  wi th  a soybean farmer and an Agri- 
c u l t u r a l  Research Serv ice  econornlst i n d i c a t e  t h a t  
t h e r e  would be no r e d u c t i o n  i n  y i e l d  from t h e  c r o p  
grown o n  new g r o u n d  t h e  f i r s t  y e a r .  At $ 6  p e r  
b u s h e l ,  t h e  income f rom a n  a c r e  o f  s o y b e a n s  i s  
$150. Net r e c e i p t s  would o f f s e t  c l e a r i n g  c o s t  by 
$50 p e r  a c r e .  At t h e  lowest  l e v e l  of investment  on 
good f o r e s t  s i t e s ,  t h e  es tab l i shment  c o s t  would be 
r e d u c e d  from $365 t o  $315 per  a c r e .  At t h e  medium 
p r i c e  a n d  f o r  t h e  b e s t  spac ing  i n t e r v a l  -- 16 by 18 
f e e t  -- t h e  ROR would be increased  from 6 . 4  t o  6.9 
p e r c e n t ,  o r  by one-half of 1 percen t .  However, 
d e f r a y r n g  p a r t  of t h e  c a s t  of c l e a r i n g  i n  t h i s  way 
l e n g t h e n s  t h e  investment  per iod  By a  year. 

Two a d d i t i o n a l  sources  of revenue from land  
p l a n t e d  t o  cottonwood a r e  f e e s  f o r  hunt ing l e a s e s  
and r e c e i p t s  from soybeans i n t e r p l a n t e d  between 
rows o d  t r e e s .  Fees f o r  hunt ing  l e a s e s  a r e  cur -  
r e n t l y  around $5 per  a c r e  per  y e a r ,  and involve  no 
a d d i t i o n a l  e o s t s  t o  t h e  landowner. 

S o y b e a n s  can be grown only  f o r  t h e  f i r s t  year  
among t r e e s  p lan ted  a t  spac ings  of 12 by 12 and 16 
by 1 8  f e e t .  Where t r e e s  a r e  spaced 24 by 24 f e e t  
o r  w i d e r ,  t h i s  f i e l d  c r o p  c a n  be  grown f o r  t h e  
f i r s t  2 years .  For ty  percen t  of t h e  a r e a  would be 
i n  s o y b e a n s  i n  a  p l a n t a t i o n  wi th  12- by 12-foot 
s p a c i n g ,  and 70 percen t  i n  p l a n t a t i o n s  wi th  wider 
s p a c i n g s .  Yie lds  a r e  p r o p o r t i o n a t e  t o  t h e  percent-  
age o f  t h e  a r e a  i n  t h e  crop.  I f  c o s t s  a r e  a l s o  
p r o p o r t i o n a t e  t o  t h e  a r e a ,  i n t e r c r o p p i n g  would add 
$20 p e r  a c r e  t o  t h e  income from a  p l a n t a t i o n  wi th  
12- b y  1 2 - f o o t  s p a c i n g  and  $35 p e r  a c r e  t o  t h e  
income from a  p l a n t a t i o n  wi'th 16- by 18-foot 
s p a c i n g .  Where s t a n d s  a r e  more widely spaced,  $35 
p e r  a c r e  would be r e c e i v e d  e a c h  o f  t h e  f i r s t  2 
y e a r s  ., 

T h e  e f f e c t  of income from each of t h e s e  addi-  
t i o n a l  s o u r c e s  of revenue and t h e i r  combined e f f e c t  
on i n c r e a s i n g  RORs i s  shown i n  Table 6. In  gen- 
e r a l ,  s s y b e a n s  increased  RORs more than  d i d  hunt ing  
l e a s e s .  Seldom was t h e  i n c r e a s e  from e i t h e r  of 
t h e s e  a d d i t i o n a l  s o u r c e s  of revenue more than 2  
p e r c e n t a g e  p o i n t s ,  and sometimes i t  was l e s s  than  1 
p e r c e n t  . The i n c r e a s e  i n  t h e  RORs from t h e  com- 
bined Sncomes of t h e s e  a d d i t i o n a l  income sources  
v a r i e d  from 1 percentage p o i n t  t o  n e a r l y  4 percen t -  
age po+ n t s .  

Although cottonwood h a s  a  very r a p i d  growth 
r a t e ,  producing- as much a s  750 board f e e t  per  a c r e  
per  year  on good s i t e s ,  t h i s  advantage i s  countered 
by high es tab l i shment  c o s t s .  The i n i t i a l  i n v e s t -  
ment I n  an  average 200-acre p l a n t a t i o n  could be 
between $33,000 and $103,000. With s o  s u c h  c a p i t a l  
being conunitted f o r  a  long p e r i o d ,  investment  d e c i -  
s i o n s  must be made c a r e f u l l y .  

The a v a i l a b l e  op t ions  from which a n  i n d i v i d u a l  
landowner can choose depend on t h a t  l a n d o m e r O s  
s i t u a t i o n ,  e x p e c t a t i o n s ,  and judgments, These 
inc lude  t h e  s i t e  c l a s s  of t h e  l a n d ,  e s t a b l i s h m e n t  
c o s t s ,  a n t i c i p a t e d  f u t u r e  market p r i c e s ,  and l e n g t h  
of p l a n n i n g  h o r i z o n .  A l andowner  w i t h  a  s h o r t  
planning hor izon  would exclude growing cottonwood 
a s  a p o s s i b l e  investment  i f  t h e  time were t o o  s h o r t  
f o r  t r e e s  t o  reach  sawtimber s i z e .  The degree  of 
p r o f i t a b i l i t y  t h e  landowner c o n s i d e r s  s u f f i c i e n t  i s  
another  f a c t o r  of cho ice .  

From an economic p e r s p e c t i v e ,  a n  ind iv idua l ' s  
d e c i s i o n  w h e t h e r  t o  grow co t tonwood d e p e n d s  o n  
t h e i r  minimum a c c e p t a b l e  r a t e  of r e t u r n .  The 
inves tor ' s  a c c e p t a b l e  r a t e  i s  sometimes c a l l e d  t h e  
g u i d i n g  r a t e  o f  i n t e r e s t .  O p t i o n s  e x p e c t e d  t o  
r e t u r n  l e s s  than  t h e  gu id ing  r a t e  a r e  r e j e c t e d .  
Among t h o s e  t h a t  p romlse  t o  e x c e e d  t h e  g u i d i n g  
r a t e ,  t h e  o p t i o n  wi th  t h e  h i g h e s t  r e t u r n  t h a t  can 
be ob ta ined  i s  t h e  inves tor ' s  choice.  

I f  a  l andomer ' s  gu id ing  r a t e  of i n t e r e s t  i s  
8 p e r c e n t ,  a t  medium p r i c e s  i t  w i l l  pay t o  grow 
cottonwood o n l y  on good o l d  f i e l d  s i t e s .  At low 
p r i c e  l e v e l s ,  i t  would no t  pay t o  grow cottonwood 
p l a n t a t i o n s  on any s i t e s .  At h igh  p r i c e s ,  i n  add i -  
t i o n  t o  good o l d  f i e l d  s i t e s ,  i t  would a l s o  pay t o  
grow co t tonwood on good f o r e s t  s i t e s ,  p r o v i d e d  
es tab l i shment  c o s t s  were kept  t o  a  minimum. 

Even wi th  t h e  a d d i t i o n  of supplemental  income, 
i t  is  not  p o s s i b l e  t o  r a i s e  RORs above 8 p e r c e n t  a t  
low p r i c e  l e v e l s .  At h igh  p r i c e  l e v e l s ,  however, 
RORs above 8 percen t  a r e  r e a l i z e d  on medium s i t e s  
when income from both hunt ing  l e a s e s  and soybeans 
a r e  added and es tab l i shment  c o s t s  a r e  less than  
$200. On good f o r e s t  s i t e s  and a t  t h e  h igh  p r i c e  
l e v e l ,  RORs above 8  percen t  a r e  ob ta ined  when rev- 
enues from e i t h e r  a  hunt ing l e a s e  o r  soybeans a r e  
added, except  a t  t h e  h i g h e s t  es tab l i shment  c o s t .  

On good o l d  f i e l d  s i t e s ,  a d d i t i o n a l  income from 
hunt ing  l e a s e  f e e s  o r  soybean r e t u r n s  a r e  unneces- 
s a r y  t o  r a i s e  RORs above 8 percen t  a t  t h e  medium o r  
h igh  stumpage p r i c e  l e v e l .  These s u b s i d i a r y  reve-  
nues can r a i s e  RORs t o  a s  h igh  a s  12 112 percen t  a t  
t h e  medium stumpage p r i c e  l e v e l ,  o r  t o  1 5  112 per-  
cen t  a t  t h e  h igh  l e v e l .  

CONCLUSIONS 

This paper  examined RORs f o r  cottonwood saw- 
t lmber  p l a n t a t i o n s  on t h r e e  s i t e  c l a s s e s  a t  t h r e e  



Table 6.-Rates of return for cottonwood sawtimber plantations when additional 
income from hunting lease fees or soybeans (or both) are included by 
site class, stumpage price level, and establishment cost 

Medium 
! I Source of additional income 

L o w  

High 

Good Old Field 

Low 

Medi um 

High 

Good Forest 

Low 

Medium 

High 

- - 

At the high stumpage price level, RORs of 8 
percent can also be realized on good forest sites. 
But high stumpage prices seem unlikely because 
there is no indication the demand for cottonwood 
sawtimber.wil1 rise substantially. Because of the 
current (1984)  sluggish market, there is a greater 
possibility that the price will fall, although not 
by as much as 50 percent. If stumpage prices do 
fall by this much, it would not pay to grow cot- 
tonwood sawtimber, even on good old field sites. 

stumpage price levels, several spacing intervals, 
and various establishment costs. 

RORs were found to be sensitive to site class. 
It does not pay to grow cottonwood sawtimber on 
medium sites because of their low productivity. 
Eleither does it pay on good forest sites because 
of extremely high establishment costs, which can- 
not be substantially reduced. Only on good old 
field sites can RORs of 8 percent and higher be 
realized at the medium stumpage price level with- 
out adding income for hunting leases and soybeans. 



I n  t h e  n e a r  f u t u r e ,  thousands of a c r e s  of mar- 
g i n a l  soybean  land  i n  t h e  Del ta  may be r e t i r e d  a s  
t h e  r e s u l t  of a change i n  t h e  in te rna t - iona l  soy- 
bean m a r k e t .  Brazi l ' s  and Argent inaOs s h a r e  of 
t h e  m a r k e t  may expand i f  consuming n a t i o n s  swi tch  
t o  t h e s e  two c o u n t r i e s  frorn t h e  United S t a t e s  a s  
s o u r c e s  o f  supply because of t h e  s t r o n g  d o l l a r .  
This  c h a n g e  would no t  provide a n  oppor tun i ty  f o r  
e x t e n d i n g  t h e  ac reage  i n  cottonwood p l a n t a t i o n s  
because most of t h e s e  f i e l d s  a r e  on c l a y  s o i l s  and 
have a s i t e  index of no more than  100. Only a 
change in  Del ta  a g r i c u l t u r e  t h a t  would f r e e  more 
good o L d  f i e l d s  f o r  cottonwood p l a n t a t i o n s  o r  a 
fundamenta l  change i n  t h e  cottonwood lumber and 
veneer  markets t h a t  would r a i s e  p r i c e s  w i l l  b r i n g  
about  a n  expansion of cottonwood acreage.  
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LOBLOLLV PINE STAS\,% IH 

by James M, Guldin 
and James B ,  ~ a k e r g  

&stract.--iievelopmer1ta1 dynamics of an unmanaged 
loblolly pine stand are presented. The stand was cut to a 
12-inch d.b.h. limit in 1915; eight inventories were tsken 
between 1937 and 1983. In 1983, 76% of the total 
merchantable cubic-foot volume and 83% of the sawlog 
cubic-foot volume was pine, but pines have virtually 
disappeared from the sub-sawtimber class. Oaks are the 
predombnant hardwoods in the sawtinber class, and non-oak 
hardwoods a r e  most comon in the sub-sawtimber class. In 
the past tvo decades, periodic annual increment of the 
pines has dropped dramatically, and hardwood PA1 has not 
concomitantly incr~ased. These dynamice classically 
illustrate the transition of southern upland forests from 
pine to hardwood in the absence 05 disturbance. 

'&%en a forester or non-industrial private 
landowner ponders a silvicultural intervention in 
a forest stand, among the first choices 
considered is the alternative of doing nothing. 
Silvicufturists implicitly expect a prescribed 
treatment to enhance the growth and yield of a 
stand. However, many non-industrial private 
landowners are less likely to believe that 
silvicultural intervention is either necessary or 
even desirable. 

As such, improving the silvicultural 
understanding of the long-term results of stand 
development in the absence of silvicultural 
intervention is an important goal of stand 
development research, A silvfculturist can 

I/ paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, Kovember 
7-8, 1984, 

L/ Authors are, respectively, Assistant 
Professor, Department of Forest Resources, 
Agricultural Experiment Station, University of 
Arkansas at Monticello, AR; ~ n d  Principal 
Silviculturist, Forestry Sciences Laboratory, 
USDA-Forest Service, rvlonticello, M.. 

enhance his or her decisfon-making ability if 
the specific results of performing no treatment 
are understood, Such knowledge also can assist 
private landowners in comprehending the true 
silvicultural implications inherent in selecting 
the alternative of no treatment on their lands. 
This paper presents an interim summary of the 
development of a once-cutover, unmanaged 
pine-hardwood stand in the Hid-South Coastal 
Plain. 

The study area is a pair of contiguous 
40-acre tracts on the Crossett Experimental 
Forest, located seven miles south of Crossett, 
Arkansas. Soils on the study area are 
Providence and Bude silt loants (Typic and 
Glossaquic Fragiudalfs, respectively), having a 
loblollg pine site index of 85 to 90 feet at 
fifty years (U.S.D.A., 1979). The area was 
harvested to a 14-inch stump diameter limit 
(roughly analogous to a 12-inch d.b.h. limit) in 
1915. In 1935, the two forties were set aside as 
a natural area; they were selected as being the 
most representative forties on the Experimental 
Forest. No management practices, with the 
exception of both fire protection and the 
occasional salvage of timber killed by the 
southern pine beetle, have been undertaken since 



t h a t  d a t e .  The compsrments  were lnventoriecl 2.7 
1937, 1942, 1946, 1952, 1957, 1963, i973, and 
l?t?S, k l i  t r e e s  4.5 inches  C.b.fi. and l a r g e r  
were nerrsured and t a l l i e d  by I-inch d.b.h. 
c l a s s e s .  

The  t a l l y  was kept  f o r  t h r e e  d i s t i n c t  
spe c i e s  groups .  The pLnes c o n s i s t  of l o b l o l l y  
p ine  ( P l n u s  taeda)  and sho r t i e a f  p ine  (F .  
e c h ina t a ) .  The oaks consj-s t  of bo th  t h e  red  oak 
group, i including southern  r ed  oak (Wercus  
f a l c a t a ' i ,  cherrvbark ozk 10. f a l c a t a  va r .  - -  -. , - . . - - -  
~ a n o d a e f o l i a )  , b l ack  oak ( 0 ,  v e l u t i n a )  , Shumard 
Lak (2. shumard i i ) ,  2r.d water  oak (Q. n ig r a )  and 
t h e  w h i t e  oak group, inc lud ing  whi te  cak (Q. 
a lba )  a n d  pos t  oak (0. s t e l l z t a ) .  The t h i s  
ca tegorv ,  o the r  hardwoods, inc ludes  sweetgum - - 
{Llauidarnbar s t v r a c i f l u a )  , black  gum . 1. . - .., 
s y l v a t i c a )  , h i c k o r i e s  (Carya spp . ) , 
( F r a x i n u s  spp . ) , b l ack  cher ry  (Prunus s e ro  
dogwood (Corms f l o r i d a ) ,  and r ed  maple 
rubrum) . 

( ~ ~ ; s a  
zshes  

t i n a )  , 
(Ac :r 

I n v e n t o r y  records  were s u m a r i z e d  f o r  each 
compartuler,t by c a l c u l a t i n g  t o t a l  volumes and 
e x p r e s s i n g  t h e  r e s u l t s  Gr1  a per-acre b a s i s .  
Volumes were ca l cu l a t ed  from t h e  diameter  
d i s t r i b u r i o n s  us ing  Cros se t t  Experimental. Fores t  
t r e e  volume equa t ions  f o r  l o b l o l l y  and s h o r t l e a f  
p ine  ( F a r r a r  e t  a l . ,  1984), and by d e r i v i ~ g  
hardwood volune equa t ions  from l o c a l  -j.olume 

t a b l e s ,  a s  p resen ted  i n  Appendix I. AE 
approxlna t ion  of rhe  Doyle sawlog volumes was 
ob ts ined  by mul t ip ly ing  t he  cubic-foot sawtimber 
volumes by 5.8 f o r  p ine s ,  and 5.0 f o r  hardwoods. 

A sumaary of t h e  development of t h e  p i n e  and 
hardwood (both oak snd o the r  hardwood) components 
is  presen ted  i n  Table 1. During t he  46-year 
per iod ,  p ine  kzs  diminished cons iderab iy  front 
105 stems per  a c r e  (72% of t h e  s tand)  i n  1937 t o  
45 stems pe r  a c r e  (342 of t he  stztnd) i n  1983, 
However, p ine  volume has  increased  between 1937 
and 1983, with  t o t a l  nerchantab le  cubic-£ oo t  
volume approximately doubling and sawlog 
cubic-foot volume roughly t r i p l i n g .  Thus, 68 
yea r s  a f t e r  c u t t i n g ,  s tand  volumes i n  1983 
continue t o  be d i sp ropo r t i ona i l y  p ine ,  w i t h  76% 
of t h e  t o t a l  merchantable cubic-foot volume and 
83% of t h e  t o t a l  sawlog cubic-foot volume i n  
p ine .  

Conversely, t h e  number of hardwood stems ha s  
doubled, from 40 stems per  a c r e  i n  1937 t o  80 
s t e m  pe r  a c r e  i n  1983. Hardwood volume h a s  
a l s o  increased ,  though not  a t  t he  same r a t e  a s  
the  p ine  volume. To t a l  merchantable cubic-foot  
volume f o r  a l l  hardwoods ha s  increased  by 62% 
between 1937 and 1983, and sawlog cubic- foot  
volume ha s  increased  by 59%. 

TABLE 1. Number of t r e e s  p e r  a c r e ,  s tanding  volume pe r  a c r e ,  and pe r i od i c  annual  
increment pe r  a c r e  dur ing  t h e  i n t e r v a l  1937-1983 f o r  bo th  t h e  p ine  and hardwood 
components of t h e  80-acre Unmanaged Area a t  t h e  Cros se t t  Experimental Fores t .  

ECXBER OF TREES STANDIKG VOLw PERIODIC AWUAL IXCREMENT 
p e r  a c r e  per  a c r e  pe r  a c r e  

To t a l  To t a l  
Merch. Sawlog, Doyle, Merch. Sawlog, Doyle, 

Year 5"-11" 12"+ T o t a l  c u . f t .  c u . f t .  b d . f t .  c u . f t .  c u . f t .  b d . f t .  
PINES 
1937 81.3 23.9 105.2 1473 8 26 

1009 
4755 56.2 37.9 219.8 

1942 83.4 28.0 ' 111.4 1754 
1208 

5854 39.5 49.8 288.6 
1946 66.5 32.2 98.8 1912 700S 52.0 58.6 340.1 
1952 50.0 36.5 86.5 2224 1560 

1789 
'04' 37.2 45.7 265.2 

1957 40.9 38.6 79.6 2410 
2164 

10375 53.5 62.5 362.3 
1963 29.5 42.4 72.0 2731 

2473 
18.5 

14346 
31.0 179.7 

1973 15.7 41.8 57.6 2916 
2644 15335 

4.6 17.0 98.9 
1983 6.3 38.4 44.7 2962 

PAI, 1937-1983 32.4 39.7 230.0 
VOODS (ALL) 

1937 26.2 14.3 40.5 579 350 31.2 
1894 5.7 28.9 

1942 47.5 16.4 63.9 735 379 
408 

9.1 7.2 35.9 
1946 48.4 17.4 65.8 73 1 2038 10.0 9.9 49.5 
1952 48.0 19.0 67.0 83 1 467 2335 -13.5 

2206 
-5.1 -25.8 

1957 42.3 17.8 60.1 76b 44 1 
47 3 2365 

3.3 5.4 26.6 
1963 39.1 18.3 57.4 783 

2585 
6.6 4.4 22 .O 

1973 48.7 18.7 67,4 84 9 517 
2784 

8.6 4.0 20.0 
1983 61.4 19.1 80,5 935 557 

PAI, 1937-1983 7.8 4.5 22.5 



The pestodic annual increment (PAX) of this 
stand reached 2 bimodal peak in the intervals 
from 1946 to 1952 and again from 1957 to 1903, at 
which time the highest PAT was zttained. The 
drop in increment in the interval between 1952 
and 1957 is explained by the prolonged drought of 
1953-1955, during which tine the pine volume 
increment was roughly 75% of the adjzcent 
intervels, and the hardwood volume increment was 
actuelly negative (via a reduction in the number 
of stems in the sawtiaber class, ~rtributab3e to 
drought-related mortalltp in the mesic hardwood 
component) . 

However, the drop in PA1 for the last two 
decedes is qu i t e  dramatic. Total merchantable 
cubic-foot volume per acre per year for both 
pines and hardwoods hes teelined from a peak of 
56.8 during the interval 1957-1963, to 25.1 
during the interval 1963-1973, to 13.2 between 
1973 and 1983. The drop in sewlog cubic-foot 
volume per acre per year has been equally 
precipitous, from a peak of 67.9 during 
1957-1963, to 35.4 during 1963-1973, to 21.0 
during 1973-1983. 

Reasons for this can be inferred from the 
numbers of stems over time in the sub-sawtimber 
versus the sawtimber coaponent of the pines and 
hardwoods. In the pines, ingrowth into the 
sawtimber component reached a peak in 1963, and 
has declined since. At the same time, pines have , 
not been replacing themselves in the understory, 

as indicated by the reduction in the number of 
sub-sawtimber stems since 1942, though 
particularly in the past two decades. 

R~ther, it is the hardwoods which are 
occupying the sub-sawtimber class in increasing 
proportions. In 1963, hardtroods accounted for 
57% of the stems in the 5"-11" class; this 
percentage increased to 76Z in 1933, and 91% b37 
1982. With the relatively ucchangfng number of 
hardwocd stems in the sawtimber component for 
the pest three decades, the Fnereases i ~ z  the 
total number of hardwood stems per ecre in the 
area have been almost entirely found in the 
sub-sawtimber component. 

Hardwood dynamics 

A sumary of the development of the two species 
groups, the oaks and the other hardwoods, which 
comprise the hardwood component is presented in 
Table 2. During the forty-six year period, the 
number of oaks has increased slightly, from 23.1 
merchantable (> 4.6" dbh) stems per acre to 31.7 
stems per acre. When considering all hardwood 
stems, this represents a slight decline from 57% 
in 1938 to 39% in 1983. But when considering 
only sawtimber stems, the percentage of oaks has 
increased from 60% of all hardwood sawtimber 
trees in 1938 to 83% in 1983. Oaks have 
retained a relatively constant number of stems 
in the sub-sawtimber component. 

TABLE 2. Number of trees per acre, standing volume per acre, and periodic annual 
increment per acre during the interval 1937-1983 for both the oak and non-oak hardwood 
component of the 80-acre Unmanaged Area at the Crossett Experimental Forest. 

NUM3ER OF TREES STANDING VOLUME PERIODIC &WAL INCREMENT 
per acre per acre per acre 

Total Total 
Nerch. Sawlog, Doyle, Merch. Sawlog, Doyle, 

Year 5"-11" 12-3. Total cu.ft. cu.ft. bd.ft. cu.ft. cu.ft. bd.ft. 
OAKS 

354 216 lo'7 -3.4 
337 193 966 -4.5 

332 203 1014 -1.2 2 - 4  

386 249 9 .1  7.7 
-0.7 

383 249 1245 0.0 

40 2 279 3.2 5 .1  

627 449 1307 22.5 
2243 16.9 

664 489 2442 3.7 4.0 

PAI, 1937-1983 6.8  5 .9  

PAI, 1937-1983 160 -1.4 



Cor~comi tan t ly ,  oak volume per  a c r e  has  
i n c r e a s e d  between 3937 and 1983, wi th  t o t a l  
merchantab le  cubic-foot  volume i nc r ea s ing  by 
1272. T h e  s tanding  hardwood volume i n  1983 
c o n t i n u e s  t o  be predominantly oak, wi th  71% of 
t h e  t o t a l .  merchantable cubic-foot  volume and 882 
of t h e  s awlog merchantable cubic-foot volume i n  
t h e  oak component. 

The number of merchantable non-oak hardwcods 
has a l m o s t  t r i p l e d ,  f r o n  17 stems per  a c r e  i n  
1937 t o  4 9  stems per  a c r e  j n  1983. This  i nc r ea se  
ha s  o c c u r r e d  even a s  t h e  number of non-oak sawlog 
stems h a s  decreased,  from 5.7 stems per  a c r e  i n  
1937 t o  3.2 stems per  a c r e  i n  1983. Volumes of 
t he  non-oak hardwood component r e f l e c t  t h i s  
t rend;  be tween  1937 and 1983, t o t a l  merchtlntable 
c ub i c - foo t  volume i nc r ea se3  174 but  t he  sawlog 
cub i c - foo t  volume dropped 492. The n o s t  
pronounced ptr t tern i n  t h e  non-oak hardwoods is 
t he  qu ad rup l i ng  of t h e  number of stems per  a c r e  
i n  t h e  5"-11" CEh c l a s s e s .  This  pool  of 
sub-sawtimber growing s t ock  ha s  y e t  t o  c ro s s  t h e  
t h r e s h o l d  of ingrowth i n t o  t h e  sawtimber c l a s s .  

The pe r i od i c  annual  growth of  t he  hardwood 
component ( c f .  Table 1) shows t h e  sane bimodal 
p a t t e r n  as t h e  p ine s ,  wi th  a p l a t eau  i n  growth 
from 1 9 4 2  t o  1963 i n t e r r u p t e d  by t h e  drought 
between 1952 and 1957. Both spec i e s  groups of 
t h e  hardwood component showed a depression i n  
growth r e l a t i v e  t o  t h e i r  pre-drought r a t e s .  
However, t h e  oaks s t a b i l i z e d  a t  a l e v e l  where 
growth w a s  on ly  f r a c t i o n a l l y  l e s s  than t h e  l o s s  
t o  m o r t a l i t y ;  t he  non-oak hardwoods showed a 
marked l o s s  of increment a t t r i b u t a b l e  t o  
m o r t a l i t y .  I n  t h e  i n t e r v a l  from 1957 t o  1973, 
t h e  oaks  show a very  s t r ong  recovery of pe r i od i c  
annual  increment .  During t he  same per iod ,  
however, t h e  PA1 of non-oak hardwooCs never  
r e c ove r s ,  and even shows a marked l o s s  i n  t h e  
i n t e r v a l  of 1963-1973. 

DISCUSSION 

Developmental p a t t e r n s  po in t  t o  t h e  advanced 
s u c c e s s i o n a l  s t a t u s  of t h i s  pine-hardwood s t and ,  
l o c a t i n g  t he  s t and  i n  t h e  e a r l y  t r a n s i t i o n  phase 
( a f t e r  Bormann and Likens,  1979) o r  t h e  
u n d e r s t o r y  r e i n i t i a t i o n  s t age  ( a f t e r  O l ive r ,  
1981) o+ s tand  development. The p ines  a r e  
overmature ,  growing slowly,  undergoing 
m o r t a l i t y ,  and not  r ep l ac ing  themselves i n  t h e  
u n d e r s t o r y .  These dynamics epi tomize t h e  
c l a s s i c  t r a n s i t i o n  of southern  upland f o r e s t s  
from p i n e s  t o  hardwoods i n  t h e  absence of 
d i s t u r b a n c e .  

The developmental p a t t e r n  i n  t h e  hardwood 
component of t h i s  s t and  i s  one dominated by oaks 
i n  t h e  sawt imber  ca tegory .  The non-oak hardwood 
sawtimber: component ha s  demonstrated a n e t  l o s s  
i n  i nc r emen t  dur ing  t he  46 yea r s  of inventory  
records  o f  t h i s  80-acre compartment. Nor does 
t he  a p p a r e n t  domination of  t h e  sub-sawtimber 
component by non-oak hardwoods obscure t h e  

r a t h e r  cons tan t  number of sub-sawtimber oak 
sterns througbc\~:t t h e  recorded i n v e n t o r i e s  of 
t h i s  s t a ~ d .  The oaks appear t o  tc i n  an 
extremely fzvorab le  c c ~ ~ e t i t i v e  p o s i t i o n  
( r e l a t i v e  t o  t h e  non -o~k  hardwoods) i n  t h e  
sawtimber componevt; and while  i t  i s  t o o  e a r l y  
t o  specu l a t e  on t h e  r e l a t i v e  dynamics of t h e  two 
groups i n  t he  suh-sawtimber component, i t  i s  
apparcpt  t h a t  oak i s  not  ye t  5 e i ~ p  outcompeted 
by non-oak hardwoods i n  t he  sub-sswtimber 
c l z s s e s .  

The t o t a l  merchantable cubi c-foot  volume 
mean annual  jncrement of t h i s  s t a ~ d ,  over  t h e  
46 years  of inventory  a c t i v i t y ,  i s  40.2  cubic  
f e e t  p e r  acre per  year  (of which 81% is  p i n e  
M . A . I . ) .  Sawtimber cubic-foot  mean annual  
Lncremeat i s  44.2 cubic f e e t  per  a c r e  p e r  y e a r ,  
which conver t s  roughly t o  a mean annual  increment  
i n  f e e t  board measure (Doyle) of 252.5 (91X of 
wbich i s  p ine  bi.A.1.). By way of comparison, 
Baker and Murphy (1982) repor ted  t o t a l  
merchalitable cubic-foo t average annual  
production va lues  of from t?4 t o  117, and Doyle 
board-foot average annual  production va lue s  of 
26C t o  377, i n  managed s t ands  on t he  C r o s s e t t  
Experimental Fo re s t .  In a d d i t i o n ,  t h e  
decreas ing  importance of t he  p ine  component, and 
t h e  corresponding r i s e  i n  t he  hardwood 
component, of t h i s  unmanaged a r e a  sugges t  t h a t  
f u t u r e  growth w i l l  be even l e s s  t han  t h a t  
observed t o  d a t e ,  

The c o s t s  of choosing t h e  a l t e r n a t i v e  of no 
s i l v i c u l t u r a l  t reatment  a r e  l a r g e l y  economic 
oppor tun i ty  c o s t s .  Growth and y i e l d  a r e  a t  
lower l e v e l s  than  a r e  pos s ib l e  w i t h  t h e  
j ud i c ious  app l i c a t i on  of s i l v i c u l t u r a l  
t rea tments ;  economic r e t u r n s  a r e  c e r t a i n l y  l e s s  
than  those  which could be gained.  But equa l l y  
important  i s  t h e  oppor tun i ty  c o s t  ir. z 
s i l v i c v l t u r a l  sense ,  represen ted  by 
developmental dynamics which suggest  i n c i p i e n t  
l o s s  of t h e  p ine  corr;ponent and vigorous occupancy 
of t h e  s i t e  by t h e  hardwood component. Should 
t h e  landowner decide i n  t h e  f u t u r e  t o  i n t e g r a t e  
p ine  ~anagement  wi th  o the r  goa l s  of ownership, 
t h e  s i l v i c u l t u r a l  i n t e rven t i ons  requi red  w i l l  be  
i nc r ea s ing ly  cap i t a l - i n t ens ive ,  The i n a b i l i t y  t o  
s a t i s f y  a landowner's goa ls  with s i l v i ~ u l t u r a l  
c r e a t i v i t y  r a t h e r  than  c a p i t a l  expendi ture  
r ep r e sen t s  a foregone s i l v i c u l t u r a l  a l t e r n a t i v e  
which f o r e s t e r s  can i nc r ea s ing ly  i L I  a f f o r d  t o  
l o s e .  
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where TMCV = Tota l  merchantable cubic-foot 
volume, J .b. ,  above a vary ing  stump he igh t  
t o  a 3.5-inch top ;  

D = t r e e  d.b.h. i n  inches ,  3.5 < d.b.h. < 
3 2 . 5 ,  

and R~ ( ad j )  = 1.000, S(y*x)  = 0.4037. 

2. SMCV = -142.20493 + 27.77802 (D) - 1.86965 
( D ~ )  + 0.05935 (D3) - 0.00064 ( D ~ )  

where SMCV = Sawlog merchantable cubic-foot  
volume, i . b . ,  above a varying stump he igh t  
t o  a 7,5 inch  (o r  merchantable) top ;  

D = t r e e  d.b.h.,  i n  inches ,  9.5 < d.b.h. < 
32.5, 



ADAPTATION OF TKE FOREST WTRIENT CYCLING TREND EVALUATOR 

(FORCYTE) FOR LOBLOLLY  PI^ PUWTATIONS" 

2 / Te R. Fox, J. P. Kimmins, and H. L. Allen- 

Abstract.--An ecosystem modeling project has been 
established at North Carolina State University to adapt the 
FORest nutrient gycling Trend Evaluator (FORCYTE) to loblolly - 
pine. The purpose of the project is to integrate and synthe- 
size existing knowledge on loblolly pine into a simulation 
model capable of describing the processes influencing site 
productivity. FORCYTE permits forest managers to examine the 
consequences of management activities in relation to stand 
and site productivity. The modeling effort also provides an 
opportunity to identify gaps in existing knowledge and, 
through sensitivity analysis, focus future research efforts. 

INTRODUCTION 

Forestry in the South is progressing from 
passive management of natural stands towards 
intensive plantation management. In some areas, 
the level of management is approaching that 
associated with the domesticated forest (Stone 
1975). In these intensively managed plantations 
logging debris are often reduced by piling and/or 
burning to facilitate planting of genetically 
improved seedlings. Many sites are disced to 
reduce competition and improve soil physical 
conditions. Wet sites are routinely drained and 
bedded, Thinnings may be conducted to control 
the density of the growing stock, capture 
mortality and concentrate growth on the desired 
crop trees. Fertilizers may be applied to 
correct nutrient imbalances and accelerate 
growth. Finally, higher utilization standards 
are being employed during harvesting operations. 

The productivity of many sites in the South 
is related to the supply of nitrogen and its rate 
of cycling through the ecosystem. Concern about 
maintaining long term site productivity has 
developed in the South, in part, because of the 
impact intensive forest management practices can 
have on nitrogen dynamics. 

Much research in the area of nutrient 
cycling and site productivity has been conducted 
in recent years and has been summarized in 
numerous symposia (Tippen 1978, Leaf 1979, 
Ellwood and Ross 1983). Because of the complex- 
ity of the interactions among intensive forest 
management, nutrient cycling and site productiv- 
ity, we believe a computer modeling approach is 
required to quantitatively describe a functioning 
ecosystem. The systematic development of a model 
will also identify gaps in our knowledge and help 
to focus future research efforts. 
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Silvieultural Research Conference, Atlanta, 
Georgia, November 7-8, 1984. This project was 
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of BrLtish Columbia, Vancouver, B.C. VSTlW5; and 
Assistant Professor, Department of Forestry, 
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FORCYTE DESCRIPTION 

In response to the need to integrate and 
synthesize infomation on the impacts of forest 
management on long tern site productivity in the 
South, an ecosystem modeling project was 
initiated by the North Carolina State Forest 
Fertilization Cooperative. The goal of this 
effort has been to adapt an existing ecosystem 
model to loblolly pine- (Pinus taeda L.) rather 
than develop a totally new model, 

The E e s t  nutrient zcling Trend Evaluator 
(FORCYTE) was selected because it possesses 



several features that make it suitable for 
modeling loblolly pine plantation ecosystems: 

I) It was developed for even aged, single 
species plantations that are clearcut 
prior to reaching maturity, 

2 )  The model functions on a site specific 
basis. 

3) Nutrient availability deternines 
productivity in the model. A feedback 
between available nutrients and plant 
growth allows for both site improvement 
and site degradation. 

4 )  The model runs on inventory type infor- 
mation. Growth and yield infomation is 
the primary driving function. 

5 )  FORCYTE was developed as a management 
tool and is capable of examining many 
forest management practices. 

FORCYTE is a stand level growth model of 
plant biomass production, accumulation, and 
nutrient cycling. Site improvement or degrada- 
tion is possible depending on nitrogen availabil- 
ity. One limitation of the model is that it 
assumes that nutrient availability is the major 
factor limiting productivity, Where nutrient 
availability does not limit productivity, the 
model's predictions may be unreliable. To date 
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the model has only been calibrated for nitrogen, 
however, other nutrients can be substituted if 
the required input data is available. The model 
does not deal directly with climatic variability 
or more specifically, moisture availability. 
These factors are handled implicitly through the 
use of site specific growth functions which 
integrate the effect of these factors on the 
stand . 

Program Structure 

FORCYTE-10 consists of two programs that run 
sequentially (fig. 1). The first program, 
FORCETUP, predicts biomass and nutrient content 
trends over time for trees, shrubs and herbs 
growing on a range of site qualities. For these 
predictions, an input file of empirical data from 
a range of sites is needed which describes 1) the 
accumulation of biomass in trees, shrubs and 
herbs over time; 2) maximum stocking density as a 
function of age; 3) nutrient concentrations in 
the various plant components; and 4) the number 
of age classes of these components. The second 
program FORCYCLE, uses the trends developed in 
FORCETUP, to project stand development over time 
according to a specific management scenario. 
FORCYCLE requires input data describing the 
management scenario, economic conditions of the 
run, energy costs, and biogeochemfcal (nutrient 
cycling) characteristics of the site. The state 
of the ecosystem at the start of the run must 
also be specified. FORCYTE produces a variety 

Figure 1.--FORCYTE program structure, 



of o u t p t s t .  Graphical  r e p r e s e n t a t i o n  of biomass 
and n u t c i e n t  c y c l i n g  t r e n d s  over  t ime and t a b u l a r  
inforsnatzion on decomposition and m i n e r a l i z a t i o n  
a r e  o u t p u t  a s  d i a g n o s t i c  f i l e s  s o  t h a t  t h e  
a c c u r a c y  of t h e  model 's p r e d i c t i o n s  may be 
judged. Four p r e d i c t i v e  t a b l e s  s m a r i z e  t h e  
biomass y i e l d ,  n u t r i e n t  c y c l i n g ,  economic 
p e r f o m a n c e  and energy e f f i c i e n c y  of t h e  
s i m u l a t e d  management s c e n a r i o .  The s t a t e  of t h e  
s i m u l a t e d  ecosystem a t  t h e  end of t h e  run is  a l s o  
s u m r i z e d  . 

Model S t r u c t u r e  and Funct ion 

T h e  biomass and n u t r i e n t  compartments, 
t r a n s f e r  pathways, and r e g u l a t i n g  f a c t o r s  p r e s e n t  
i n  FORCYTE a r e  i l l u s t r a t e d  i n  f i g u r e  2. FORCYTE 
s i m u l a t e s  t h e  s t a t e  of t h r e e  compartments: p l a n t  
biomass and n u t r i e n t  c o n t e n t ;  f o r e s t  f l o o r  
biomass and n u t r i e n t  c o n t e n t ;  and a v a i l a b l e  s o i l  
n u t r i e n % s .  

The main d r i v i n g  f u n c t i o n  i n  the  model i s  a 
s e r i e s  of s i t e  s p e c i f i c  growth curves f o r  stem- 
wood biomass accumulation of t h e  Chapman-Richards 
form ( P i e n a a r  and Turnbul l ,  1973) ( f i g .  3 ) .  The 
biomass of f o l i a g e ,  branches,  stembark and t h e  
t o t a l  r o o t  system i s  ob ta ined  by apply ing  age- 
s p e c i f i c  r a t i o s  of t h e  component biomass t o  
stenwood biomass: i .e .  f o l i a g e  biomassfstemwood 
biomass o r  t o t a l  r o o t  biomass/stemwood biomass 
( f i g .  4 ) .  I n  applying t h e s e  r a t i o s ,  a g e  is 
rep laced  by t h e  r a t i o  of stemwood biomass t o  
maximum stemwood biomass. A s  t h i s  r a t i o  
i n c r e a s e s  from a  smal l  va lue  toward 1, s t a n d  age  
i n c r e a s e s .  T h i s  s u r r o g a t e  f o r  age was used t o  
f a c i l i t a t e  t h e  use  of d a t a  from a v a r i e t y  of 
sources .  Totaf r o o t  biomass i s  a l l o c a t e d  between 
l a r g e ,  medium, and f i n e  r o o t s  i n  t h e  same r a t i o  
a s  stemwood biomass t o  branch biomass t o  f o l i a g e  
biomass. 

FORCYTE MODEL SnRUCTURE 

F i g u r e  2.--Flow c h a r t  of biomass and n u t r i e n t  
compartments, biomass and n u t r i e n t  t r a n s f e r s  and 
r e g u l a t i n g  f a c t o r s  i n  FORCYTE. 
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Figure 3.--Chapman-Richards growth equations for 
stemwood biomass on good, medium, and poor sites. 
(Data from Hafley et al. 1877) 
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Figure 4.--Tree component ratios for foliage and 
roots in loblolly pine. (Data from Switzer et 
al. 1966, and Harris et al. 1977) 

Growth of each component is allocated into 
three parts: replacement of ephimeral litter, 
replacement of natural mortality, and new growth 
needed to produce the predicted increase in net 
biomass. Plant nutrient content is detemined 
using nutrient concentration data and predicted 
biomass for each component. The nutrient uptake 
requirement of vegetation is calculated by adding 
the quantity of the nutrient required to produce 
the predicted new growth and the quantity 
required to replace losses from plant leaching 
and litterfall, and subtracting from that sum the 
amount obtained from redistribution within the 
plant. 

In order to simulate natural mortality of 
trees, PORCYTE requires data on stand density 
changes with age for each site (fig. 5 ) .  
Mortality occurs whenever density in the 
simulated stand exceeds the maximum allowed for a 
given age. In FORCYTE-10, mortality removes 
average-sized, entire trees and transfers them to 
mortality related litterfall. When stand density 
is below the maximum allowed for a given age, as 
occurs after a thinning, stand development 
continues without mortality until stand density 
again reaches the allowed maximum (fig.5). 

Litterfall production in FORCYTE is 
illustrated in figure 6. The model keeps track 
of each year's cohort of an individual plant 
component. When a cohart of the component 
reaches the age specified for litterfall, it is 
transferred to the forest floor as litter. 
Foliage is transferred directly to the forest 
floor, Live branches are converted to dead 
branches which remain on the tree for a fixed 
period before being transferred as litter. 
"Litterfall" from the fine root component is 
calculated by multiplying the ratio of foliage 
litterfall to total foliage biomass by the fine 
root biomass. The current year's stemwood 
increment is treated as sapwood until it is 
converted to heartwood after a specified period. 
Stemwood litterfall occurs only with tree 
mortality. 

When each cohort of litterfall reaches the 
forest floor it undergoes changes in weight and 
nutrient concentration as it decomposes. The 
decomposition rate defines the shape of the 
weight loss vs time curve (fig. 7). The shape of 
the curve defining nutrient concentration changes 
during decomposition (linear, exponential, 
asymptotic) varies with the type of decomposing 
litter (fig, 8). The number of years required to 
decompose from fresh litter to humus is also 
dependent on the type of material. 

The combination of weight loss and nutrient 
concentration change for each component of the 
forest floor determines the amount and rate of 
nutrient release to the soil nutrient pool (fig. 
9). In the example illustrated, a period of net 
imobilization of available nitrogen out of the 
soil nutrient pool is followed by a period of net 
mineralization and release of nitrogen into the 
available nutrient pool, 
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Figure 5.--Stand density development for a loblolly pine plantation on a medium site. 

(Data from Hafley et al. 1982) 
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Figure 6*--Litterfall calculation in PORCYTE. 
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Figure 7.--Weight loss in decomposing forest floor components. (Data 
from Jorgensen et al. 1980, and Barber and vanLear 1984) 
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Figure 8.--Changes in nitrogen concentration during 
decomposition of loblolly pine foliage and 
stemwood. (Data from Jorgensen et al. 1980, and 
Barber and vanLear 1984) 
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Figure 9.--Calculation of nitrogen release 
during decomposition in FORCUTE. 



A unique feature of FORCYTE is how nitrogen 
availability influences plant growth and site 
quality (fig. 10). Plant nitrogen demand is 
calcultsted from predicted biomass increment and 
nutrient concentration data. The balance between 
nitrogen imobilization and mineralization, to- 
gether with inputs from soil seepage, precipita- 
tion, fertilization and nitrogen fixation deter- 
mines tshe size of the soil nutrient pool. The 
nitrogen supply available for plant growth is the 
sum of the soil nitrogen pool and nitrogen 
obtained by internal redistribution, When the 
available nitrogen supply is less than the 
nutrient demand required for plant growth, plant 
growEh is reduced in proportion to the 
deficiency. If a deficiency continues for more 
than 3 consecutive years, FORCYTE reduces site 
quality, Conversely, when the nitrogen supply is 
greater than the nutrient demand required for 
growth, plant growth is increased in proportion 
to the excess. When the excess exists for more 
than 3 consecutive years, FORCYTE increases site 
quality. Changes in site quality, either up or 
down, alter a large number of parameters in the 
model including biomass accumulation, nutrient 
concentrations and decomposition parameters. 

Preliminary Results With Loblolly Pine. 

A calibration data set for loblolly pine has 
been constructed from the information available 
in the literature, Preliminary results indicate 
that the model performs realistically. Stemwood 
volume predictions generated by the FORCETUP 
program are presented for two sites in figure 
lla. These values mimic the input data (Bafley 
et al. 1982) indicating that FORCYTE accurately 
predicts growth and yield in the absence of 
management manipulations. More interesting are 
the foliage biomass results presented in figure 
llb. Foliage biomass increases more rapidly and 
to a greater value on a better site followed by a 
gradual decline in foliage biomass after a 
maximum value has been reached. This is the game 
pattern that has been shown to occur in loblolly 
pine (Switzer et al. 1968). 

In order to test the model's predictions 
following management inputs, a series of 
fertilization and thinning scenarios were 
evaluated. A medium site (site index 20m; base 
age 25) planted with 1643 trees per hectare was 
thinned at age 20 removing 33% of the stems. 

NUTRITIONAL WEGllLATlON OF GROWTH 

Figure 10.--Flow chart of feedback mechanism relating nutrient availability to 
biomass production and site quality. 



Amendments of 0 to 200 kg/ha of nitroge'n were 
added in 50 kg/ha increments. The volume response 
due to fertilization predicted by FORCYTE is 
presented in table 1. At 5 year~,~volume 
response ranged from 4.8 to 11.6 m /ha. This is 
at the Lower end of the range of response that 
could be expected on a medium site. 

FUTURE EFFORTS 

FORCYTE has not yet been completely 
calibrated or tested for loblolly pine. Future 
efforts will center on improving the calibration 
data set and perfoming sensitivity analyses. 
This will allow us to focus future research 
efforts on important gaps in our knowledge. Two 
of the more important areas where research is 
needed included the development of site specific 

STEMWOOD VOLUME 

F O L I A G E  BIOMASS 

5 10 1 5  20 25 30 
Age (years)  

Figure 11.--Preliminary results from FORCYTE indicating 
stemwood (a) and foliage (b) accumulation on a good 
and a poor site. 

Table I. Predicted Response to thinning & 
fertilization with FORCUTE 

Mitrogen added Volunze response 

litter decomposition parameters and information 
concerning root production, turnover and 
decomposition, Although it is practically 
impossible to validate an entire ecosystem model 
such as FORCYTE, independent data sets exist that 
will allow validation of small segments of the 
model. This will build confidence in the 
predictions made with FORCYTE. 
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POTENTIAI; FOR SECOND THIWMINGS IN SOUTEEW 
I/ P I%SE PLANTATIONS-- 

W, Dale Greene 
Bobby L. ~anfordg 

Abstract -- In a recent survey, most forest products 
firms in the South indicated plans to thin their pine 
plantations two or more times during a rotation, Substantial 
thinning research has been conducted in recent years, but 
almost all of this has examined first thinnings. Additional 
research is necessary to improve methods for second and later 
thinnings, 

INTRODUCTION 

In recent years, much debate in forestry 
circles has centered on thinning of southern pine 
plantations, Opinions about thinning differ from 
region to region and company to company as well 
as within regions and companies. To date much of 
this debate, as well as substantial corporate, 
government, and university research, has been 
directed at the first thinning of plantations. 
First thinnings have dominated thinning research 
because they represent a current and often 
pressing problem for many landowners in the 
South. However, many industrial landowners in 
the South have planned rotations of 30 to 40 
years in order to produce solid wood product 
material at final harvest. To get maximum value 
growth, these plantations will require more than 
one thinning during the rotation. In fact, many 
plantations which have been thinned once are now 
approaching the age for a second thinning. 

First thinnings pose a challenging problem 
to a logger because small trees are expensive to 
harvest but have little market value, there is 
little room to maneuver equipment, and residual 
stand damage must be minimized, Efficient 
logging machinery and work methods as well as 
good business management are required to make a 
profit. ~t first glance, second thinnings would 
seem to offer more opportunity for the logger 
since tree sizes are larger and access into the 
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stand was created in the first thinning. On the 
other hand, fewer trees are removed and the 
importance of protecting the residual stand is 
greater since each tree represents a larger 
investment, While it is possible for small 
sawlogs to be produced from trees removed in a 
second thinning, this raises additional 
merchandising questions. Clearly second 
thinnings represent a unique problem, which has 
yet to be studied in any detail. 

The objectives of this research were -- 

1) to determine the importance of second thinning 
as a management practice for forest products 
firms in the South, and 

2 )  to identify current methods and systems used 
for second thinnings and needs for future 
research, 

During the summer of 1984 ,  27 forest 
products firms operating from. Texas to Virginia 
were contacted and questioned about their 
thinning practices. These firms represented the 
largest landowners and timber-using firms in the 
region. Twenty-one of these firms were ranked 
among the top 500 U.S. corporations (Anon, , 
1984)-  The other six firms were substantial 
firms in their area but were not among the top 
500. Some of the largest firms contained 
distinct regional operations, which were 
contacted separately in order to accurately 
determine the amount of land under different 
management regimes. Thirty middle- and 
upper-level managers, representing the 27 firms, 
were contacted during the study. Each of these 
contacts was treated as a sample observation. 



Each contact  was questioned about t h e  
g e n e r a l  p l an t a t i on  management regime and thinning 
t r e a t m e n t s  planned f o r  t h e i r  p lanta t ions .  
Gene ra l  quest ions were a l s o  included i n  t h e  
questi-onnaire t o  cha rac t e r i ze  t he  respondees. 
Five F i m s  which were cu r r en t ly  thinning h i s  
p l a n t a t i o n s  f o r  t he  second time were v i s i t e d  t o  
obtaioc de t a i l ed  information on f a c t o r s  a f f e c t i n g  
seconde thinning.  

t he  var ied  l e v e l  of resources ava i l ab l e  t o  t h e  
dec is ions ,  The 80 percent majori ty planning t o  
t h i n  was comprised of 17 percent planning a 
s ing l e  thinning,  30 percent planning up t o  two 
thinnings,  and 33 percent planning up t o  t h r e e  
thinnings.  These f indings  i nd i ca t e  t h e  need f o r  
a  c lo se r  look a t  poss ib le  problems a s soc i a t ed  
with l a t e r  thinnings.  

F i r s t  thinnings 
RESULTS 

L o b l o l l y  pine was the  p r inc ipa l  spec ies  
grQwn by 87 percent of t h e  contac ts  while s l a sh  
pine w a s  t h e  p r inc ipa l  spec ies  of t h e  remainder. 
I n i t i a l  p lant ing  dens i ty  of p l an t a t i ons  ranged 
from 500  t o  over 1000 t r e e s  per ac re  wi th  t he  
a v e r a g e  between 700 and 800 t r e e s  per acre.  
Forty-five percent of t he  f i rms  used r o t a t i o n  
ages a£ 31-35 years whi le  36 percent  used 
r o t a t l o n  ages of 26-30 years. Fourteen percent 
r epo r f  ed r o t a t i o n s  of 36-40 years with only f i v e  
p e r c e n t  repor t ing  r o t a t i o n s  of l e s s  than  25 
years  - Most f i rms  (87 percent)  an t i c ipa t ed  
p e e l e r  logs o r  sawlogs a s  end products  of t h e i r  
p l a n t a t i o n s  while t h e  remainder (13 percent )  were 
e x p e c t i n g  pulpwood only. 

Twenty percent of those contacted indica ted  
no p l a n s  t o  t h i n  t h e i r  p l an t a t i ons  during t h e  
r o t a t i o n  (Table 1 ) .  Most of these  f i rms  were 
non-integrated paper producers wi th  l i t t l e  market 
i n  their  a rea  f o r  s o l i d  wood products. Other 
r e a s o n s  given f o r  not  thinning included increased 
r i s k  of i ce  damage i n  thinned s tands ,  higher 
i n c i d e n c e  of d isease  and in sec t s ,  and concerns 
about  reduced pulp y i e l d s  wi th  juveni le  wood. Of 
t h i s  group, about ha l f  were loca ted  i n  coas t a l  
s l a s h  pine areas  and t h e  o ther  ha l f  were found i n  
t h e  h i g h e r  e levat ions  of t he  range of l o b l o l l y  
pine,  

The overwhelming major i ty  of those  contacted 
d id  p l a n  t o  t h i n  t h e i r  p lanta t ions .  Larger f i rms  
made thinning dec is ions  on a stand by stand bas i s  
w h i l e  smaller  f i rms  tended t o  use blanket  r u l e s  
wh ich  were applied throughout t h e i r  holdings. 
These  d i f f e r e n t  approaches seem p r a c t i c a l  given 

Most f i n n s  (75 percent)  planned t o  t h i n  f o r  
t he  f i r s t  time between the  ages af 13 and 17 
 able 2).  Four percent planned f i r s t  th innings  
f o r  age 8 t o  1 2  while 22 percent plaaned 3 o  aane 
18  t o  22. A l l  f i rms  used s i t e  q u a l i t y  rneas~zes  
t o  determine thinning age f o r  - s t  :as. 

Stand dens i ty  before and a f t e r  f i r s t  
thinning var ied  grea t ly .  Most f irms repor ted  
o r i g i n a l  s tands  of 400 t o  600 t r e e s  per  ac re ,  
which were reduced t o  200 t o  300 t r e e s  per a c r e  
a f t e r  f i r s t  thinning.  Thi r ty  percent of those  
contacted repor ted  o r i g i n a l  s tand dens i ty  of over 
600 t r e e s  per ac re  and r e s idua l  s tand dens i ty  of 
over 300 t r e e s  per acre.  This group roughly 
corresponded t o  t he  group planning t h r e e  
thinnings.  Eighty percent of those ques t ioned 
reduced basa l  a r ea  t o  70 t o  80 square f e e t  -- a 
common r u l e  of thumb i n  pine management. 

Most f i rms  (78 percent)  reported s i x  t o  
e igh t  cords of wood removed i n  f i r s t  th innings  
while another 12  percent removed 10 o r  more 
cords. Pulpwood was the  only product repor ted  
f o r  f i r s t  thinnings wi th  65 percent removed a s  
shortwood and 35 percent  a s  longwood. 

Fe l l i ng  methods i n  f i r s t  thinning were about 
equal ly  s p l i t  between chainsaw and fel ler-buncher 
methods. About ha l f  t he  thinnings used Bobta i l  
t rucks '  t o  move wood from the  stump. Skidding 
accounted f o r  35 percent of t he  thinned wood wi th  
forwarding ( o r  prehauling) moving 17 percent  of 
t he  thinned wood. Most f i rms  repor ted  us ing  
manual delimbing and bucking methods whi le  35 
percent  using some type of mechanical method t o  
delimb and buck t r ee s .  The most popular 

Table 1. Maximm number of thinnings considered by responding firms. 

Thinning Currently 1-5 years 5-10 years Total  
Treatment Prac t iced  i n  f u t u r e  i n  f u t u r e  Responding 

----v-----,-,wSercent of those contacted------------------- 

None 2 0 -- -- 20 

F i r s t  t h i n  70 7 3 80 

Second t h i n  40 17 7 64 

Third t h i n  17 7 10 34 



Table 2. Typical first and second thinning 
treatments reported by surveyed f inns. 

Stand Variable First Thin Second Thin 

TreesIAcre 400-5 00 
before thinning 

Trees/Acre 200-3 00 
after thinnings 

Cords removed 6-8 

Method of row/ selective 
thinning 

Product 
obtained 

pu 1 pwood 

Products form shor twood 

10-1 2 

selective 

pu 1 pwood , 
small logs 

longwood 

mechanical method was a delimbing gate. Almost 
all (96 percent) of first thinnings were 
performed on a row/selective basis. Only one 
firm stated that purely selective thinning could 
be performed in a first thinning, For most 
firms, the need to create access corridors for 
equipment mandated that a row/selective method 
be used for first thinning. 

Second thinnings 

Most plantations (78 percent) were thinned 
for the second time at age 23 to 27. Another 22 
percent of those contacted planned second 
thinnings for age 18 to 22. 

Original stand density in second thinnings 
was 200 to 400 trees per acre with a residual 
stand of 100 to 200 trees per acre. Basal area 
was seldom used in second thinning decisions. 

Volume removed was higher for second 
thinnings with almost two-thirds of those 
questioned reporting 10-12 cords removed. A 
solid majority (78  percent) anticipated both 
pulpwood and small logs or peelers to be removed 
in the second thinning, 

Longwood accounted for 89 percent of wood 
removed in second thinnings, reflecting the 
higher proportion of solid wood product material. 
Fellerlbunchers performed 88 percent of the 
felling. Once access had been created in the 
first thinning, most firms felt that mechanical 
felling was preferred in the second thinning. 
Skidding moved 95 percent of second thinning wood 
to roadside with the remainder forwarded. Almost 

two-thirds of the delimbinglbucking duties were 
perfomed manually. Several firms c 
the poor quality of gate-delimbed wood for stud 
mills. Almost all second thinning was perfomed 
on a selective basis since access was created in 
the first thinning for most stands. 

Thinning systents 

For first thinning, six different general 
thinning systems were reported by the companies 
contacted (Table 3 ) .  The most often reported 
system was the venerable Bobtail system, While 
this system appears to be a permanent fixture of 
pulpwood logging in the South, its importance is 
beginning to diminish. Host firms were hoping to 
see more mechanized contractors replace their 
Bobtail contractors in the future, Presently 42 
percent of first thinning was'reported to be 
performed by Bobtail systems. A system using a 
small fellerlbuncher, grapple skidder, and gate 
delhber was performing another 34 percent of 
first thinning work with four other systems 
accounting for the remaining 24 percent, 

Table 3. Systems reported for first thinnings. 

Type of Percent of 
System ~escript ionu Total 

Shor twood Saw-Saw-Bobtail 42 

Longwood 

Saw-Saw-Forwarder 8 

FIB-Process-Forwarder 4 

Saw-Skidder-Saw 0 

~ ~ e l l i n g - ~ e l i m b i n ~ / ~ u c k i n ~ - ~ o o d s  Transport 
components , 

Almost all systems for second thinning 
produced longwood (Table 4). Systems using a 
fellerlbuncher, grapple skidder, and delimbing 
gate were reported by 42 percent of those 
contacted, Similar systems using chainsaw 
delimbing instead of a delimbing gate were 
reported by 32 percent of the firms while cable 
skidder systems were reported by 21 percent. 
Such systems are versatile and can often be used 
effectively for small clearcuts when second 
thinning opportunities are not available. As the 
number of stands requiring a second thinning 
increases, some firms may develop specialized 
second thinning systems, 



Table 4 -  Systems reported for second 
thinnings. 

Type of Percent of 
System ~escript ionu Total 

Shortwo~d Saw-Saw-Bobtail 0 

Saw-Saw-Forwarder 0 

CONCLUSIONS 

While first thinnings have been intensively 
researched, second and later thinnings have been 
ignored. Research needs in second thinnings 
include examination of spatial constraints with 
larger machines, merchandising rules for thinaed 
wood, and appropriate logging systems, The 
effects of the type of first thinning conducted 
(row or row/selective) and tree size also need 
examination. If second thinnings are to be a 
common practice in pine management, they need to 
be studied and improved. 

Longwood Saw-Skidder- Saw 2 1 
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  el 1 iag-~el imbing/ ~ucking-woods Transport 
component 8 .  
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I N T E m D I A T E  mINNINGS I N  A MISSOURI SHORTLEAF PINE STAND: 
1 / A 30-YEAR HISTORY- 

2 / Robert Rogers- 
Ivan t Sander 

Abstract.--Thirty years ago an experiment was begun in 
a 30-year-old natural stand of shortleaf pine (Pinus 
echinata Mill.) to investigate the effect density and - - -- -- -- 
hardwood control had on pine growth. Thirty 1/2-acre plots 
were thinned to leave six levels of basal area ranging from 
50 to 138 square feet and to remove hardwoods. Plots were 
thinned every 10 years to the same density level. Results 
after 30 years show that stands repeatedly thinned to a 
constant basal area eventually become understocked and 
subsequently lose volume. Hardwoods reduce pine yield by 
eight to twelve percent. 

INTRODUCTION 

Of all the silvieultural activities available 
to the forester, thinning stands undoubtedly has 
the greatest impact on the production of 
sawtimber. Even at the turn of the century, early 
foresters intuitively recognized that growth and 
subsequent yield of forest stands were closely 
related to stand density. Perhaps they saw a 
likeness between growing forests and growing 
agricultural crops. But regardless of the reason, 
these early foresters began to study the effect 
stand density had on individual tree and stand 
growth. 

Today, we still study stand density in 
relation to growth. Why has our progress been so 
slow? The answer is true now as it was 80 years 
ago. Trees simply mature slowly. The fact that 
the time from seed to harvest spans a half a 
century or more requires a commitment to long term 
research that few organizations or individuals are 
willing or able to undertake. Add to this, the 
many commercially valuable species and species 
associations that need to be studied and the 
reason for our slowness becomes painfully clear. 

- '/ Paper presented at Third Southern 
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A technique that has been used to compress 
time involves substituting space for time. Here, 
individual tree and stand attributes are measured 
at a given point in time in stands of different 
ages growing on similar sites. Responses across 
time are obtained by linking observations together 
from different aged stands. This technique is 
useful, providing prior stand treatment does not 
influence stand responses to current treatments. 

Alternatively, one can follow the same stand 
and its development through time. Studies of 
stands that span decades are especially valuable 
because often they provide insights into the 
dynamics of stand growth and development that are 
simply not attainable in any other way. 

The study we report here documents the results 
of thinning shortleaf pine stands in Missouri over 
a 30-year period. The objectives of the study 
were to determine how stand growth is affected by 
changzng stand density, by using different methods 
of thinning, and by reducing or eliminating 
hardwood competition. 

DESCRIPTION OF THE STUDY AREA 

The natural range of shortleaf pine extends 
northward into Missouri for about 100 miles. In 
fact, it is Missouri's only native pine. The 
present range of pine in Missouri extends over 
approximately seven million acres, and is located 
for the most part in the rougher south central 
section of the Ozark Mountains, Here it exists in 
pure stands or in admixture with hardwoods -- 
principally the oaks. 



Practically all the old growth pines had been 
cut shortly after the turn of the century, so 
current stands are mainly second growth. These 
new stands have grown and developed chiefly as a 
consequertce of fire control programs that were 
instituted in the state during the early 1930's. 

The area selected for study is on the Sinkin 
Experimental Forest which is maintained by the 
North Central Forest Experiment Station, USDA 
Forest Service. The Experimental Forest is 
located about 120 miles south of St. Louis in Dent 
County. Within this area thirty 1/2-acre plots 
were picked for study. They were located on the 
tops and sides of two main ridges found in the 
headwaters of the Red Hill Branch of Sinking 
Creek. The elevation at these plots varies from 
1200 t o  1350 feet above sea level. The soil is 
thin, contains chert and rocks, and is classified 
as a Clarksville stony loam soil. Annual 
precipitation averages about 44 inches, but 
distribution is highly variable especially during 
the growing season, Although about half the 
precipitation falls during the growing season, 
rainless periods during late summer lasting up to 
six weeks are common. Mean annual. temperature is 
2i0c ( 2 9 O ~  in July, 1 2 O ~  in January). 

EARLY HISTORY 

At the time the study was started in 1950, 
the shortleaf pine stand was 30 years-old. It was 
established naturally soon after an oak-pine stand 
was harvested during the years between 1918 and 
1920. For the next thirteen years wildfires 
periodically swept over the area. But since 1933, 
when the area became part of the Clark National 
Forest (currently the Mark Twain National Forest), 
no burning has occurred. 

Information about initial establishment rates 
and composition were lacking. However, we do know 
that in 1934 when the stand was fourteen years old 
most o f  the overstory hardwood trees were cut or 
girdled, At the same time the pine was thinned, 
the number of trees were reduced almost in half 
from 1x00 trees per acre to approximately 600 
trees per acre. Unfortunately, no comprehensive 
records were kept so nothing is known about how 
much basal area was kept or what the diameter 
distribution of the residual stand looked like in 
1934. 

Nevertheless, at the time the study began in 
1950, stands averaged 570 trees per acre, 6.6 
inches dbh, 130 square feet of basal area, and 
were close to being 100 percent stocked according 
to the stocking chart developed by Rogers (1983). 
Average height of the codominant and dominant 
trees was about 50 feet at age 30 which gave a 

site index (index age = 50 years) of 70. The 
actual site index turned out to be slightly 
lower--65 feet. Few trees in the study were 
either less than 0 - 6  inches nor more than 12 
inches dbh. 

Most of the hardwood trees that were present 
were in the understory and probably were the 
result of sprouts that arose from the 
precommercial thinning conducted about 15 years 
earlier. Hardwoods less than 0-6 inches dbh 
averaged about 2800 stems per acre, However, 900 
trees per acre were greater than 0.6 inches but 
only had an average basal area of 14 square feet 
per acre. Sassafras, flowering dogwood, white and 
black oaks were the predominate species in the 
stand. Other less abundant species included 
hickory, blackgum, and post, scarlet, northern red 
and blackjack oaks. 

Four density levels were created by 
thinning--50, 70, 90, and 110 square feet of basal 
area per acre. In addition, an unthinned 
treatment was left as a check. Stocking percents 
(Rogers 1983) were 35, 50, 65, 77, and 105 
percent, respectively. 

In order to evaluate the effect hardwood 
competition had on the growth of pine, understory 
hardwoods were left on some plots thinned to 70 
square feet of basal area and all hardwoods were 
left on some unthinned plots. Hardwoods were 
controlled with herbicides on all other plots. 

The method used to select trees for thinning 
can best be described as a free thinning in which 
trees from all crown classes are free to be 
removed. During thinning the objective was to 
leave the best possible trees spaced as uniformly 
as possible over the area. 

Since the experiment started thirty years ago 
the experimental plots have been thinned three 
times at ten year intervals. The first two 
thinnings reduced basal area to the same level 
fixed by initial treatments. However, basal area 
was allowed to increase on some of the plots at 
the third thinning. 

RESULTS 

Compared to other density levels, net annual 
periodic cubic foot volume growth was greatest at 
70 square feet following the first thinning. 
Maximum growth occurred at the 110 level following 
the second and third thinnings (Table 1). 
Although growth following the first thinning 
peaked at a density of 70 square feet, growth at 
all levels was not significantly different 
(p < 0.05) from each other. However, growth varied 



Table 1.--Net annual periodic cubic foot volume growth per acre 
of shortleaf pine stands thinned to various density 
levels. 

THINNING : DENSITY LEVEL 
PERIOD : BASAL AREA (square feet) 
10 years : 

Table 2.--Met periodic cubic foot yield of shortleaf pine thinned 
to various density levels 

DENSITY LEVEL 
AGE BASAL AREA (square feet) 

: 50 : 70 : 90  : 110 : UNTHINNED 

significantly following subsequent thinnings and large (0.6 and 0.5 square feet per acre per year 
increased with increasing stand density up to 110 for the 70 and unthinned stand density levels, 
square feet and then declined. Similar trends repectively), they were significant. Net base1 
were observed with basal area and board foot area growth since the second thinning appeared to 
volume growth. be the same regardless of density level. 

The cubic foot yield at the time of the first 
thinning was the result of natural stand 
development to age 30 except for the thinning that 
was made at age 1 5  (Table 2). Although yield at 
age 40 is highest at the 70  density level no clear 
trend develops until the older ages. Yield 
increases with increasing stand density and is 
highest in the unthinned stands at age 51. 
However, there is no significant (p < 0.05) 
difference between the yield of unthinned stands 
and that of stands thinned to basal areas of 90 
and 110 square feet. Yield peaks at a stand 
density of 110 square feet in stands at age 60 and 
then declines. Board foot volume yields followed 
similar trends over this thirty year period. 

Periodic annual net basal area growth of 
shortleaf pine following the first thinning was 
better on plots where hardwoods were controlled 
than on plots where they were not controlled. 
Although the differences in net growth were not 

The study also showed that the presence of a 

hardwood component in a shortleaf pine stand has a 
negative affect on both annual merchantable volume 
growth and yield. However, the depression of 
growth was not observed until after the second 
thinning. Overall, the presence of hardwoods 
reduced overstory pine growth and yield by 8 to 12 
percent. 

DISCUSSION 

The decreases in growth and yield currently 
observed in stands thinned heavily at the outset 
of the study illustrates what happens when stands 
are repeatedly thinned to the same residual basal 
area level. In the development of evenaged 
stands, basal ares normally increases until an age 
is reached when mortality and growth are about 
equal. If basal area is not allowed to increase, 
an understocked stand is eventually created. 
Although it is too early to come to any definite 
conclusions, growth and yield of plots appear to 



be greaser in plots where residual basal area was 
increased following the third thinning. In 
general, the trends observed in this study 
indicate that understocking occurs after one 
thinnine; in stands repeatedly thinned to 50 square 
feet of basal area and after two thinnings in 
stands thinned to 70 square feet. 

During this 30 year period of stand 
development, ingrowth was an important factor 
contributing to growth and yield, especially at 
the beglfnning of the study. Initially, plots at 
all density levels had many trees smaller than the 
threshold diameters used to determine cubic foot 
and board foot volumes. Therefore, the potential 
addition to volume by ingrowth was high. But 
after the second thinning, few trees smaller than 
the threshold diameter were left except those in 
unthinned plots. For this reason, volume gains 
were great in unthinned plots prior to the last 
thinning. Now, few ingrowth trees remain in the 
unthinned plots so dramatic increases in volume 
due to ingrowth are not likely. In fact, current 
net growth and yield are depressed in tRe 
unthinrxed stands because of the severe competition 
occurring within the stand. 

The failure to observe a difference in growth 
response of overstory pines between plots where 
hardwoods were controlled and where they were not 
controlled after the second thinning can be 
attributed to the development of a pine understory 
in plots where hardwoods were controlled and where 
residual stand density was kept at 70 square feet 
of basal area, The pine understory appears to 
have the same affect on overstory pine growth in 
plots where hardwoods were controlled as in plots 
where the hardwood understory was not controlled 
(density held constant at 70 square feet). In 
unthinned plots competition is so severe it makes 
little difference to overstory pine growth whether 
a hardwood understory exists or not. 

CONCLUSIONS 

Thfnning shortleaf pine stands is a 
benefielal silvicultural practice that results in 
increased product' yields and shorter rotations. 
Thinnings should begin at age 10 to 15 and 
continue regularly at 10 to 15 year intervals. 
Residual. basal area should be allowed to increase 
at each thinning to effectively use all available 
growing space. Basal areas corresponding to 60 
percent stocking (Rogers 1983) can be used to 
guide thinning . 

range of shortleaf pine, However, they should be 
carefully checked before being applied. 
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The results reported here apply specifically 
to similar natural shortleaf pine stands in 
Missouri but may be indicative of responses that 
can be expected to occur in stands throughout the 



1 / RESPONSE OF SUGAMERRY TO REEASE TRUmEWS-- 

J. S. Meadows, 3. D. Kodges, 

E. C. Burkhardt ,  and R. L. ~ o h n s o d ~  

Abstract.--The f ive-year  response of 65-year-old 
sugarber ry  ( C e l t i s  l a e v i g a t a  Wil ld,)  trees both t o  complete 
r e l e a s e  and t o  two types of p a r t i a l  r e l e a s e  t rea tments  was 
eva lua ted .  Complete r e l e a s e  produced a very  l a r g e  i n c r e a s e  
i n  d iameter  g r o m h  r a t e  f o r  t r e e s  of a l l  crown c l a s s e s ,  b u t  
t h e  l a r g e s t  i n c r e a s e  was observed among prev ious ly  overtopped 
t r e e s .  P a r t i a l  r e l e a s e  r e s u l t e d  i n  increased  d iameter  growth 
r a t e s  t h a t  ranged from 63 t o  83  percen t  of t h o s e  ob ta ined  
through complete r e l e a s e .  Height  growth and crown d iameter  
growth were n o t  a f f e c t e d  by r e l e a s e ,  a l though bo le  t a p e r  was 
s l i g h t l y  increased .  

Sugarberry i s  i n c r e a s i n g l y  becoming a major 
component of hardwood s t a n d s  i n  t h e  major 
bottomlands of t h e  South. Nearly pure s t a n d s  of 
sugarber ry  a r e  r e l a t i v e l y  common, p a r t i c u l a r l y  
on t h e  moist s i t e s  of t h e  b a t t u r e  l ands  between 
t h e  r i v e r s  and t h e  levees .  Most of t h e s e  s t a n d s  
a r e  t h e  r e s u l t  of p a s t  "high-grading" p r a c t i c e s  
coupled w i t h  a l a c k  of f o r e s t  management. 
Because sugarber ry  is  a shade- to le ran t  s p e c i e s ,  
i t  w i l l  p e r s i s t  f o r  many y e a r s  i n  t h e  lower and 
mid-canopies beneath l a r g e r  t r e e s  of o t h e r ,  more 
i n t o l e r a n t  s p e c i e s  (Putnam e t  al. 1960). m e n  
t h e  upper canopy is  removed i n  some type of  
p a r t i a l  c u t t i n g ,  t h e  r e s i d u a l  sugarber ry  t r e e s  
develop i n t o  a n e a r l y  pure s t a n d .  

Sugarberry is  commonly considered t o  be a 
slow-growing s p e c i e s .  Average diameter  growth 
r a t e s  of dominant and codominant t r e e s  on good 
s i t e s  have been r e p o r t e d  t o  range from 1.3 t o  
3.3 i n c h e s  p e r  decade (Br i scoe  1955, Fowells 
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1965, Pu t rna~  e t  a l .  1960). A maximum growth 
r a t e  o f  4 inches  per  decade on good s i t e s  was 
found by B u l l  (1945). However, r e c e n t  d a t a  
c o l l e c t e d  from CFI p l o t s  i n d i c a t e  t h a t  
i n d i v i d u a l  sugarber ry  t r e e s  a r e  capable of 
growing a t  r a t e s  of n e a r l y  6 inches  per  decade 

3 / i n  some s i t u a t i o n s  .- 
Stumpage v a l u e s  of sugarber ry  have 

increased  i n  r e c e n t  y e a r s ,  a s  markets f o r  
sugarber ry  a s  a f u r n i t u r e  wood have become 
a v a i l a b l e ,  making management more economical ly 
a t t r a c t i v e .  However, l i t t l e  is  known about  t h e  
proper  s i l v i c u l t u r a l  t echniques  t o  u s e  i n  
management of t h e s e  pure  sugarber ry  s t a n d s .  

For t h i s  reason,  a s tudy  was begun i n  1978 
by M i s s i s s i p p i  S t a t e  U n i v e r s i t y ,  i n  c o o p e r a t i o n  
wi th  t h e  U. S. F o r e s t  Serv ice  and Anderson-Tully 
Company t o  determine t h e  response of i n d i v i d u a l  
sugarber ry  t r e e s  t o  v a r i o u s  r e l e a s e  t rea tments .  
The s t u d y  was designed t o  o b t a i n  in format ion  
about  a n  i n d i v i d u a l  t r e e ' s  a b i l i t y  t o  respond t o  
d i f f e r e n t  types of r e l e a s e ,  bu t  n o t  t o  t e s t  t h e  
e f f e c t i v e n e s s  of v a r i o u s  s i l v i c u l t u r a l  
techniques.  

NETHODS AND PROCEDURES 

Descr ip t ion  of Study Area 

The s tudy  a r e a  i s  loca ted  i n  I s saquena  
County, M i s s i s s i p p i ,  i n  t h e  M i s s i s s i p p i  River  
f l o o d p l a i n ,  on  land  owned by Anderson-Tully 

L i ~ u r k h a r d t ,  E. C.  1978. Unpubl. d a t a .  
Anderson-Tully Co . , Vicksburg , MS. 



Campany- The a r e a  i s  i n  t h e  b a t t u r e  l ands  
between the M i s s i s s i p p i  River  and t h e  Levee and 
i s  s u b j e c t  t o  f looding ,  Such a r e a s  a r e  n o m a l l y  
good s u g a r b e r r y  s i t e s .  

T h e  s t a n d  s e l e c t e d  f o r  t h e  s tudy  had 
r e c e i v e d  no c u t t i n g  s i n c e  t h e  mid-1950's and was 
pr imarF1y composed of sugarberry.  It had 
a p p a r e n  tly o r i g i n a t e d  beneath an  old-growt h 
s t a n d  o f  mixed hardwoods. P a s t  c u t t i n g  
p r a c t i c e s  had produced a wide v a r i e t y  of t r e e  
s i z e  c l a s s e s  i n  t h e  c u r r e n t  65-year-old 
s u g a r b e r r y  s tand .  Host o f  t h e  t r e e s  i n  t h e  
s t a n d  exhib i ted  poor bo le  form, Forked and 
crooked sugarber ry  t r e e s  a p p a r e n t l y  developed 
under  a dense overs to ry ,  whereas those  trees 
wi th  l o n g  o r  p o t e n t i a l l y  long merchantable  
l e n g t h s  probably developed i n  " f r  ee-to-grow" 
c o n d i t i o n s .  

Two methods were used t o  determine t h e  
r e s p o n s e  of i n d i v i d u a l  sugarber ry  t r e e s  t o  
r e l e a s e .  I n  t h e  f i r s t  method, response t o  
c o m p l e t e  r e l e a s e  was evaluated.  I n  t h e  second 
method, t h e  response t o  v a r i o u s  p a r t i a l  r e l e a s e  
t r e a t m e n t s  was determined. 

Paired-Tree Study 

T h e  f i r s t  s tudy  method was designed t o  
d e t e r m i n e  t h e  response of i n d i v i d u a l  sugarber ry  
t r e e s  t o  complete r e l e a s e .  A pa i red- t ree  
t e c h n i q u e  was used,  such t h a t  one t r e e  of a p a i r  
was c o m p l e t e l y  r e l e a s e d  and another  t r e e  of 
s i m i l a r  s i z e  and crown c l a s s  served a s  a 
c o n t r o l .  A t o t a l  o f  8 8  t r e e s  were used - 12 
d o m i n a a t s ,  12 codominants, 32 i n t e r m e d i a t e s ,  and 
32 over topped  t r e e s .  

Complete  r e l e a s e  was achieved by c u t t i n g  
a l l  e x c e p t  s tudy  t r e e s  i n  four  smal l  a r e a s ,  
r a n g i n g  i n  s i z e  from 5/2 a c r e  t o  4 a c r e s .  A f i f t h  
c l e a r i n g  was about  8-10 a c r e s  i n  s i z e .  Control  
t r e e s  w e r e  loca ted  i n  t h e  a d j a c e n t  uncut  s tand .  
To i n s u r e  t h a t  each t r e e  was indeed completely 
r e l e a s e d ,  trees s e l e c t e d  f o r  r e l e a s e  were 
l o c a t e d  a t  l e a s t  200 f e e t  from each o t h e r  and 
from t h e  edge of t h e  uncut s tand .  A l l  
non-sample t r e e s  i n  t h e  c l e a r i n g s  were f e l l e d  i n  
t h e  w i n t e r  of 1978-79. 

D i a m e t e r  a t  b r e a s t  h e i g h t ,  t o t a l  h e i g h t ,  
diameter-outside-bark (dob) a t  17.3 f e e t ,  and 
crown d i a m e t e r  were measured on a l l  pa i red  t r e e s  
a t  t h e  t i m e  of s t u d y  i n s t a l l a t i o n .  Previous 
f ive-  and ten-year d iameter  growth r a t e s  were 
m e a s u r d  from increment bor ings  of each t r e e .  
Taper was c a l c u l a t e d  t o  be t h e  r e d u c t i o n  i n  dob 
along t h e  bo le  between 4.5 f e e t  and 17.3 f e e t .  
Some t r e e s  were forked o r  had branches a t  17.3 
f e e t .  I n  t h e s e  c a s e s ,  upper-stem diameter  was 
measured a t  t h e  most a p p r o p r i a t e  p o i n t  n e a r e s t  
t o  1 7 . 3  f e e t ,  To s t a n d a r d i z e  t h e  d a t a ,  b o l e  
t a p e r  -was c a l c u l a t e d  according t o  t h e  fol lowing 
f o r m u l a ,  and expressed i n  terms of a n  8-foot 
b o l e  s e c t  ion: 

DBH - DOEU 
Taper = A - B  x 8 

h e r e :  BOBu = upper-stem do5 

A = h e i g h t  on bo le  Where upper-stem 
dob was measured 

3 = h e i g h t  on bo le  where dbh was 
measured 

Stand b a s a l  a r e a  b e f o r e  t reatment  was t a k e n  w i t h  
a 10-factor  prism from a po in t  6 f e e t  s o u t h  of 
each t r e e .  F i f  th-year remeasurments  of all 
t h e s e  t r a i t s  were made i n  January 1984. 

Treatment P l o t s  

The second s tudy  method was des igned  t o  
de te rmine  t h e  e f f e c t s  of v a r i o u s  p a r t i a l  r e l e a s e  
t r e a t m e n t s  on t h e  growth of  i n d i v i d u a l  
sugarber ry  t r e e s .  Three t r e a t m e n t s  were 
eva lua ted  : 

1. Release  from Above - a l l  dominant and 
codominant t r e e s  were c u t ,  l e a v i n g  a l l  
i n t e r m e d i a t e  and overtopped t r e e s ;  

2. Release from Below- a l l  i n t e r m e d i a t e  and 
overtopped t r e e s  were c u t ,  l e a v i n g  a l l  
dominant and codominant t r e e s ;  and 

3 .  Cont ro l  - uncut p l o t s .  

Treatments were app l ied  t o  r e c t a n g u l a r  
p l o t s  measuring 4 x 8 chains (3.2 a c r e s )  each.  
Sampling of t r e e s  t o  determine growth response  
was performed on f o u r  l / l 0 - a c r e  c i r c u l a r  
subplo t s  s y s t e m a t i c a l l y  e s t a b l i s h e d  on each  
p l o t .  Treatments  were r e p l i c a t e d  t h r e e  t imes  
and were a p p l i e d  i n  t h e  win te r  of 1978-79. 

Measurements made a t  t h e  time of s t u d y  
i n s t a l l a t i o n  were t h e  same a s  those  performed i n  
t h e  p a i r e d - t r e e  s t u d y ,  except  t h a t  s t a n d  b a s a l  
a r e a  was determined d i r e c t l y  from sub-plot d a t a .  
Fif th-year  remeasurements were made i n  January  
1984. 

RESULTS AND DISCUSSION 

Paired-Tree Study 

I n i t i a l  Condit ions 

A wide v a r i e t y  of s i z e  c l a s s e s  e x i s t e d  i n  
t h e  s t a n d  p r i o r  t o  t rea tment  (Table 1 ) .  There 
was a f a i r l y  s h a r p  d i s t i n c t i o n  between t h e  upper  
crown c l a s s  t r e e s  and t h e  lower crown c l a s s  
t r e e s  i n  a l l  c h a r a c t e r i s t i c s  measured, b u t  
p a r t i c u l a r l y  i n  t o t a l  h e i g h t  and crown d iameter .  
Most of t h e  dominants were l a r g e  t r e e s  w i t h  
deep, spread ing  crowns. Codominants were a l s o  
l a r g e  t r e e s ,  bu t  t y p i c a l l y  had narrower crowns 
wi th  l e s s  dense f o l i a g e  than t h e  dominants. 



Table 1.--Mean pre-treatment c h a r a c t e r i s t i c s ,  by 
crown c l a s s ,  of sugarber ry  t r e e s  s e l e c t e d  f o r  
t h e  pa i red- t ree  r e l e a s e  s tudy.  

B 

- 

Previous 
10-yr 

Crown Diameter To t a l  Crown 
Class  B E  Gromh Height Diameter 

-in- -in- -f t- -f t- 

Dominant 15.5 1.8 7 8 33 

Codominant 1 2 - 1  1.7 7 2 2 7 

In te rmedia te  6.4 1.1 56 16 

Over topped 4.7 0.6 41 15 

Grea te r  v a r i a t i o n  i n  both s i z e  and crown 
condi t ion  was found w i th in  t h e  lower crown 
c l a s se s .  A s  a group, t h e  in te rmedia te  t r e e s  had 
l a r g e r  d iameters  and were t a l l e r  than overtopped 
t r e e s ,  bu t  most were cha r ac t e r i z ed  by s h o r t ,  
narrow crowns. The ma jo r i t y  of t h e  overtopped 
t r e e s  had a f lat- topped crown, spa r s e  f o l i a g e ,  
very  poor bole form, and were lean ing .  However, 
a few of t h e  overtopped t r e e s  had good bole form 
and dense f o l i a g e  . 

The average 10-year diameter  growth r a t e s  
of dominants and codominants, 1.7-1.8 
inches/decade,  were f a i r l y  t y p i c a l  f o r  
sugarberry grown i n  unmanaged s tands .  However, 
t he se  r a t e s  were on t h e  lower end of t h e  range 
of 1.3-3.3 inches/decade mentioned above. The 
overtopped t r e e s  had a very slow average 
diameter  growth r a t e  of 0.6 inches/decade (Table 
1) 

Comparison of con t ro l  and re leased  t r e e s  
revealed no s i g n i f i c a n t  d i f f e r ences  between 
t rea tments ,  r ega rd l e s s  of crown c l a s s ,  i n  any of 
t h e  c h a r a c t e r i s t i c s  measured p r i o r  t o  t reatment  
(Table 2 ) .  Mean s tand  ba sa l  a r e a  was r e l a t i v e l y  
high and, when aver  aged ac ro s s  both t rea tments  , 
was 114 f t 2 / ac r e .  

Five-year Response t o  Complete Release 

Of t h e  88 t r e e s  o r i g i n a l l y  included i n  t h e  
s tudy ,  34, o r  39 percent ,  were el iminated f o r  
va r i ous  reasons.  Wind s t o m s  i n  February 1979 
and A p r i l  1980 destroyed 9 of 44 con t ro l  t r e e s  
(20 percent )  and 18 of 44 re leased  t r e e s  (41 
percent)  . Logging opera t ions  a l s o  destroyed 6 
released:  t r e e s  (14 percent ) .  Only one t r e e ,  an  
overtopped con t ro l ,  d ied  of n a t u r a l  mor t a l i t y  
during t h e  s tudy  period. To t a l  m r t a l i t y  was 10 
c on t ro l  t r e e s  (23 percent )  and 24 re leased  t r e e s  
(55 percent)  . 

Fif th-year  reneasurements a r e  summrized i n  
Table 3. Complete r e l e a s e  produced a n e a r l y  
th ree- fo ld  i nc r ea se  i n  d i m e  t e r  growth, a s  
compared t o  t h e  c o n t r o l s  - 1.4 inches  ve r su s  0.5 
inches ,  averaged over  a l l  crown c l a s s e s .  
However, no s i gn i f  i can  t d i f f e r ences  between 
t r e a tmen t s  were found i n  he igh t  growth o r  crown 
diameter  growth. Trees of both t rea tments  
averaged Less than 2 f e e t  of he igh t  growth i n  5 
years .  Crown diameter  growth f o r  t r e e s  of  both 
t rea tments  was a l s o  neg l i g ib l e .  However, t r e e s  
t h a t  were completely re leased  did show a s l i g h t  
i nc r ea se  i n  crown diameter ,  whereas c o n t r o l  
t r e e s  exhib i ted  a s l i g h t  reduc t ion  i n  crown 
d iameter ,  probably due t o  crown die-back 
a s soc i a t ed  with t h e i r  unreleased condi t ion .  
Complete r e l e a s e  a l s o  r e su l t ed  i n  a s i g n i f i c a n t  
i nc r ea se  i n  bo le  taper .  However, t h e  i nc r ea se  
i n  t ape r  of on ly  0.11 inches /8  f e e t  was 
r e l a t i v e l y  unimportant i n  comparison with t h e  
l a r g e  i nc r ea se  i n  diameter  growth produced by 
complete r e l e a se .  

An i n t e r e s t i n g  way of comparing t h e  
diameter  growth r a t e s  produced by t he se  two 
t rea tments  i s  t o  use  a diameter  growth r a t i o :  
t h e  diameter  growth f o r  t h e  5-year period a f t e r  
t reatment  divided by t h e  diameter  growth f o r  t h e  
5-year period immediately before t rea tment .  
T h i s  r a t i o  is a measure of t h e  i nc r ea se  i n  
diameter  growth r a t e  r e l a t i v e  t o  t h e  growth r a t e  
e x i s t i n g  p r i o r  t o  t reatment .  The d iameter  
growth r a t i o  of 2.98 exhib i ted  by t h e  comple te ly  
re leased  t r e e s  (Table 3)  i nd i ca t ed  t h a t  complete 
r e l e a s e  produced a nea r l y  three-fold i nc r ea se  i n  
diameter  growth r a t e ,  when averaged over  a l l  
crown c l a s se s .  On t h e  o t h e r  hand, c o n t r o l  t r e e s  
were no t  q u i t e  a b l e  t o  main ta in  t h e i r  p rev ious  
growth r a t e s ,  a s  ind ica ted  by t h e i r  average 
diameter  growth r a t i o  of 0.89. Basal a r e a  
growth r a t i o  was ca l cu l a t ed  i n  t h e  same manner 
a s  d iameter  growth r a t i o  - ind iv idua l - t ree  b a s a l  
a r e a  growth 5 years  a f t e r  t rea tment  a s  compared 
t o  5-year i nd iv idua l - t r e e  ba sa l  a r e a  growth 
before t rea tment .  The ba sa l  a r e a  growth r a t i o s  
i n  Table 3 more s t r ong ly  i l l u s t r a t e  t h e  
s i g n i f i c a n t  growth response exhib i ted  by t h e  
completely re leased  t r e e s .  

These growth r a t i o s  were a l s o  analyzed by 
crown c l a s s  wi th in  t reatment  (Table 4) .  The 
growth r a t i o s  exhib i ted  by t h e  con t ro l  t r e e s  
were i n d i c a t i v e  of t h e  course  of n a t u r a l  
development of t h e  s tand.  Dominant c o n t r o l  
t r e e s ,  with a mean diameter  growth r a t i o  of  
1.10, s l i g h t l y  improved t h e i r  growth r a t e s ,  and 
codominant c o n t r o l  t r e e s ,  with a mean diameter  
g r a j t h  r a t i o  of 0.96 and a mean basa l  a r e a  
growth r a t i o  of  1.05, ba r e ly  maintained t h e i r  
previous growth r a t e s .  Lower crown c l a s s  
c o n t r o l  t r e e s  were thus  squeezed ou t  even more, 
a s  r e f l e c t e d  by growth r a t i o s  f o r  bo th  
in te rmedia te  and overtopped c o n t r o l  t r e e s  of 
l e s s  than  1.0. 

The e f f e c t  of complete r e l e a s e  on d iameter  
growth r a t e s ,  a s  i l l u s t r a t e d  i n  t h e  diameter  



Table 2 .--Mean pr e-treatment c h a r a c t e r i s t i c s ,  by t rea tment ,  of sugarberry t r e e s  s e l ec t ed  f o r  t h e  paired-  
t r e e  re lease  s tudy.  

Previous Stand 
10-yr Diameter Tot a1  Crown Bole Bas a 1  

Trea tme n t  DBH Growth Weight Diameter Taper Area 

Cont ro l .  

R e l e a s e  

-f t- - i d 8  f t -  -f t2 /acre-  

2 l a  l . l l a  116a 

2 3a 1.18a 112a 

1 / ~ r e a t m e n t  means no t  followed by t h e  same l e t t e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  of 
p r o b a b i l i t y .  

Table 3,--Five-year response of sugarberry t r e e s  subjected t o  e i t h e r  complete o r  no r e l e a s e  i n  t h e  paired-  
t r e e  r e l e a se  s tudy.  

Basal  
Crown Diameter Area 

Diameter Height Diame t e r  I nc r ea se  Growth Growth 
Trea tment  Growth Growth Growth I n  Taper Ratio Ra t i o  

-in- -f t- -f t- -in18 f t -  

R e l e a s e  11 1.41a- 1.2a 1.2a 0.11 b 2.98a 3.47a 

C o n t r o l  0.54 b 1.7a -1.7a 0.02a 0.89 b 0.96 b 

g ~ r e a t m e n t  means n o t  followed by t h e  same l e t t e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  of 
p r o b a b i l i t y  . 

Table  4.--Five-year growth r a t i o s ,  by crown 
c l a s s  w i th in  t rea tment ,  of sugarberry t r e e s  i n  
t h e  pa i r ed - t r e e  r e l e a s e  s tudy.  

than  t h e  r a t i o  of 1.10 exhib i ted  by t h e  dominant 
c o n t r o l  t r e e s .  S ta ted  another  way, t h e r e  was a 
10 percent  i nc r ea se  i n  t h e  diameter  growth r a t e  
of dominant c o n t r o l  t r e e s ,  whereas complete 
r e l e a s e  produced a 61 percent  increase .  

Diameter Basal Area 
Crown Growth Rat io  Growth Ra t i o  
C l a s s  Control  Release Control  Release 

Doroinaslt 1.10 1.61 1.17 1.79 

Codornimant 0.96 2.04 1.05 2.30 

I n t e r m e d i a t e  0.80 2.79 0.86 3.21 

Overtopped 0.87 5.50 0.91 6.63 

growth r a t i o s  of Table 4, was s i g n i f i c a n t .  The 
d i a m e t e r  growth r a t i o  of 1.61 exh ib i t ed  by domi- 
nant  r e l e a s e d  t r e e s  was s i g n i f i c a n t l y  g r e a t e r  

The explana t  ion  f o r  t h i s  f a i r l y  l a r g e  
response t o  complete r e l e a s e  by dominant t r e e s  
is  probably r e l a t e d  t o  t h e  shade-tolerance of 
s u g a r b e ~ r y .  Consequently, sugarberry t r e e s  a r e  
no t  good n a t u r a l  pruners  (Fowells 1965). Lower - 
l imbs tend t o  be re ta ined  f o r  a long time. 
Fol iage  on t he se  lower limbs, even on dominant 
t r e e s ,  probably r ece ive s  j u s t  enough s u n l i g h t  t o  
remain a l i v e ,  bu t  no t  enough sun l i gh t  t o  enable  
i t  t o  e f f e c t i v e l y  con t r i bu t e  t o  t h e  growth of 
t h e  t r e e .  When t h e  ad jacent  t r e e s  a r e  removed, 
a s  i n  complete r e l e a s e ,  t h e  amount of s u n l i g h t  
received by t h e  upper crown is  not  increased .  
However, t h e  amount of sun l i gh t  received by 
those  prev ious ly  unproductive lower limbs i s  
g r e a t l y  increased .  A s  a r e s u l t  of complete 
r e l e a s e ,  then ,  t h e  lower crown begins t o  become 
e f f e c t i v e  i n  con t r i bu t i ng  t o  t h e  diamkter  growth 



o f  t h e  t r e e ,  I n  t h i s  way, even t h e  dominants 
were a b l e  t o  show a s i g n i f i c a n t  response t o  
c m p l e t e  r e l e a s e ,  The increased  amounts of s o i l  
mois tu re  and n u t r i e n t s  made a v a i l a b l e  t o  
cafopletely r e l e a s e d  trees m y  have a l s o  
contributrsd t o  t h e i r  s i g n i f i c a n t  growth 
response.  

T h i s  l i n e  of reasoning can be extended t o  
t r e e s  of t h e  o t h e r  c r o w  c l a s s e s .  The magnitude 
of t h e  d iameter  growth r a t i o  of r e l e a s e d  t r e e s  
i n  t h i s  s tudy  was a r e f l e c t i o n  p r i m r i l y  of t h e  
amount of t h e  t r e e ' s  f o l i a g e  t h a t  was converted 
from a l e v e l  of low p r o d u c t i v i t y  t o  a l e v e l  of 
h igh  p r o d u c t i v i t y  by t h e  increased  s u n l i g h t  
a f forded  by complete r e l e a s e .  

The most d r a m t i c  response t o  complete 
r e l e a s e  was observed i n  p rev ious ly  overtopped 
t r e e s ,  which showed a mean diameter  growth r a t i o  
of 5.50 (Table 4 ) .  Overtopped t r e e s  were 
r e p r e s e n t a t i v e  of t h e  extreme s i t u a t i o n ,  i n  
which n e a r l y  a l l  of t h e  t r e e ' s  f o l i a g e  was 
o p e r a t i n g  a t  a l e v e l  of low p r o d u c t i v i t y  b e f o r e  
r e l e a s e ,  and a l l  of i t  was converted t o  a l e v e l  
of h igh  p r o d u c t i v i t y  by complete r e l e a s e .  
Marquis (1 981) repor ted  s i m i l a r  r e s u l t s ,  i n  t h a t  
6 7-year-old overtopped American beech (Fag us 
g r a n d i f o l i a  Ehrh. ) s a p l i n g s  and po les  increased  
t h e i r  diameter  growth r a t e s  four-fold f i v e  y e a r s  
a f t e r  n e a r l y  complete r e l e a s e ,  produced by 
c l e a r c u t  t i n g  a l l  merchantable  t imber  from a s i t e  
i n  t h e  Allegheny Nat iona l  F o r e s t .  

Treatment P l o t s  

I n i t i a l  Condit ions 

P r i o r  t o  t rea tment ,  t h e  s t a n d  i n  which t h e  
r e l e a s e  t rea tment  p l o t s  were loca ted  had a mean 
s t a n d  b a s a l  a r e a  of 129 f t 2 / a c r e  f o r  t r e e s  
g r e a t e r  t h a n  2.0 inches  dbh, with 276 t r e e s  per  
a c r e  and a mean s t a n d  diameter  of 9.2 inches .  
Sugarberry comprised 58  percen t  of t h e  t o t a l  
s t a n d  b a s a l  a r e a  (75 f t 2 / a c r e )  and 5 3  percen t  of 
t h e  t o t a l  number of t r e e s  (146 t r e e s  per a c r e ) .  
Mean diameter  of t h e  sugarber ry  component was 
9.7 inches .  The remainder of t h e  s tand  was 
composed of s c a t t e r e d ,  l a r g e  g r e e n  a s h  (Frax inus  
pennsy lvan ica  Marsh. ) and sweet pecan (Carya 
i l l i n o e n s  i s  (Wangenh . ) K . Koch) , some pole-s ized 
boxelder  (Acer negundo L. ) , and numerous small  
e l m s  (Ulmus spp.) . 

Uncut c o n t r o l  p l f t s  averaged 270 t o t a l  
t r e e s  per  a c r e ,  131 f t  of b a s a l  a r e a  per  a c r e ,  
and had a mean s t a n d  d iameter  of 9.4 i n c h e s  
(Table 5 ) .  Release from above r e s u l t e d  i n  a 
s l i g h t  decrease  i n  tv number of t r e e s  t o  204 
per  a c r e ,  but  a 75 f t  r e d u c t i o n  i n  s t a n d  b a s a l  
a r e a .  Cut t ing  t h e  l a r g e r  t r e e s  on t h e s e  p l o t s  
reduced mean s tand  diameter  t o  7.1 inches.  
Release from below had t h e  o p p o s i t e  e f f e c t .  
There was a very  l a r g e  r e d u c t i o n  i n  t h e  number 
of t r e e s  t o  on ly  55 p e r  a c r e  and a 45 e r c e n t  9 decrease  i n  s t a n d  b a s a l  a r e a  t o  72 f t  / ac re .  

Table  5.--Residual s t a n d  c h a r a c t e r i s t i c s  imme- 
d i a t e l y  a f t e r  p a r t i a l  r e l e a s e  t rea tments  were 
imposed on t rea tment  p l o t s .  

Stand Me an 
Basal  Stand 

Treatment Trees  Area Diameter 

-no/acre- - f t2 /ac re -  -in- 
Cont ro l  270 131 9.4 

Release - above 204 56 7.1 

Release - below 55 7 2 15.5 

Cut t ing  t h e  smal le r  t r e e s  on t h e s e  p l o t s  
increased  mean s t a n d  diameter  t o  15.5 inches .  

There were l a r g e  i n i t i a l  d i f f e r e n c e s  among 
r e s i d u a l  t r e e s  of t h e  t h r e e  t rea tments  i n  s i z e  
and prev ious  d iameter  growth r a t e s  (Table 6 ) .  
Trees  remaining immediately a f t e r  r e l e a s e  from 
below were l a r g e r  and had f a s t e r  diameter  growth 
r a t e s  than  c o n t r o l  t r e e s .  On t h e  o t h e r  hand, 
t r e e s  remaining immediately a f t e r  r e l e a s e  from 
above were smaller and had s lower d iameter  
growth r a t e s  t h a n  c o n t r o l  t r e e s .  

Five-year Response t o  Various Release Treatments  

Because of t h e s e  s i g n i f i c a n t  d i f f e r e n c e s  i n  
i n i t i a l  s i z e  and growth r a t e s  among r e s i d u a l  
t r e e s ,  a n a l y s i s  of covariance was performed on 
t h e  f ive-year  r e s u l t s  t o  a d j u s t  f o r  t h e s e  
d i f f e r e n c e s ,  and t o  a l low d i r e c t  comparison of 
t h e  e f f e c t s  of t h e s e  p a r t i a l  r e l e a s e  t r e a t m e n t s  

Table  6.--Mean c h a r a c t e r i s t i c s  of r e s i d u a l  
s u g a r b e r r y  t r e e s  immediately a f t e r  p a r t i a l  
r e l e a s e  t r e a t m e n t s  were imposed on t rea tment  
p l o t s .  

Previous 
10-yr . 
Diameter Tota l  Crown 

Treatment DBH Growth Height  Diameter 

-in- -in- -f t- -f t- 
Release- 

below 1 4 . 5 2 '  11.8a 8 0a 2 9a 

Cont ro l  9.9 b 1.4 b 64 b 23 b 

Release- 
above 7.1 c 0.9 c 52 c 18 c 

1 ' ~ r e a t m e n t  means n o t  followed by t h e  same 
letter a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 
l e v e l  of p r o b a b i l i t y  . 



on  g z m h  response,  Fif th-year  a d j u s t e d  These r e s u l t s  compared favorab ly  w i t h  t h o s e  
t r e a t m e n t  means r e f l e c t  t h e  response t h a t  would ob ta ined  by o t h e r  workers. Johnson (1 950 ) found 
have been observed i f  a l l  t h e  t r e e s  were t h a t  heavy p a r t i a l  r e l e a s e  produced a 26 p e r c e n t  
o r i g i n a l l y  t h e  same s i z e .  i n c r e a s e  i n  t h e  10-year diameter  growth r a t e s  o f  

mixed bottomland hardwood t r e e s  ( p r i n c i p a l l y  oak 
F ive-year  response t o  t h e s e  r e l e a s e  

t r e a t m e n t s  i s  smfaarized i n  Table 7. Both types  
of p a r t i a l  r e l e a s e  ( r e l e a s e  from above and 
r e l e a s  e from below) produced diameter  growth 
s i g n i f i c a n t l y  g r e a t e r  than  t h e  c o n t r o l ,  but  d id  
n o t  d l f f e r  from each o t h e r  i n  t h e i r  e f f e c t .  
Both h e i g h t  growth and crown diameter  growth 
were s l o w  and no s i g n i f i c a n t  d i f f e r e n c e s  among 
t r e a t m e n t s  were found i n  e i t h e r  parameter .  
However, t r e e s  r e l e a s e d  from below d id  show a 
s i g n i f i c a n t l y  l a r g e r  i n c r e a s e  i n  bo le  t a p e r  t h a n  
d id  t r e e s  i n  t h e  c o n t r o l  p l o t s .  Trees r e l e a s e d  
from above showed no such adverse  e f f e c t  on 
t a p e r  = 

Growth r a t i o s  c a l c u l a t e d  f o r  t h e s e  
t r e a t m e n t s  i n d i c a t e d  t h a t  both types  of p a r t i a l  
r e l e a s e  produced s i g n i f i c a n t  i n c r e a s e s  i n  bo th  
d i a m e t e r  growth r a t e  and ind i v i d u a l - t r e e  b a s a l  
a r e a  growth r a t e  (Table 7 ) .  Dominant and 
codomLnant t r e e s  r e l e a s e d  from below showed a 
mean diameter  growth r a t e  about  1.5 t imes  
g r e a t e r  than  t h a t  e x h i b i t e d  b e f o r e  r e l e a s e ,  
k ihereas  i n t e r m e d i a t e  and overtopped t r e e s  
r e l e a s e d  from above showed a mean diameter  
g r o w t h  r a t e  about 2.7 t imes  g r e a t e r  than t h a t  
o b s e r v e d  f o r  t h e  f ive-year  period b e f o r e  
r e l e a s e .  Expressed on a percentage b a s i s ,  
r e l e a s e  from above produced a 169 percen t  
i n c r e a s e  i n  t h e  d iameter  growth r a t e s  of lower 
crown c l a s s  t r e e s ,  and r e l e a s e  from below 
r e s u l t e d  i n  a 48 p e r c e n t  i n c r e a s e  i n  d iameter  
g r o w t h  r a t e s  of upper crown c l a s s  t r e e s .  

(Quercus spp  .) and sweetgum (Liquidambar 
s t y r a c i f l u a  L . ) )  a f t e r  an improvement c u t  i n  
H i s s i s s i p p i .  Beck (1981) repor ted  t h a t ,  f i v e  
y e a r s  a f t e r  lower crown c l a s s  trees were 
p a r t i a l l y  r e l e a s e d  by a d i m e t e r - l i m i t  c u t  on a n  
upland s i t e  i n  North Caro l ina ,  d i a m e t e r  g r o ~ h  
r a t e s  were improved by 200 percen t  f o r  oak,  223  
percen t  f o r  yellow-poplar . (L i r iodendron  
t u l i p i f e r a  L . ) ,  228 percen t  f o r  h i c k o r y  (Carya 
s p p . ) ,  and 248 percen t  f o r  red maple (Acer 
rubrum L , ) . Schles inger  (1 978) conducted a 
s t u d y  i n  sou thern  I l l i n o i s  i n  Which w h i t e  oaks 
(Quercus a l b a  L.) of a l l  crown c l a s s e s  excep t  
dominant received p a r t i a l  r e l e a s e .  He found 
t h a t  p a r t i a l  r e l e a s e  produced a 160 p e r c e n t  
i n c r e a s e  i n  d iameter  growth i n  lower crown c l a s s  
t r e e s ,  and a 60 percen t  i n c r e a s e  i n  codominant 
t r e e s .  Sch les inger '  s r e s u l t s  were v e r y  s i m i l a r  
t o  those  found f o r  sugarber ry  i n  t h i s  s t u d y .  

The r e s u l t s  obtained f o r  p a r t i a l  r e l e a s e  i n  
t h e  t rea tment  p l o t s  a l s o  compared favorab ly  w i t h  
t h o s e  obtained f o r  complete r e l e a s e  i n  t h e  
pa i red- t ree  s tudy ,  P a r t i a l  r e l e a s e  (from below) 
r e s u l t e d  i n  a d iameter  growth r a t i o  f o r  dominant 
and codominant t r e e s  of 1.48 (Table 7 ) ,  o r  83 
percen t  of t h e  d iameter  growth r a t i o  f o r  
dominants and codominants ob ta ined  th rough  
complete  r e l e a s e .  I n t e r m e d i a t e  and overtopped 
t r e e s ,  when r e l e a s e d  from above, showed a 
d iameter  growth r a t i o  of 2.69 (Table 7 ) ,  o r  6 3  
percen t  o f  t h e  diameter  growth r a t i o  o f  
completely r e l e a s e d  i n t e r m e d i a t e  and overtopped 
t r e e s .  

Table  7.--Five-year response of sugarber ry  t r e e s  sub jec ted  t o  p a r t i a l  r e l e a s e  on t h e  t rea tment  p l o t s .  

B a s a l  
Crown I n c r e a s e  Diameter Area 

Diameter Growth Height  Growth Diameter Growth i n  Taper Growth Growth 

Trea tment  Actual- Adj.- 2 /  Actual Adj. Actual  Adj. Actual  Adj. Ra t io  Ra t io  

R e l e a s e  - 1 .00 1 . 1 ~ 2 ~  2.7 2.4a 0.9 O.Oa 0.12 0.09ab 2,69a 3.10a 
above 

R e l e a s e  - 1.18 0.9% 2.8 3.2a 0.6 1 , 8 a  0.18 0.18 b 1.48 b 1.61 b 
below 

C o n t r o l  0.60 0.58 b 3.0 3.0a -0,9 -0.7a 0.03 0.04a 0.91 c 0.98 c 

L'kieans based on  a c t u a l  measurwents .  

Z'E4eans a d j u s t e d  through a n a l y s i s  of covar iance .  

2 ' ~ e a n s  n o t  followed by t h e  same l e t t e r  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  of p r o b a b i l i t y .  



R e s p n s e  of sugarber ry  t o  e i t h e r  c m p l e t e  
o r  p a r t i a l  r e l e a s e  i s  appa ren t l y  both l a r g e  and 
rap id .  Resu l t s  from the se  s t u d i e s  i n d i c a t e  t h a t  
s a t i s f a c t o r y  growth r a t e s  of sugarberry a r e  
pas s i b l e  . The development of s i l v i c u l t u r a l  
techniques designed t o  encourage growth r a t e s  
s imFlar  t o  those  obtained i n  t he se  s t u d i e s  i s  
needed. These techniques ,  coupled with a b e t t e r  
understanding of how ind iv idua l  sugarbe r r y  t r e e s  
develop long merchantable l eng th s ,  would enable  
t h e  f o r e s t  manager t o  produce mga rbe r ry  s t ands  
with s a t i s f a c t o r y  growth and qua l i t y .  
mnagement of e x i s t i n g  l a r g e  acreages  of 
sugarberry would thus  become both prac t  i c a l  and 
prof i t a b l e ,  

I .  Sugarberry t r e e s  of a l l  crown c l a s se s  
showed a s i g n i f i c a n t  imprwement i n  d i m e  t e r  
growth r a t e  when completely re leased .  However, 
t h e  g r e a t e s t  amount of i nc r ea se  i n  diameter  
growth r a t e  was observed i n  prev ious ly  
overtopped t r e e s .  

2. Sugarberry t r e e s ,  when re leased  e i t h e r  
from below o r  from above, a l s o  showed 
s i g n i f i c a n t  i nc r ea se s  i n  diameter  growth r a t e .  
Trees re leased  from above exhib i ted  a g r e a t e r  
response i n  increased d iameter  growth r a t e  than 
did t r e e s  r e l e a sed  from below. 

3. P a r t i a l  r e l e a s e ,  e i t h e r  from above o r  
from below, produced i nc r ea se s  i n  diameter  
growth r a t e s  t h a t  were 63-83 percent  of those  
obtained through complete r e l e a s e .  

4. Nei ther  complete no r  p a r t i a l  r e l e a s e  
had a s i g n i f i c a n t  e f f e c t  on he igh t  growth o r  
crown d i m e  t e r  growth, bu t  complete r e l e a s e  and 
r e l e a s e  from below did r e c u l t  i n  a s i g n i f i c a n t  
i nc r e a se  i n  b l e  t a p e r ,  
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2 1  A .  T. Sheer in ,  L. E. F i x ,  and R. T. Colfjns- 

ARSTFACT.--Investigation of a long-term t h i n n i n g  s tudy  of 
loblo?l>7 p i n e  (Pinus taecla L.) p l a ~ t a t i o n s  j n  t h e  Piedmont OF 

South Caro l ina  i n d i c a t e d  t h a t  a t  age 49  Gi ra rd  form c l a s s  was - 
g r e a t e r  i n  th inned  than  i n  unthinned p l o t s .   yea^ form c l a s s  
v a l u e s  f o r  sawlog s i z e d  stems on p l o t s  which were h e a v i l y  thinned 
were 2.7 percen tage  p o i n t s  h i g h e r  than  t h o s e  on t h e  unthinned 
c o n t r o l  p l o t s .  Board-foot volume of th inned  p l o t s  averaged 
24 p e r c e n t  g r e a t e r  than  t h a t  of unthinned p l o t s  a t  age  42, and 
th2nning p i e l d  averaged 24 cords  p e r  a c r e  from 4 low t h i n n i n g s  
begun around age 14 .  At l e a s t  8 percen t  of t h e  sawtimber volume 
d i f f e r e n c e  was due t o  t h e  i n c r e a s e  i n  Gi ra rd  f o m  c l a s s  of t h e  
th inned  t r e e s .  The i n t e r m e d i a t e  income from t h e  t h i n n i n g s  and t h e  
i n c r e a s e  i n  sewtimber volume a t  age 47 sugges t  t h a t  t h i n n i n g  i s  
d e s i r a b l e  i f  c losely-spaced s t a n d s  a r e  t o  he  c a r r i e d  p a s t  age 30. 

INTRODIJCTION 

P l o t s  f o r  monitor ing long-term response of 
l o b l o l l y  p ine  (Pinus t a e d a  L. )  t o  t h i n n i n g  were 
i n s t a l l e d  i n  p l a n t a t i o n s  e s t a b l i s h e d  i n  t h e  l a t e  
n f n e t e e r t  t h i r t i e s  on o l d - f i e l d  s i t e s  i n  upper  
South C a r o l i n a  (Goebel e t  a!. 1974) .  Although 
many o f  t h e  p l o t s  have beep l o s t  t o  c o n s t r u c t i o n  
over  t h e  y e a r s ,  t h e  remaining p l o t s  a r e  being 
majn ta i r red  on t h e  Clemson U n i v e r s i t y  Experimental 
F o r e s t ,  l o c a t e d  i n  t h e  Piedmont of South Caro l ina .  

T h e  o r i g i n a l  s t u d y  was deslgned t o  e v a l u a t e  
t h e  e f f e c t  o f  v a r i o u s  t h i n n i n g  regimes on t h e  
growth a n d  y i e l d  of l o b l o f l y  p i n e  p l a n t a t i o n s .  
The r e m a i n i n g  p l o t s  excep t  f o r  c o n t r o l s  have a l l  
been t h i n n e d ,  p r i m a r i l y  from below, 4 o r  5 t imes  
a c c o r d i n g  t o  t h e  o r i g i n a l  s t u d y  p l a n s  which spec i -  
f i e d  a r e s i d u a l  b a s a l  a r e a  ( f t 2 / a c r e )  t o  be l e f t  
on each p l o t .  I n  t h e  p rocess  of determining t h e  
b o a r d - f o o t  volumes of t h e  p l o t s  j.n r e c e n t  measure- 
ments, G i r a r d  form c l a s s  measurements were taken  
of a s a m p l e  of t r e e s  i n  each diameter  c l a s s  on t h e  
p l o t s ,  An. apparent  t r e n d  i n  t h e  d a t a  a s s o c i a t i n g  

l'I?aper p resen ted  a t  Southern S i l v i c u l t u r a l  
Research  Conference, A t l a n t a ,  Georgia ,  
November 7-8, 1984. 

' ~ s s i s t a n t  P r o f e s s o r ,  Assoc ia te  P r o f e s s o r ,  
and f o r m e r  Graduate S t u d e n t ,  r e s p e c t i v e l y ,  
Departmezlt of F o r e s t r y ,  Col lege  of F o r e s t  and 
R e c r e a t i o n  Resources,  Clemson U n i v e r s i t y ,  Clemson, 
South C a r o l i n a ,  

h i g h e r  Gi ra rd  form c l a s s  v a l u e s  w i t h  more i n t e n -  
s i v e  t h i n n i n g s  suggested t h e  c u r r e n t  r e p o r t .  

DFSCRIPTION OF STUDY 

To t e s t  t h e  hypothesis t h a t  t h i n n i n g  a f f e c t s  
t r e e  t a p e r  a s  measured by Gi ra rd  form c l a s s ,  
measurements were taken  of a t  l e a s t  twenty p e r c e n t  
of t h e  t r e e s  i n  each one-inch cllameter c l a s s  on 
t h e  p l o t s  remaining i n  t h e  Clemson long-term 
study.  Trees  t o  be  measured were climbed, and 
d iameter  i n s i d e  bark  a t  17.3 f e e t  was 8etermined 
by s u b t r a c t i n g  double bark  t h i e k ~ e s s ,  measured a t  
two ?&degree a d j a c e n t  p o i n t s  wi th  a  Swedish b a r k  
gauge, from t h e  d iameter  o u t s i d e  t h e  bark.  The 
upper  d iameter  was d iv ided  by diameter  o u t s i d e  bark  
taken  a t  b r e a s t  h e i g h t  fdbh) t o  c a l c u l a t e  t h e  
Gi ra rd  form c l a s s  v a l u e  f o r  t h e  t r e e s .  Measurements 
were made of 210 t r e e s  l o c a t e d  on 15 p l o t s  a t  
4 l o c a t i o n s .  Four unthinned c o n t r o l  p l o t s  and 
I1 p l o t s  thinned t o  v a r f o u s  l e v e l s  of i n t e n s i t y  
were inc luded ,  The form c l a s s  d a t a  were ana lyzed  
u s i n g  t h e  General  L inear  Eodefs procedure w i t h  p l o t  
r e s i d u a l  b a s a l  a r e a  (BA) a s  t rea tment  and d iameter  
a s  a  c o v a r i a b l e  t o  t e s t  t h e  r e l a t i o n s h i p  of  form 
c l a s s  t o  diameter .  P l o t  means were t e s t e d  i n d i v i -  
d u a l l y ,  combined i n t o  4 l e v e l s  of t h i n n i n g  o r  as 
th inned  o r  unthinned t rea tments .  The f i f t y - y e a r  
base  s i t e  i n d i c e s  of t h e  4 groups of s t u d y  p l o t s  
ranged from 76 t o  96 f e e t  i n d i c a t i n g  t h a t  t h e  s i t e  
q u a l i t y  of t h e  s tudy  p l o t s  is  average t o  s l i g h t l y  
above average f o r  l o b l o l l y  p i n e  i n  t h e  Piedmont. 
The age of t h e  t r e e s  when t h e  l a s t  measurements 
were made was 42 y e a r s .  



P l o t  volumes were determined by measuring t h e  
dbh of a l l  t r e e s  and o c u l a r l y  e s t i m a t i v a  merchant- 
a b l e  h e i g h t s  of sawtimber t r e e s  ldbh > 9.5 inches)  
t o  t h e  n e p r e s t  252 l o g  u s i n g  a 15 f o o t  po le  a s  
r e f e r e n c e .  S ~ w t i m b e r  t r e e  volumes were taken from 
t h e  form c l a s s  volume t a b l e s  of Xesavage and 
Gi ra rd  (1946) u s i n g  t h e  I n t e r n a t i o n a l  1/4" r u l e  
and bas ing  t r e e  form c l a s s  on t h e  average v a l u e  
determined f o r  each d iameter  c l a s s  on t h e  p l o t .  
Pulpwoo6 volumes ( t r e e s  4.6 t o  9.5 inches  dbh) 
were c a l c u l a t e d  u s i n g  diameter  and t o t a l  h e i g h t  
(determined from a h e i g h t l d i a m e t e r  r e l a t i o n s h i p  
curve)  w i t h  t h e  equa t ion  of Schumacher and C o i l e  
(1960). Per  a c r e  volumes were then  expavded from 
t h e  p l o t  v a l u e s ,  Board f o o t  volumes a r e  repor ted  
only f o r  t r e e s  > 3.5 i n c h e s  dbh. 

A t  age 4 2  t h e  c l? rs  which were t h i n . 2 4  
averaged 105 square  f e e t  of r e s idua ;  h a s a l  a r e a  pe- 
a c r e ,  11.8 i n c h e s  dbh, 114.5 board f e e t  p e r  t r e e ,  
13,800 board f e e t  and 5 .5  cords  p e r  a c r e  and a  
Gi ra rd  form c l a s s  of 79.4 f o r  t r e e s  > 9.5 inches  
dbh. The average t h i n n i n g  y i e l d  was 24.2 cords  p e r  
a c r e  from 4 low t h i n ~ r c g s  begun around age i L .  The 
unthinned p l o t s  averaged 193 square  f e e t  of h a s a l  
a r e a ,  11.0 inches  dhh,  86.0 board f e e t  per  t r e e ,  
10,710 board feet  and 27 cords  p e r  a c r e ,  and a  
Gi ra rd  form c l a s s  of 77.0 f o r  t r e e s  > 9.5 inches  
dbb. At l e a s t  8 p e r c e n t  of t h e  24 percen t  
sawtimber volume d i f f e r e n c e  between thinned and 
un th i rned  p l o t s  i s  a t t r i b u t a b l e  t o  t h e  improved 
form c l a s s  of t h e  t r e e s  on thinned p l o t s .  

DTSCUSSIOR 

The a n a l y s e s  showed t h a t  when a l l  t r e e s  
measured were inc luded ,  form c l a s s  was s i g n i f i -  
c a n t l y  r e l a t e d  t o  b a s a l  a r e a  r e s i d u a l ,  bu t  t h a t  
diameter  was a  s i g n i f i c a n t  c o v a r i a b l e .  With t h e  
e f f e c t  of diameter  removed, form c l a s s  d i f f e r e n c e s  
were n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l .  When t h e  
a n a l y s i s  was r e r u c  u s i n g  136 t r e e s  > 9.5 inches  
dbh, d iameter  was no t  a  s i g n i f i c a n t  c o v a r i a b l e  and 
form c l a s s  was s i g n i f i c a n t l y  d i f f e r e n t  on ly  
between t h e  b e s t  t h i n n i n g  t rea tment  (110 f t 2  BA) 
and t h e  p o o r e s t  ( t h e  unthinned p l o t s ) .  \&hen 
t r e a t m e n t s  were combined i n t o  Levels  of t h i n n i n g ,  
form c l a s s  was s i g n i f i c a n t l y  d i f f e r e n t  on ly  
between thinned and unthinned p l o t s  (Table 1 ) .  

Table 1 .  Volumes and Gi ra rd  Form C l a s s  Values of 
L o b l o l l y  P ine  Inf luenced  by Thinning Treatments. 

Mean Mean 
Volume Volume Thinning 

Res idua l  Mean 
per 2 /  

Yie ld  
Basal  Gi ra rd  Tree- / 

p e r  3,, Area Porm (RF- (BF- Acre- 
( f t 2 / a c )  c las&/  I n t  %") I n t  %") (cords )  

L / 6 i r a r d  form c l a s s  i s  a  measure of t a p e r  of t h e  
b u t t  l o g  of t h e  t r e e .  Values w i t h  same l e t t e r  
a d j a c e n t  a r e  n o t  d i f f e r e n t  a t  t h e  5% l e v e l .  

2 '~o lumes  a r e  f o r  t r e e s  2 1.6" dbh (sawtimber 
s i z e )  a t  age 42 y e a r s .  

H'unthinned p l o t s  averaged 27 cords  p e r  a c r e  of 
r e s i d u a l  pulpwood ( t r e e s  > 4.5 inches  dbh) ,  
thinned p l o t s  averaged 5.5 cords  p e r  a c r e ,  

The f i n d i n g s  of t h i s  s tudy  agree  wi th  those  
of o t h e r  r e s e a r c h e r s  who have documented an 
i n c r e a s e  i n  form c l a s s  v a l u e s  a s  a  r e s u l t  of 
t h i n n i n g  when t h e  comparison i s  made between 
thinned and unthinned p l o t s .  There was no a t tempt  
t o  measure changes i n  form c l a s s  over  time, and no 
a t tempt  was made t o  c l a s s i f y  t r e e s  a s  t o  crown 
p o s i t i o n ,  i . e . ,  accord ing  t o  t h e  c l a s s i c  p o s i t i o n s  
of t r e e s  i n  evenaged s t a n d s  a s  r e l a t e d  t o  
dominance, 

Many s t u d i e s  have shown t h a t  heavy th inn ing  
r e s u l t s  i n  increased  t a p e r  of r e s i d u a l  t r e e s  
(Myers 1963, Forrow 1974, Barker 1980). It  is  
important  t o  d i s t i n g u i s h  between measures o f  t r e e  
t a p e r .  Rusch (1963) and Larson (1963) d i s c u s s  t r e e  
form and t a p e r  i n  d e t a i l .  Tree t a p e r  a s  such 
cannot be  equated w i t h  Gi ra rd  form c l a s s  because 
form c l a s s  i s  a  measure of t h e  t a p e r  i n  only a  
p o r t i o n  of t h e  s tem, namely t h e  f i r s t  16-foot log ;  
n e v e r t h e l e s s ,  form c l a s s  measurements were 
o r i g i n a l l y  devised t o  e s t i m a t e  t a p e r  i n  t h e  most 
v a l u a b l e  p o r t i o n  of t h e  t r e e  and over  t h e  y e a r s  
have served wel l .  Mesavage and Gi ra rd  (1946) s t a t e  
t h a t  i n  u s i n g  t h e i r  volume t a b l e s  "one p e r c e n t  i n  
form c l a s s  approximates 3 percen t  i n  t r e e  volume." 
This  r e l a t i o n s h i p  i n d i c a t e s  t h e  importance of 
monitor ing form c l a s s  changes i n  measuring growth 
and y i e l d .  For example, an i n c r e a s e  i n  mean form 
c l a s s  from 76 t o  78 percen t  f o r  a  t y p i c a l  s t a n d  of 
l o b l o l l y  p i n e  would r e s u l t  i n  a  6-percent i n c r e a s e  
i n  t a b u l a r  board f o o t  volume. 

When Gi ra rd  form c l a s s  i s  used a s  a  measure of 
t r e e  t a p e r ,  t r e e  form a p p a r e n t l y  improves w i t h  
th inn ing .  Brlnkznan e t  a l .  (1965) found t h a t  i n  
h e a v i l y  thinned p l o t s  i n  evenaged s h o r t l e a f  p i n e  
(Pinus e c h i n a t a ,  E l i l l , )  t h e  l a r g e s t  t r e e s  had t h e  
b e s t  form, t h e  f a s t e s t  diameter  growth r a t e s ,  and 
t h e  g r e a t e s t  improvement i n  form over  t h e  y e a r s  of 
t h e  s tudy.  The improvement i n  form n e c e s s i t a t e d  an 
adjustment  i n  t h e  volume t a b l e s  used. H i l t  and 
Dale (1979) i n  a  t h i n n i n g  s tudy  of oak (Quercus 
spp.)  showed t h a t  i t  was p o s s i b l e  t o  f i n d  an 
i n c r e a s e  i n  t a p e r  a s  measured by breas t -he igh t  form 
f a c t o r  and s imul taneous ly  t o  f i n d  a  decrease  i n  
t a p e r  of t h e  same t r e e  a s  measured by Gi ra rd  form 
c l a s s .  



A n a r u l o t  e t  a l ,  (1977) a t t r i b u t e d  f i n d i n g  form 
c l a s s  dS-fferences between th inned  and unthinned 
p l o t s  to comparing d i f f e r e n t  popula t ions ,  There 
were m o c e  t r e e s  of i n t e m e d i a t e  an$ suppressed 
crown p o s i t i o n s  on t h e  c o n t r o l  p l o t s ,  t h u s ,  they  
c o n c l u d e d  t h a t  t h e s e  lower crown c l a s s  t r e e s  had 
t h e  e f f e c t  of l r w e r i n g  t h e  mean form c l a s s  of t h e  
u n t h i n n e d  p l o t s .  Comparison of j u s t  t h e  l a r g e r  
d i a m e t e c  t r e e s  from t h e i r  th inned  and unthinned 
p l o t s  showed no d i f f e r e n c e  i n  form c l a s s ,  I n  t h e  
p r e s e n t  study, t h e r e  was s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e  f o r m  c l a s s  means of th"_ved and unthinned p l o t s  
b u t  o n l y  i f  t r e e s  > 9.5 inches  dbh were inc luded  
i n  t h e  a n a l y s i s .  W h e ~  a11 t r e e s  were inc luded ,  
d iametes rwas  a  s i g n i f i c a n t  c o v a r i a b l e  and, when 
i t s  i n f a u e n c e  was removed, form c l a s s  d i f f e r e n c e s  
were no= s t a t i s t i c a l l y  s i g n i f i c a n t ,  

b?iILliston (1 967),  comparing dominant and 
codominant  l o b l o l l y  p i n e  t r e e s  on thinned v e r s u s  
u n t h i n n e d  p l o t s ,  found t h a t  £ o m  c l a s s  i n c r e a s e d ,  
over  a  30-year p e r i o d ,  by 9 percen tage  p o i n t s  on 
t h e  t h i n n e d  p l o t s  w h i l e  form c l a s s  on t h e  c o n t r o l  
p l o t s  i n c r e a s e d  by 7 percen tage  p o i n t s .  The 
r e s u l t s  of t h e  p r e s e n t  s tudy  a r e  i n  a g r e e s e n t  w i t h  
W i l l i s t o n  (1967) i n  t h a t  t h e  comparison between 
form c l a s s  means of l a r g e r  t r e e s ,  i . e . ,  over  
3.5 inc'f?es i n  dbh, showed s i g n i f i c a n t  d i f f e r e n c e  
between thinned and unthinned pl-ots.  

In t h e  p r e s e n t  s t u d y ,  t h e  p l o t s ,  except  f o r  
t h e  c o r r t r o l  p l o t s ,  were a l l  thinned from below a t  
a p p r o x i m a t e l y  5 t o  +year  i n t e r v a l s .  Th is  r e s u l t e d  
i n  t h e  p l o t s  having been th inned  4 o r  5 t imes ,  
w i t h  p r i m a r i l y  t h e  t r e e s  o f  i n t e r m e d i a t e  and 
codominant  crown c l a s s  being removed. I n t e r -  
media te  and codominant t r e e s  a r e  g e n e r a l l y  
c o n s i d e r e d  t o  be  more c y l i n d r i c a l  i n  form thar- 
dominant  t r e e s ,  r e s u l t i n g  i n  h i g h e r  form c l a s s  
v a l u e s  (Larson 1963) and s o  t h e  t h i n n i n g s  shoul-c! 
have r e s u l t e d  i n  a  r e d u c t i o n  of mean form c l a s s  
f o r  t h e  thinned p l o t s .  Such was n o t  t h e  c a s e  and 
t h e r e  w a s  no s i g n i f i c a n t  r e l a t i o n s h i p  between form 
c l a s s  a n d  d iameter  among t r e e s  > 9.5 inches  dbh. 

I t  would be d i f f i c u l t  t o  e x p l a i n  t h e  h i g h e r  
form c l a s s  v a l u e s  of t h e  th inned  p l o t s  on t h e  
b a s i s  t h a t  a  b i o l o g i c a l l y  sound type  of t h i n n i n g ,  
i . e . ,  p r i m a r i l y  from below and i n c i d e n t a l l y  
removing  poorly formed o r  d i s e a s e d  t r e e s  from any 
crown c l a s s ,  a u t o m a t i c a l l y  r e s u l t s  i n  t a k i n g  ou t  
t r e e s  w i t h  lower form c l a s s  v a l u e s ,  t h u s ,  
improving  t h e  average form c l a s s  of t h e  thinned 
p l o t s .  Ocular e s t i m a t i o n  of form c l a s s  i s  
d i f f i c u l t  t o  do excep t  w i t h i n  very  broad l i m i t s  of 
a c c u r a c y ,  and even an  experienced t imber  c r u i s e r  
would h a v e  d i f f i c u l t y  i n  s e l e c t i n g  most ly t r e e s  of 
below a v e r a g e  form c l a s s  v a l u e s  f o r  removal. 

The p r e s e n t  f i n d i n g s  could be a q u i r k  of 
t h i n n i n g  i n t e r a c t i n g  w i t h  t r e e  h e i g h t ,  depth of 
crown a t  t h e  t ime t h e  t h i n n i n g s  began, o r  d e n s i t y  
of s t a n d s  a t  o r  n e a r  t h e  c u r r e n t  age (42 y e a r s ) ,  
Many o b s e r v a t i o n s  of t h e  d iameter  growth p a t t e r n s  
of t r e e s  i n  t h e  Local a r e a  through stem a n a l y s e s  
done by s t u d e n t s  and f e l l o w  r e s e a r c h e r s  c l e a r l y  

show a v a r i a b l e  p a t t e r n  of v e r t i c a l  d i s t r i b u t i o n  
of diameter  growth such t h a t  t h e r e  i s  a  r e g i o n  of 
r a p i d  l i a m e t e r  growth t h a t  seemingly f o l l o w s  t h e  
c r o m  a s  i t  recedes  upward wi th  age and n a t u r a l  
pruning. Thus, t h e  i n f l u e n c e  of t h i n n i n g  i n  
prolonging r e t e n t i o n  of lower branches cou ld  have 
provided f o r  g r e a t e r  diameter  growth i n  t h e  
proximity of  t h e  lower crown a t  t h e  t i m e  t h i n n i n g s  
were i n i t i a t e d .  'f t h e  lower l5mi t of t h e  crown 
co inc ided  w i t h  t h e  g e n e r a l  a r e a  where the upper  
diameter  measurement i s  taken  f o r  G i r a r d ' s  form 
c l a s s  when tFe  p l o t s  were f i r s t  th inned ,  then  
t h i n n i n g  could cause a h i g h e r  form c l a s s  v ~ l u e  i n  
t h i s  manner. 

Based on t h e  r e s u l t s  and s t u d i e s  d i s c u s s e d  
h e r e ,  t h e r e  does no t  seem t o  be a  c l e a r  response  
t o  t h i n n i n g  I n  regard  t o  i t s  e f f e c t  on t h e  t a p e r  
of t r e e s  of d i f f e r e n t  crown p o s i t i o n s .  However, 
I f  conc lus ions  a r e  l i m i t e d  t o  young evenaged 
s t a n d s  of l o b l o l l p  p i n e ,  th inned  s t a r t i n g  a t  an  
e a r l y  age  and p r i m a r i l y   fro^ below, t h i s  and o t h e r  
s t u d i e s  have shorn an Increased  r a t e  o f  volume 
a c c r e t i o n  i n  t h e  f i r s t  16-foot l o g  where, f o r  many 
produc ts ,  t h e  wood is p o s t  va luab le .  T h i s  5s an 
e f f e c t  of t h i n n i n g  t h a t  i s  seldom mentioned b u t  
t h a t  is  adequa te ly  descr ibed  by Gi ra rd  Form C l a s s  
measurements, S ince  t h e  p l o t s  i n v e s t i g a t e d  i n  
t h i s  s tudy  a r e  c l o s e  t o  r o t a t i o n  age f o r  many 
management p l a n s  f o r  l o b l o l l y  p i n e ,  i t  would seem 
worthwhile t o  t a k e  a  c l o s e r  look a t  t h e  p o s s i b l e  
v a l u e  of increased  merchantable  volume r e s u l t i n g  
from form c l a s s  improvement due t o  t h i n n i n g ,  which 
h a s  no t  rece ived  as  much a t t e n t i o n  i n  t h e  p a s t  a s  
It might deserve .  

The o t h e r  b e n e f i t s  of t h i n n i n g ,  such  a s  i n t e r -  
mediate  income and, i n  thj-s c a s e ,  h i g h e r  sawtimber 
volumes a t  r o t a t i o n  end, a r e  accrued p r i m a r i l y  when 
such s t e n d s  a r e  c a r r i e d  longer  than  30 y e a r s ,  An 
e a r l i e r  s tudy  of t h e s e  same s t a n d s  by Goebel e t  a l .  
( 1 3 7 4 )  showed no economic advantage of t h i n n i n g  up 
t o  age 33 years .  The primary advantage of t h i n n i n g  
may be  gained when sawtimber is  t h e  major  o b 2 e c t i v e  
of s t a n d  management and form c l a s s  j-mprovement i s  
consfdered i n  volume de te rmina t ions .  
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/ EFFECTS OF FUSIFORM RUST ON GROWm OF PLANTED SLASH PINES- 

2 / P.Y. Burns and S.C. Hu-- 

Abstract.--Living stems in an unthinned slash pine 
plantation were classified at age 11 into three severi- 
ty-of-infection categories. Growth data to age 14 showed 
that mortality was largely rust-associated. Volume growth 
of survivors was slightly but significantly reduced by 
infection; the greater the degree of cankering the less the 
growth. 

INTRODUCTION 

Fus iform rust of southern pines is the most 
damaging disease of forest trees in the South. 
It is caused by the fungus Cronartium quercuum 
(Berk,) Miyabe ex Shirai f. sp. fusiforme 
(Blakeslee 1983). The two most widely planted 
species in the South, loblolly pine (Pinus taeda 
L.) and slash pine (g. elliottii Engelm.), are 
suscepttble. There has been a dramatic increase 
in the incidence and impact of this disease in 
the planted slash pine ecosystem since 1960 
(Dinus and Schmidt 1977), and mortality caused by 
fusiform rust is serious in some areas of the 
South. Recommended rust-management strategies 
based o n  rust hazard have been developed for 
slash pine plantations (Schmidt and Klapproth 
1982), and a yield model for unthinned slash pine 
plantations infected with fusiform rust is now 
available (Nance et al. 1983). 

Although Powers et e. (1974) and Sluder 
(1977) found that stem growth of rust-infected 
trees was reduced, others reported that fusiform 
rust does not significantly affect growth of 
slash pf-ne trees (Barber 1961, Dell and Driver 
1963, DAnus and Schmidtling 1971, Jones 1972). 
Noting the conflicting results in the literature 
Holley and Veal (1977) suggested that these 
differing, findings might at least be partially 
explained if investigators would rate severity of 
infection by measuring the percentage of the stem 
which is girdled. The objective of our current 
study was to test this suggestion by classifying 

1' Paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
7-8, 1984, 

- 2/ Professor and Associate Professor , 
respectively, School of Forestry, Wildlife, and 
Fisheries, Louisiana Agricultural Experinent 
Station, LSU Agricultural Center, Baton Rouge, 
Louisiana 70803. 

trees into severity-of-infection classes and to 
measure their growth for the ensuing three 
years. 

METHODS 

In the spring of 1970 one-year-old slash 
pineseedlings were planted at LSU's Lee Memorial 
Forest in southeastern Louisiana. The seed 
source was fast-growing high-quality trees from 
the same general area. Spacing was 9 ft x 12 ft 
(403 trees/acre). 

The plantation was located on a stream 
terrace site where a 40-year-old natural lob- 
lolly pine stand had been harvested and the site 
and been prepared. The soil type is Kalmia very 
fine sandy loam. Oaks which are highly suscep- 
tible to fusifom rust are abundant in the 
surrounding forest, and the area is in a region 
of high rus t-inf ec t ion hazard for slash pine 
plantations (Squillace 1976). 

Four 0.74-acre plots were established, and 
each plot received one of four intensive culture 
treatments, including a control. Only the two 
most intensively treated plots (A and B) were 
utilized for this report, These two plots were 
plowed before planting, fertilize4 mowed as 
needed for brush and weed control, and pruned at 
age 7 to a height of 6 ft. Plots A and B have 
been nearly identical in growth and rust in- 
fection; therefore they were combined for this 
investigation. 

Tree d.b.h, and height were measured 
annually through 14 growing seasons on the 
interior 0.424 acre of each plot (total 0.848 
acre for the combined plots). Fusiform canker- 
ing on each standing tree was tallied at ages 8% 
and 10. The relationship between rust infection 
and intensive culture on these plots at age 10 
was reported at the 1980 Southern ~ilvicultural 
Research Conference (Burns 5 &. 1981). 



At age 11, each tree was classified into one 
of three severity-of-infection categories: (1) no 
stem canker, (2) canker with less than 50 percent 
of the stem circumference affected, and (3) 
canker with 50 percent or more of the stem 
circumference affected, In addition, the presence 
or absence of limb cankers was recorded for each 
tree, The age-ll tally thus resulted in six 
canker classes. 

Student's :--test was used for statistical 
analysis of the effects of degree of cankering on 
stand parameters at age I1 and on growth from age 
I1 to age 14, 

RESULTS 

Stand Description at Age 11 

At age 11, survival was 81 percent. Stand 
characteristics as shown in table 1 were: 327 
treeslacre, average d.b.h. 6.6 inches, average 
height 41 ft, and average volume 3.6 ft3. Basal 
area was 80 ft2/acre and volume 1167 ft3/acre. 
Cumulative mortality volume was 75 ft3/acre, 85 
percent of which was rust-associated. Rust- 
associated mortality at age I1 was 9 percent, 
based on the definition by Wells and Dinus 
(1978)-- the cumulative number of trees killed by 
rust divided by the number planted less those 
dead of causes other than rust. Site index 
(average height of the dominants and codominants 
at base age 25) was high--84 ft. 

The percentage of living trees at age I1 in 
the six canker classes is presented below. 

Limb canker class 
Stem canker class None Canker Total --- 

--Percent of trees-- 
None 10 3 2 4 2 
Under 50% circumference 6 39 45 
50% or more circumference - 11 - 13 

Total 18 82 100 

Stem Canker Effects 

The geographic spread of stem infection and 
mortality was fairly uniform across the plot 
area. Bole cankers were tallied on 58 percent of 
the living trees at age 11. 

As table I shows, at age 11 there were no 
statistically significant (0.05 level) 
differences in average d,b.h,, height, and volume 
per tree between trees with no stem canker and 
those with sten cankers extending less than 
halfway around the bole, However, there were 
significant differences between trees with 50 
percent or more of the trunk affected by rust and 
the average of the other two canker classes: 
average d,b,h, was 11 percent smaller, average 
height was 10 percent lower, and average volume 
was 26 percent less for the most severely 
cankered class, 

Morrality during the three-year period from 
age I1 to age 14 (table 1) amounted to 5 percent 
of the trees, a volume loss of 2.7 percent of 
the age-11 stand volume. Of the trees which 
died, 86 percent had stem cankers at age* 11, 7 
percent apparently died of suppression, and 7 
percent died of unknown causes, Although only 2 
to 3 percent of the trees with elther no stem 
canker or a canker extending less than halfway 
around the bole died, 23 percent of the trees in 
the most severely cankered class failed to 
survive, 

No statistically significant differences 
were found among sizes of dead trees relating to 
stem-canker class. However, rust-associated 
mortality was related to tree size; cankered 
trees which died average only about half- as 
large as those which survived. 

Table 1.--Relationship of stem canker classes 
to age-11 stand characteristics and to 

mortality and survivof/growth, 
ages I1 to 14,- 

Canker Trees Ave Ave . 
class per ac. db&/ ht. 

Ave. 3/ 
v0l.- 

No. In. - - Ft. - - 
Age-11 characteristics 

None 139 6.65 a 41.4 a 3.65 a 
Under 50%- 4 /  147 6.76 a 41.1 a 3.71 a 

5 1 50% plus- 41 5.93 b 37.3 b 2.73 b - --- 
All trees 327 6.61 40.7 3.57 

Wortality, ages 11 to 14 

None 2 6.45 c 41.0 c 3.37 c 

Under 50% 5 5.58 c 37.2 c 2.19 c 

50% plus 9 4.71 c 33.4 c 1.45 c - --- 
All trees 16 5.21 35.6 1.94 

Survivor growth, ages 11 to 14 

None 137 0.80 d 9.1 d 2.06 d 

Under 50% 142 0.69e 8.5e 1.86d 

50% plus 32 0.62 e 8.0 e 1.53 e - --- 
All trees 311 0.73 8.4 1.91 

I/ Means in the same column followed by the same - 
letter are not significantly different at the 
5 percent level. 

21 Arithmetic average. - 
31 Total stem inside bark. - 
4f Less than 50% of the stem circumference - 

affected. 
51 50% or more of the stem circumference - 

affected. 

Growth of trees which survived between ages 
11 and 14 was apparently reduced slightly but 



s i g n i f i c a n t l y  (0.05 l e v e l )  by stem cankering 
( t a b l e  1). Compared t o  t r e e s  without  a stem 
canker ,  t r e e s  having a canker  ex tending  l e s s  than  
50 p e r c e n t  around t h e  b o l e  had average growth 
r e d u c t i o n s  of 5 percen t  p e r  y e a r  i n  diameter  and 
2 p e r c e n t  p e r  y e a r  i n  h e i g h t ;  annual  
volume-growth r e d u c t i o n  f o r  t h i s  canker c l a s s  was 
3 p e r c e r r t ,  s l i g h t l y  l e s s  than  t h e  amount r e q u i r e d  
f o r  s t i l t i s t i c a l  s i g n i f i c a n c e .  Trees w i t h  a 
canker  e x t e n d i n g  a t  l e a s t  halfway around t h e  stem 
s u s t a i n e d  average diameter-growth r e d u c t i o n  of 8 
p e r c e n t  per  y e a r ,  average height-growth r e d u c t i o n  
of 4 p e r c e n t  p e r  y e a r ,  and annual  volume-growth 
r e d u c t i o n  of 9 percen t .  

Limb Canker E f f e c t s  

L i d  cankers  occurred on 82 percen t  of t h e  
t r e e s  a r  age 11. Only 10 percen t  of t h e  t r e e s  
were " c l e a n ; "  t h a t  i s ,  wi th  n e i t h e r  a stem n o r  a 
limb caraker, 

Limb cankering was w e l l  d i s t r i b u t e d  through 
t h e  r a n g e  of t r e e  s i z e s ,  a l though  w i t h i n  t h e  
no-stem-canker c l a s s  t h e  average  Limb-cankered 
t r e e  w a s  4 percen t  s h o r t e r  than  t h e  average t r e e  
wi thout  limb i n f e c t i o n .  

S a a I l  brat s t a t i s t i c a l l y  s i g n i f i c a n t  growth 
r e d u c t i o n s  were a s s o c i a t e d  w i t h  limb cankers ,  
Compared t o  t r e e s  w i t h  no limb canker ,  Limb 
cankered  t r e e s  had average  annual  growth re -  
d u c t i o n s  of 8 percen t  i n  d iameter ,  5 percen t  i n  
h e i g h t ,  and 8 percen t  i n  volume. 

The  f i n d i n g s  i n  t h i s  s tudy  h e l p  e x p l a i n  t h e  
conf l i c t  i n g  r e s u l t s  i n  t h e  l i t e r a t u r e  concerning 
t h e  e f f e c t s  of f u s i f o r m  r u s t  on s l a s h  p i n e  
growth. Although t h e r e  is  apparen t ly  a growth 
r e d u c t i o n  i n  s u r v i v i n g  t r e e s  due t o  t h e  p resence  
of b o l e  cankers ,  t h e  e f f e c t  i s  s l i g h t  f o r  t r e e s  
w i t h  a modera te ly  s e v e r e  i n f e c t i o n .  However, f o r  
s e v e r e  c a n k e r i n g  (50 p e r c e n t  o r  more of t h e  stem 
c i rcumference  a f f e c t e d ) ,  t h e  growth r e d u c t i o n  i s  
more pronounced,  a l though  s t i l l  r e l a t i v e l y  small .  
Holley a n d  Veal (1977) r e p o r t e d  somewhat s i m i l a r  
r e s u l t s .  

Growth r e d u c t i o n  a s s o c i a t e d  w i t h  r u s t  
i n f e c t i o n  is by no means uniform, For example, 
some s e v e r e l y  cankered t r e e s  (26 percen t  of t h e  
s u r v i v o r s )  grew f a s t e r  i n  o u r  experiment than  t h e  
average t r e e  w i t h  no stem canker .  Thus, i n  o r d e r  
f o r  r u s t - a s s o c i a t e d  growth r e d u c t i o n  t o  be  
d e t e c t e d  i n  a p a r t i c u l a r  s tudy ,  t r e e  measurements 
need t o  be  a c c u r a t e  and p r e c i s e ,  and a l a r g e  
number o f  trees needs  t o  be  inc luded  i n  t h e  
sample so t h e  growth e s t i m a t e s  w i l l  be r e l i a b l e .  

Our f i n d i n g  t h a t  r u s t - a s s o c i a t e d  m o r t a l i t y  
was h e a v i e r  among t h e  s m a l l e r  t r e e s  i s  a p p a r e n t l y  
i n  c o n t r a d i c t i o n  t o  t h e  r e s u l t s  of a s tudy  by 
Nance &. (1981) i n  Louis iana  and ~ i s s i s s i ~ ~ i  
s l a s h  p i n e  p l a n t a t i o n s .  They r e p o r t e d  t h a t  a t  

p ropor t ion  w i t h  a stem g a l l  than  d i d  s h o r t  
t r e e s ;  however, among stem-infected t r e e s  
s u r v i v a l  was h i g h e r  f o r  l a r g e  t r e e s  t h a n  f o r  
smal l  ones,  s o  t h a t  r u s t - a s s o c i a t e d  m o r t a l i t y  
was approximately t h e  same f o r  a11  s i z e  c l a s s e s ,  

That our  d a t a  i n d i c a t e d  a r e d u c t i o n  of 8 
percen t  p e r  y e a r  i n  volume growth a s s o c i a t e d  
wi th  limb cankering i s  somewhat s u r p r i s i ~ g ,  
Cause and e f f e c t  a r e  n o t  c l e a r  here.  It is  of 
course  p o s s i b l e  t h a t  t h e  i n f e c t i o n s  caused 
lessened  growth; however, i t  i s  a l s o  p o s s i b l e  
t h a t  slow-growing t r e e s  were more prone  t o  
branch i n f e c t i o n s .  

The growth l o s s  a s s o c i a t e d  wi th  f u s i f o r m  
r u s t  i n  our  s tudy  p l o t s  is q u i t e  smal l  to -da te  
compared t o  t h e  growth g a i n  due t o  i n t e n s i v e  
s i l v i c u l t u r a l  p r a c t i c e s .  Through age  14, o u r  
i n t e n s i v e  c u l t u r e  p l o t s  A and B have produced 
n e a r l y  t h r e e  times a s  much wood p e r  a c r e  a s  our  
unthinned c o n t r o l  p l o t ,  i n  which only 16 p e r c e n t  
of t h e  stems a r e  i n f e c t e d .  At t h e  end of t h e  
r o t a t i o n ,  whether o r  n o t  t h e  growth i n c r e a s e  due 
t o  i n t e n s i v e  s i l v i c u l t u r e  w i l l  be  nega ted  by t h e  
a t t e n d a n t  m o r t a l i t y  and growth l o s s  due t o  
increased  r u s t  i n f e c t i o n  i s  s t i l l  u n c e r t a i n .  
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THIrnTING LOBLOLLY PINE PLAYTATIONS 

Terry R. Clason and Quang V. Cao 

Abstract .--Ef fects of thinning on a 29-year-old 
loblolly pine plantation are being studied. Research plots 
stocked at 100, 200, and 300 TPA since age 11 were thinned 
by reducing each stocking level to 75, 50, and 25 TPA. 
Merchantable wood yields at age 29 were 3080, 3400, and 3950 
ft3/acre for 100, 200, and 300 TPA, respectively. Prior to 
thinning, sawtimber accounted for 82, 65, and 47 percent of 
the standing volume, while post-thinning percentages were 
82, 77, and 71. Mean annual sawtimber growth increment 
between age 11 and 29 was 138, 123, and 92 ft3/acre. Five 
years after thinning the periodic annual sawtimber growth 
increment was 60, 80, and 65 ft3/acre and sawtimber percent- 
ages were 89, 84, and 82 for 100, 200, and 300 TPA. Per 
acre values for the respective treatments increased by 
$267.66, $300.66, and $248.28. 

INTRODUCTION 

Landowner management objectives determine 
the intermediate harvesting practices utilized in 
loblolly pine plantations. Wahlenberg (1960) 
noted that yield increases subsequent to thinning 
resulted from increased net merchantable volume 
harvested during a rotation rather than increased 
total wood growth. 

Research has indicated that thinning may not 
increase net merchantable yields in plantations 
with a rotation length of 25 years of less. Crow 
(1952) found no yield difference between a light 
thinning (88 ft2/acre of residual basal area) and 
an unth2nned control in 24-year old slash pine 
plantat ions in south Louisiana. Thinned natural 
1 oblolly pine stands in Louisiana produced yield 
increases by age 33 (Mann 1952). Thinning young 
loblolly pine stands in Illinois failed to 
increase yields at age 17 (Minckler and 
Dietschman, 1953). A spacing and thinning study 
in northwest Louisiana indicated that loblolly 
pine yields were maximized at denser stocking 
rates, while individual tree size was greater at 
lower rates (Sprinz et ale, 1979). 

Although maximum fiber production on a given 
site is the biological objective of short ro- 
tations, a satisfactory rate of return on invest- 
ed capital may not be achieved without thinning. 
The need to apply both biological and economic 
principles to timber management was recognized by 
Bond (1952). He stated "Net returns are max- 
imized when the growing stock is regulated and 
held to the smallest amount of timber capital 
that will produce maximum yield within the 

capacity of the site and species, With too much 
volume of growing stock the net return per acre 
may be high, but the rate of return on the large 
investment unsatisfactory. With too little 
growing stock the rate of return on the small 
investment is likely to be high but the net return 
per acre unsatisfactory." Thinning provides the 
land manager a tool that can be utilized to 
maintain timber capital at levels, which can 
maximize financial gains for either short or long 
rotations. 

Loblolly, slash, and other pine plantations 
established at relatively wide spacings and grown 
under severe thinning schedules produced high 
yields during short rotations, In Australia, 
Jolly (1950) obtained the greatest volume yield 
and net return on investment during a short 
rotation by thinning Monterey pine to 300 trees 
per acre (TPA) at age 10. Kotze (1960) recornend- 
ed that loblolly and slash pine in South Africa 
planted at a 7 ft x 7 ft spacing should be thinned 
to 500 TPA at age 11 and 300 TPA at age 16. Wood 
yields produced with this schedule were 10, and 15 
cordslacre at age 11, and 16 with 60 cordslacre 
harvested at 25 years, Sprinz et al, (5979) found 
that total merchantable yields for loblolly pine 
thinned to 300 TPA at age 11 were comparable to an 
unthinned 10 ft x 10 ft treatment and greater than 
denser stocked unthinned treatments. 

Where cultural practices are intense and site 
conditions favorable, thinned stands can produce 
higher yields than unthinned stands during a 30- 
year rotation, After age 30, thinning could 



stimulate individual tree growth and produce 
higher value products. The purpose of this study 
is to determine the growth response of thinned 
29-year-old loblolly pine stands stocked, since 
age 11, at 100, 200 and 300 TPA and how financial 
gains have been influenced since age 29 ,  

Since age 5, growth data has been collected 
from a 1obLolly pine plantation, which is cur- 
rently 34 years old, located on the Hill Farm 
Research Station near Homer, Louisiana. The 
plantation was established on an abandoned cotton 
field with soil types mainly from the Shubuta, 
Luverne, and Bowie Series, all having a fine 
sandy loam texture. Site index averaged 68 feet 
at age 25 with site quality of individual plots 
ranging from 65 to 78 feet. 

Bare-rooted seedlings, graded as 1 and 2 
using guidelines similar to Makeley's (1954) 
grading system, were planted on a 10-acre study 
area in February 1950. Seedlings were grown 
using seed collected from natural loblolly stands 
located in north Louisiana. Site preparation 
included removing existing pine and hardwood 
saplings, poisoning stumps and burning. 

Each initial stocking rate, 4x4, 6x6, 6x8, 
8x8, and 10x10-foot spacing, was established on a 
I-acre block and replicated twice. First-year 
survival rates were high but interplanting was 
done where necessary. One 10x10-foot block was 
removed from the study due to hardwood competi- 
tion and pine mortality. 

In 1955. at age 6, each block was divided 
into 4 plots. Plot size ranged from 0.16 to 0.29 
acres without buffer strips. Three cultural 
treatments were randomly assigned within each 
block: 

1. Precommercially thin to 400 TPA; 
2. Prune 400 crop TPA to 8 ft or 112 total 

height; and 
3. Precommercially thin to 400 TPA and 

prune to 8 ft or 112 total height. 

A fourth plot in each block was maintained as 
part of the original spacing study. Crop tree 
diameter and height were measured annually from 
1955 to 1960. 

Three commercial thinning treatments were 
applied at age 11 to the previously treated 
plots. Treatments included: 

1. Thin to 100 TPA and prune to 17 ft; 
2, Thin to 200 TPA and prune to 17 ft; and 
3, Thin to 300 TPA and prune to 17 ft. 

These treatments were replicated three times on 
each age 6 treatment and growth data were col- 
lected on a periodic basis from 1960 through 
1978. Pulpwood volume removed during the age I1 

thinning were 10.3, 6.7, and 5.1 cords per acre 
for 100, 200, and 300 TPA plots, respectively. 

The plantation was thinned again at age 29. 
Stocking Levels from the age 11 treatments were 
reduced to 25, 50, and 75 TPA, The nine treatment 
combinations that resulted were: 

1, 100 TPA to 25 TPA; 
2. 100 TPA to 50 TPA; 
3 ,  100 TPA to 75 TPA; 
4. 200 TPA to 25 TPA; 
5. 200 TPA to 50 TPA; 
6. 200 TPA to 75 TPA; 
7. 300 TPA to 25 TPA; 
8. 300 TPA to 50 TPA; and 
9. 300 TPA to 75 TPA. 

Each treatment combination was replicated 
three times and growth data were collected at age 
32 and 34. Total inside bark volume was computed 
with the Smalley and Bower Equation (1968), and 
merchantable volume was determined with the 
Burkhart's (1977) volume ratio method using the 
following merchantability standards: 

1. Sawtimber - from the tree butt to a 8 
inch inside bark diameter (i.b,); 

2. Chip-n-saw - from a 8 inch i.b. to a 3 
inch i.b.; and 

3. Pulpwood - from a 5 inch i.b. to a 3 
inch i.b. 

All data were analyzed with analysis of variance 
and individual means were compared orthogonally. 

RESULTS AND DISCUSSION 

Growth and Yield 

Age 11 Treatments 

The thinning treatments applied at age 29 to 
loblolly pine stocked at 100, 200 and 300 TPA had 
a nonsignificant effect at the 5% level on growth 
after 5 years. Although nonsignificant, the 
results of this study reflect on the interactive 
effect of past and present management practices on 
stand growth and value. 

Table 1 presents stand attribute data for the 
age I1 thinning treatments through age 34. 
Individual tree growth was superior on the 100 TPA 
treatments, while yield was greatest at the 300 
TPA stocking level, Following thinning at age 11, 
mean diameter and height were largest on the 100 
TPA treatments (7 inches and 36,5 ft) and basal 
area and volume largest on the 300 TPA treatments 
(56.7 ft2/acre and 580 ft3/acre), Standing tree 
data at age 29 showed the effect of the various 
stocking levels on growth since age 11. Tree 
diameter growth on the 100 TPA treatments was 40 
percent greater than the 300 TPA, averaging 7.7 
inches (Table 1). Mean merchantable volume 
growth between age 11 and 29 was 2730, 3120, and 
3370 ft3/acre for the 100, 200 and 300 TPA, 



Table 1. Stand attributes by Age I1 treatments respectively. Total merchantable volume yields 
through age 29 were 3900, 3940, and 4350 ft3/acre 
(Tables 1 and 2). 

Treat- 
men t 

Stock- Dia- Basal 
ing meter Area Height Volume 

FtZ/ ~ t ~ /  
TPA In acre Ft acre 

------------- Age 11 Residual------------- 
100 7.0 26.5 36.5 350 
193 5.9 37.4 34.6 380 
295 5.9 56.7 34.6 580 

------------------ Age 16----------------- 
100 10.3 57.2 49-0 1,040 
189 8.4 72.0 48.2 1,320 
294 7.8 98.3 48.8 1,800 

------------------Age 21----------------- 

96 12.3 79.4 60.4 1,790 
184 9.9 98.1 59.5 2,230 
290 9.0 128.5 59.6 2,900 

------------------ Age 29----------------- 
9 4 14.7 112.4 74.6 3,080 
17 2 11.9 133.0 74.4 3,400 
275 10.3 162,O 73,l 3,950 

-------------. Age 29 Residual------------- 

50 15.2 62.3 76.0 1,760 
54 12.8 48.3 76.8 1,320 
49 12.0 38.9 76.8 1,120 

------------------Age 34----------------- 

4 9 15.7 65.8 79.7 2,060 
54 13.7 55.3 81.7 1,720 
49 13.3 47.3 80.9 1,450 

Table 2. Cut volumes by Age 11 treatments 

Total Pulpwood Sawtimber 
Treatment Volume Volume Volume 

---------------- Age ll--------------- 

---------------- Age 29 --------------- 

Although the 300 TPA treatments produced 500 
ft3/acre more volume than the 100 TPA, product 
distribution at age 29 differed greatly. 
Merchantable volume distribution within the 100 
TPA was 87 percent sawtimber, 8.5 percent chip-n- 
saw, and 3.5 percent pulpwood, The 300 TPA 
breakdown was 56, 30, and 8 percent for sawtimber, 
chip-n-saw, and pulpwood, respectively, 

At age 29, the initial thinning treatments 
were thinned so that stocking averaged 50, 54, and 
49 TPA for the 100, 200, and 300 TPA. There were 
no detectable volume growth differences among age 
1 1  treatments between age 29 and 34, Periodic 
annual increment averaged 60, 80, and 64 f t3 /acre 
for 100, 200 and 300 TPA for the growing period. 
Total merchantable volume yields through age 34 
were 4,220, 4,340, and 4,700 ft3/acre (Tables 1 
and 2). The second thinning removed the smaller 
trees from the 200 and 300 TPA treatments; the 
product distribution for these treatments became 
predominantly sawtimber. Thus, sawtimber distribu- 
tion averaged 89.5, 84.5 and 82.5 percent for the 
100, 200, and 300 TPA treatments. 

Age 29 Treatments 

Table 3 depicts the characteristics for each 
thinning treatment applied at age 29. Treatment 
data prior to thinning reflect growth influences 
of the age 11 treatments. Residual stand attri- 
butes following thinning were inversely related to 
age 11 stocking levels. All attributes of the 100 
TPA treatment thinned to 25, 50, or 75 TPA were 
greater than the corresponding age 28 stocking 
levels applied to the 200, and 300 TPA treatments 
(Table 3). Harvest volumes (Table 4) were direct- 
ly related to the age 11 treatments for each age 
29 stocking level. Harvest volumes ranged from 
640 ft3/acre for the 100 TPA thinned to 75 TPA 
(Treatment 3) to 3,760 ft3/acre for 300 TPA 
thinned to 25 TPA (Treatment 7). Sawtimber 
distribution for the two volume extremes was 86 
and 56 percent, respectively, but treatment 7 
yielded 4 times more sawtimber than treatment 3 
(Table 4). 

Treatment diameter and height growth did not 
vary significantly at the 5% Level during the five 
year growth period (Table 3). Diameter growth for 
all treatments averaged 0.9 inches and ranged 
between 0.5 inches for treatment 3 and 1.3 inches 
for treatment 4. Mean height growth was 3.8 ft 
ranging between 2.6 and 4.4 ft. The highest 
mortality rate was 5.4 percent and occurred on 
treatment 3. 

There were no detectable volume growth 
differences among the age 29 thinning treatments. 
Individual mean comparisons within each age 11 x 
age 29 interaction group i.e., 100 TPA x 25, 50, 
and 75 (Treatments 1,2, and 3), 200 TPA x 25, 50, 



Table 3 .  Stand attributes by Age 29 treatments and 75 (Treatments 4, 5, and 6), and 300 TPA x 25, 
50, and 75 (Treatments 7, 8, and 91, were tested 
for growth differences at the 5% level. Growth 
within the 100 TPA group was nonsignificant 

Treat- Stock- Dia- Basal averaging 210, 290, and 210 ft3/acre for the 25, 
men t ing meter Area Height Volume 50 and 75 TPA. Siginificant growth differences 

were detected among the age 29 treatments within 
FtZ/ R3 / the 200 and 300 TPA groups (Table 3). The 75 TPA - - 

TPA In acre Ft acre treatments of both groups yielded significantly 

------------------ Age 29 ----------------- more volume than the 25 and 50 TPA treatments, 420 
and 340 ft3/acre for the 200 and 300 TPA, respect- 

------------- Age 29 Residual------- 

Table 4 .  Cut volumes by Age 29 treatments 

ively. Failure of the age 29 residual stands to 
fully utilize available growing space decreased 
the periodic annual growth increment well below 
pre-thinning age 29 increment. Growth during the 
last five years was related inversely to the age 
If treatments and directly to the age 29 
treatments. The exception was treatment 3 ,  the 
least severely thinned stand. The 5-year 
merchantable volume yield for treatment 3  was 210 
ft3/acre, while the other 75 TPA stands, 
treatments 6 and 3, yielded 425 and 342 ft3/acre, 
respectively (Table 3 ) .  In addition, the 
treatment 3 yield was the third lowest among all 
nine treatments. 

Financial Aspects of Thinning 

Biological conditions play a major role in 
determing the harvesting practices to be utilized 
in a loblolly pine plantation, The choice between 
an additional intermediate harvest and a final 
harvest should be attentuated by the financial 
requirements of the landowner. Income require- 
ments, market: conditions, taxes, and any number of 
intangible factors could influence harvesting 
methods. The stocking reduction applied at age 29 
was designed to provide a range of timber capital 
values. 

An attempt to assess the financial ramifica- 
tions of intermediate harvests on 29-year-old 
loblolly pine plantations is at best an endless 
task. The purpose of the financial data presented 
is to show that pine plantations can be more than 
a source of fiber to service the needs of a mill, 
They are, to many nonindustrial landowners, an 
investment just as gold or silver. Pine 

Total Pulpwood Sawtimber plantations are unique because they can be 
Treatment Vo lume Volume Vo lume nurtured to optimum financial maturity with 

judicious thinnings that produce intermediate 
Ft" /Acre income, 

---------------- Age 29--------------- Tables 5 to 8 present standing and cut 
volumes and values for the age 11 and age 29 
treatments. Product volumes at all age classes 
were computed from cubic-foot volumes in Tables 1 
to 4 by using conversion factors published by 
Williams and Hopkins (1968). Product value 
determinations for northwest Louisiana were made 
as follows: 

1. Pulpwood 1960: $4.50/cord 
Source: Actual stumpage paid during the 

age 11 thinning; 



Table 5. Standing product volumes and values by 
Age 11 treatments 

Table 6. Cut product volumes and values by Age 11 
treatments. 

Treat- Pulpwood Sawt imber 
men t Volume t7alue Volume Value 

Bd*Ft. 
cords dollars /acre dollars 
/acre /acre Doyle /acre 

----------------- Age 11------------------ 

----------------- Age 29------------------ 

----------------- Age 34------------------ 

2. Pulpwood 1978: $8,lO/cord and 
Sawtimber: $168,00/MBF Doyle 
Source: Louisiana Forest Products, 

Quarterly Market Report No. 3, 
Nov. 30, 1978; 

3. Pulpwood 1983: $17.08/cord and 
Sawtimber: $171.40/~~~ Doyle 
Source: Louisiana Forest Products, 

Quarterly Market Report 2nd 
Quarter, Aug. 1983. 

Age 11 Treatments 

Tables 5 and 6 depict the standing and cut 
product and value data related to the age 11 
treatments. Standing product volumes and values 
differed by treatment (Table 5). Residual 
pulpwood volumes and were similar, while saw- 
timber data showed that the 100 TPA volume and 
value were twice the 200 and 300 TPA treatments. 
Thinnlng income from the 300 TPA at age 29 
exceeded the 100 TPA by $172.00 and the 200 TPA 
by $110.00. Most of the value difference was due 
to the large pulpwood volume removed from the 300 
TPA (Table 6). Stand value at age 29 totaled 
$1,928.15, $1,563,90, and $1,540.17/acre for 100, 
200, and 300 TPA treatments, resulting in an 
average annual return of $67.86, $53.92, and 
$53.10, respectively. 

There was no detectable product volume 
increase among treatments between age 29 and 34. 
Individual tree size had no apparent influence on 
per acre sawtimber growth. Table 5 shows that 
sawtimber growth averaged 1,200, 1,400 and 1,100 

Treat- PulpQood Sawt imber 
ntent Volume Value Volume Value 

Bd.Ft. 
cords dollars /acre dollars 
/acre /acre Doyle /acre 

------------------- Age 11 ------------------ 

------------------- Age 29------------------ 

1,100 bd.ft./acre for 100, 200, and 300 TPA 
treatments. Value increases, which reflect growth 
and stumpage price, for the respective treatments 
were $276.66, $300.27, and $246.28. The average 
annual increase was $55.33, $60.05, and $49.26 per 
acre for 100, 200, and 300 TPA, while the annual 
rate of return on the residual timber capital was 
4.9, 8.9, and 9.0 percent. 

Age 29 Treatments 

Standing product volumes and values prior to 
thinning for each age 29 treatments were related 
to age 11 treatments. Pulpwood volumes and values 
were related directly and sawtimber inversely. 
Through age 29 the average annual value increase 
ranged from $37.59 to $72.90 (Table 7 and 8). 
Although site quality had an effect on some 
individual treatment results, the residual stand 
volumes and values of the 100 TPA treatment plots 
thinned to 25, 50, or 75 TPA were greater than the 
similar stocking rates at 200 or 300 TPA (Table 
7). Type and volume of product varied in relation 
to the age 11 treatment (Table 8). Except for the 
75 TPA stocking level, values removed to obtain 
the prescribed age 29 stocking levels were 
comparable. 

Stand data at age 34 (Table 7) show that 
highest volume and value yields occurred on 
treatments 2, 6, and 9.  Value increase on these 
treatments totaled $288.87, $380.33, and $292.58 
for 2, 6, and 9, The respective annual rates of 
return on the residual timber capital were 5.8, 
7.3, and 6.7 percent. Treatments 4, 5, and 8, 
which had age 29 timber capital values of 
$375.84, $638.25, and $355.62, produced the 
optimum rates of return 9.8, 8.3, and 10.9 
percent. 



Table 7, Standing product volumes and values by 
Age 29 treatnents, 

Table 8, Cut product volumes and values by Age 29 
treatments, 

Treat- Pulpwood Sawtimber 
men t Volume Value Volume Value 

Bd,Ft. 
cords dollars /acre dollars 
/acre /acre Doyle /acre 

------------------- Age 29------------------ 

CONCLUSIONS 

Biological and economic criteria can be 
utilized to determine harvest methods for 29- 
year-old loblolly pine plantations growing at 
different stocking levels. In this study, 
optimum merchantable growth and net value were 
obtained where: 

1. Residual stand average diameter ex- 
ceeded 12,6 inches; 

2, Residual stand basal area ranged 
between 60 and 70 ft2/acre; 

3, Residual stand merchantable volume 
ranged between 1,600 and 2,100 
f t /acre ; and 

4. Residual stand value ranged between 
$875.00 and $1,04O/acre. 
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EFFECTS OF DIFFERENT T E I N P I I U G  REGIMES i3N 
GROMTH AND IhTEXTORY OF 50-YEAR-OTD 

LOBLCLLY-SHORTLEAF PIKE STARDS~J 

Paul A. ~ u r ~ h & /  
ar,d 

Robert M. P a r r a r ,  ~ r . /  

Abstract.--A study was begun i n  1949 t o  determine t he  
e f f e c t  of  d i f f e r e n t  t h i n n i n g  r e g i m e s  on t h e  g r o w t h  and 
d e v e l o ~ m e n t  of n a t u r a l ,  even-aged l o b l o l l y - s h o r t  l e a f  p i n e  
(p inus- taeda  L.--& echina ta  ~ i 1 1 . )  s t ands  i n  t he  West Gulf 
C o a s t a l  P l a i n .  When t h e s e  s t a n d s  were  50 y e a r s  o l d  ( i n  
1979) .  t h e  g r o w t h  f rom a g e s  45 t o  50 a n d t h e  s t a n d i n g  
i nven to r i e s  a t  age 50 were measured and analyzed. Greater  
b a s a l  a r e a  g r o w t h  t e n d e d  t o  be a s s o c i a t e d  w i t h  h i g h e r  
i n i t i a l  d e n s i t i e s ,  and volume growth was l e s s  f o r  the  more 
r a d i c a l  t reatments-- thinning from below t o  70 square f e e t  
of l e s s  o r  ba sa l  area. Standing volumes a t  age 50 va r i ed  
by treatment--but  were l e s s  f o r  thin-from-above p l o t s  when 
compared t o  th in- f rom-below p l o t s  o f  t h e  t r e a t m e n t  t h a t  
a l l o w e d  f o r  a n  i n c r e a s e  i n  r e s i d u a l  b a s a l  a r e a  wi%h e a c h  
th inn ing .  

INTRODUCTION 

Beginning i n  t he  197O1s, the  development of 
wel l - s tocked ,  n a t u r a l ,  second-growth pine s t ands  
i n  t h e  West Gulf r e g i o n  was encou raged  by o r -  
g a n i z e d  f i r e  p ro t ec t i on ,  t h e  adoption of c u t t i n g  
p r a c t i c e s  t h a t  p r o v i d e d  f o r  l e a v i n g  a  s e e d  
source ,  and improved low-grade hardwood con t ro l  
t e c hn iques .  With an i nc r ea s ing  i n t e r e s t  i n  man- 
a g i n g  t h e s e  young, we1 1 - s t ocked  s t a n d s ,  a  s t u d y  
was e s t a b l i s h e d  dur ing  1949 i n  south  Arkansas and 
n o r t h  Lou i s i ana  t o  i n v e s t i g a t e  t he  e f f e c t  of type 
and i n t e n s i t y  of th inn ing  on t he  growth and y i e l d  
of  y o u n g ,  even-aged l o b l o l l y - s h o r t l e a f  p i n e  
(p inus  taeda  L.--& e ch ina t a   ill.) stands.  This  
paper r e p o r t s  on t h a t  s tudy,  concent ra t ing  on t he  
l a s t  remeasurement ,  when t he  s t ands  were 50 yea r s  
o ld .  

- ! . /paper  p r e s e n t e d  a t  S o u t h e r n  S i l v i c u l t u r a l  
Re sea r ch  Conference, A t l a n t a ,  Geo rg i a ,  Novelnher 
7-89 "1984. 

' / p r i n c i p a l  M e n s u r a t i o n i s t s ,  F o r e s t r y  Sciences 
Labora tory ,  Monticel lo,  AR, Southern Fores t  Ex- 
p e r i m e n t  S t a t i o n ,  USDA F o r e s t  S e r v i c e ,  i n  
c o o p e r a t i o n  w i t h  t h e  D e p a r t m e n t  o f  F o r e s t  
R e s o u r c e s  and Arkansas  A g r i c u l t u r a l  Experiment 

STUDY DESCRIPTION 

The pu rpose  of  t h e  s t u d y  was t o  d e t e r m i n e  
how well-stocked, n a t u r a l  l ob lo l l y - sho r t l e a f  p ine  
s t ands  grow and develop when c u t  under d i f f e r e n t  
t h i n n i n g  r e g i m e s ,  some w i t h  changes  a t  ? -year  
i n t e r v a l s .  The t r e a tmen t s  a r e  based on t he  s t and  
b a s a l  a r e a  of  l o b l o l l y  and s h o r t l e a f  p i n e s  3.6 
i n c h e s  d,b.h. and l a r g e r .  The t h i n n i n g  t r e a t -  
ments a r e  descr ibed  i n  t a b l e  1, 

When t h e  s t u d y  was o r i g i n a l l y  d e s i g n e d  i n  
1949, n ine  t r e a t e n t s  were t o  be e s t a b l i s h e d  w i th  
t h r e e  r e p l i c a t i o n s .  I n s t a l l a t i o n  was t o  be on 
good s i t e s ,  wi th  a nominal s i t e  index range from 
85  t o  90 f e e t  ( l o b l o l l y  p i n e ,  ba se  a g e  50). A 
dup l i c a t e  i n s t a l l a t i o n  was t o  be done on medium 
s i t e s ,  w i th  a  nominal s i t e  index range from 75 t o  
80  f e e t .  No s p e c i f i c  e x p e r i m e n t a l  d e s i g n  was 
men t ioned  i n  e a r l y  s t u d y  r e p o r t s ,  I t  c o u l d  be 
i n t e r p r e t e d  a s  a  two-factor  design,  w i th  s i t e  and 
th inn ing  regime a s  t he  va r i ab l e s ,  o r  a s  two com- 
p l e t e l y  randomized des igns  t o  be analyzed separ -  
a t e l y .  Three  s u p p l e m e n t a l  t r e a t m e n t s  w e r e  
i n s t a l l e d  5 y e a r s  a f t e r  t h e  i n i t i a l  s t u d y  was 
begun. These a d d i t i o n a l  p l o t s  were s e t  up on 
good s i t e s  and were a l s o  r e p l i c a t e d  t h r e e  t imes.  
Tab l e  I  l i s t s  a l l  1 2  t h i n n i n g  t r e a t m e n t s .  A l l  
t h e  s i t e  i n d e x  v a l u e s  a r e  f o r  l o b l o l l y  p i n e  a t  
b a s e  a g e  50 (u.s. Depar tment  of  A g r i c u l t u r e ,  
Fo re s t  Serv ice  1976). 

S t a t i o n ,  Univers i ty  of Arkansas a t  Monticelio. 



Table 1  ,--Description of t h inn ing  t r e a tmen t s ;  a l l  
th inn ing  done a t  ?-year i n t e r v a l s  

5!5-B 
70-A 
7- 
85-A 
f3-B 
IfXZA 
1 B E  
115E 
'l30-B 

A 
mIGE3 
J-J 

1 1 ~  = th inned  from above 
B = th inned  from below 

q ~ h e  i n i t i a l  r e s i d u a l  b a s a l  a r e a  a t  age  20 was 
70 s q u a r e  f e e t  p e r  a c r e ;  i t  was i n c r e a s e d  5 
s q u a r e  f e e t  p e r  a c r e  a t  e a c h  t h i n n i n g  u n t i l  t h e  
r e s i d u a l  b a s a l  a r e a  r e a c h e d  105  s q u a r e  f e e t  p e r  
acre .  

Z1~hinning  t r e a tmen t  determined every 5 yea r s  by 
c o l  l e c t i v e  judgment of f i e l d  personnel. 

~ / w i o s t l y  th inn ing  from below wi th  some t h inn ing  
C r ~ ~  above. 

The g o o d - s i t e  p l o t s  were l o c a t e d  i n  Ashley  
County,  Arkansas ,  t h e  med ium-s i t e s  p l o t s ,  i n  
Morehouse Par i sh ,  Lou i s i ana .  The Ashley  County 
p l o t s  were loca ted  on nea r l y  l e v e l  uplands, where 
t h e  s i t e  i n d e x  a v e r a g e d  90  f e e t .  The L o u i s i a n a  
p l o t s  were on broad, low i s l a n d l i k e  r i dges  i n  t h e  
Ouachita River f l oodp l a in ,  where t he  s i t e  index 
a v e r a g e d  73 f e e t .  I n s t a l l a t i o n  was done i n  t h e  
win te r  of  1949-50. The supplemental t r e a tmen t s  
were  s e t  up on p l o t s  i n  25-year -o ld  s t a n d s  on 
good s i t e s  loca ted  i n  Ashley County, w i th  a s i t e  
index t h a t  averaged 93 f e e t .  Hone were i n s t a l l e d  
on medium s i t e s ,  

The p l o t s  were c i r c u l a r ,  0.1 a c r e  i n  s i z e ,  
and surrounded by 33-foot i s o l a t i o n  s t r i p s .  A l l  
t h e  Arkansas p l o t s  were i n s t a l l e d  i n  s t ands  t h a t  
had seeded-in a f t e r  a  12-inch d iameter - l imi t  c u t  
of t he  v i r g i n  t imber  conducted from 1927 t o  1970. 
The L o u i s i a n a  p l o t s  were i n  s t a n d s  Ghat o r i g -  
i n a t e d  f rom a  1929  s e e d  c r o p ;  w i l d f i r e s  had 
r a va ge d  t h e  a r e a  f o r  10  y e a r s  a f t e r  t h e  v i r g i n  
t i m b e r  had been c u t  t o  a 14 - inch  d i a m e t e r  l i m i t  
i n  about  1918, Both a r e a s  were wel l  stocked and 
h a d  n o t  b e e n  c u t  s i n c e  t h e  v i r g i n  t i m b e r  
harvests .  Old r e s i d u a l  p ine s  and hardwoods were 
a v o i d e d  when t h e  p l o t s  were  i n s t a l l e d .  Bu r ton  
(1998) p r e sen t s  f u r t h e r  d e t a i l s  on the  stands. 

Thinning f  ron  below favored dominants whi le  
removing  compe t ing  t r e e s  i n  t h e  l ower  crown 
c l a s s e s  ; occas iona l ly ,  rough dominants were ou t  
and codominan t s  l e f t  i n s t e a d .  Thinning  f rom 
above f a v o r e d  codominan t s  and occasional  i n t e r -  
m e d i a t e s  by removing  doni ican ts .  The j u d g ~ e n t  
t r e a t m e n t  (J-J, t a b l e  2 )  was mostly from b e l a w ,  
bu t  occa s ioca l l y  f rom above. Other t h ings  being 
equal, lobLoLly was favored by removing s h o r t l e a f  
p ine .  F i f t e e n  c r o p  t r e e s  were s e l e c t e d  on e a c h  
plot-- these t r e e s  were chosen t o  become sawtimber 
and a r e  c u t  i n  t h e  l a t t e r  s t a g e s  of  a r o t a t i o n ,  
On thin-from-below p l o t s ,  dominants were s e l e c  t e d  
f o r  c r o p  t r e e s ;  on th in- f rom-above  p l o t s ,  codo- 
rninants were u sua l l y  chosen. Thinning was done 
t o  promote  t h e  g r o w t h  of  t h e  c r o p  t r e e s  w h i l e  
maintaining r e l a t i v e l y  uniform spacing. 

A l l  ha rdwoods  3.6 i n e h e s  d.b.h. and l a r g e r  
were c u t  when t h e  s t u d y  was E n s t a l l e d ;  s m a l l e r  
ones  were k i l l e d  w i t h  c h e m i c a l s .  I n  1959,  70 
y e a r s  l a t e r ,  a l l  hardwoods w i t h  a g r o u n d l i n e  
d iameter  of 1.0 inches  and l a r g e r  were i n j ec t ed .  
Subsequent hardwood t r e a tmen t s  cons is ted  of cu t -  
t i n g  any  hardwoods  w i t h  a  1 - i nch  g r o u n d l i n e  
d iameter  o r  l a r g e r  during each thinning. 

A v i o l e n t  w inds to rm  i n  1970 d e s t r o y e d  one 
p l o t  i n  t h e  85-B t r e a t m e n t  on t h e  g o o d - s i t e  
l oca t i on .  

ANALYSIS 

A c o m p r e h e n s i v e  a n a l y s i s  o f  t h e  s t u d y  
t h r o u g h  age  45 was done by Bur ton  (1980). The 
p r e s e n t  a n a l y s i s  c o n c e n t r a t e s  on t h e  p e r i o d i c  
annual growth i n  ba sa l  a r ea  and volume from ages  
45 t o  50 and t he  s tanding  inventory a t  age 50. 

The same merchantab i l i ty  s tandards  used by 
Bur ton  (1980) a r e  f o l l o w e d  i n  t h i s  a n a l y s i s .  
Basa l  a r e a  i s  i n  t e r m s  of  s q u a r e  f e e t  p e r  a c r e  
f o r  l o b l o l l y  and s h o r t l e a f  p i n e s  3.0 i n c h e s  
d.b.h. and l a r g e r .  M e r c h a n t a b l e  c u b i c - f o o t  
volume p e r  a c r e  i s  t h e  s o l i d  wood c o n t e n t  o f  
l o b l o l l y  and s h o r t l e a f  p i n e  t r e e s  3.6 i n e h e s  
d.b.h, and l a r g e r  from a I-foot  stump t o  a 3-inch 
merchantable top,  i n s i d e  bark. Sawtimber cubic-  
f o o t  v o l u m e  i s  t h e  v o l u m e  o f  l o b l o l l y  a n d  
sho r t l e a f  p ine  t r e e s  9.6 inches  d.b.h. and l a r g e r  
f r om a ? - f o o t  s t ump  t o  an  8 - i nch  t o p ,  o u t s i d e  
bark, provided t h a t  t he  merchantable log  l eng th  
i s  a t  l e a s t  16 f e e t .  Merchan t ab l e  l e n g t h  i s  t o  
t h e  n e a r e s t  2 f e e t .  M e r c h a n t a b i l i t y  s t a n d a r d s  
f o r  b o a r d - f o o t  vo lumes  ( ~ o y l e ,  S c r i b n e r ,  and  
I n t e r n a t i o n a l  1/4-inch r u l e s )  a r e  t he  same a s  f o r  
sawtimber cubic-foot  volume. 

T h e , p r e v i o u s  a n a l y s i s  ( ~ u r t o n  1980) c a l -  
c u l a t e d  vo lumes  f rom published t a b l e s  ( ~ e s a v a g e  
and G i r a r d  7946, Mesavage 1947). The p r e s e n t  
paper uses  t a p e r  equa t ions  (F'arrar and Murphy, i n  
p r e p a r a t i o n )  t o  c a l c u l a t e  volumes.  The re f  o r e ,  
t h e  r e s u l t s  a r e  n o t  compa rab l e  i n  t h e  s t r i c t e s t  
sense, The s tand  v a r i a b l e s  s tud ied  were pe r i od i c  
annual growth o r  production,  from ages 45 t o  50, 
and s t a n d i n g  i n v e n t o r i e s  a t  age 50. P e r i o d i c  
a n n u a l  g r o w t h  o r  p r o d u c t i o n  i s  t h e  d i f f e r e n c e  



b e t w e e n  t h e  b e f o r e - c u t  i n v e n t o r y  a t  age 50 and 
t h e  a f t e r - c u t  i n v e n t o r y  a t  age  45, l e s s  any 
i n t e r i m  m o r t a l i t y ,  d i v i d e d  by 5  yea r s .  The 
s t a n d i n g  i n v e n t o r y  r e f e r s  t o  t h e  b e f o r e - c u t  
v ~ l u r n e  o r  b a s a l  a r e a  a t  age  50. Growth and  
s l a n d i n g  inventory i n  t e rms  of merchantable ba sa l  
area, sawtimber basal a r ea ,  merchantable cubic- 
f o o t  vo lume ,  s a w t i m b e r  c u b i c - f o o t  vo lume,  s n d  
b o s r d - f o o t  vo lumes  Ecs  t h e  Goyle,  S c r i b n e r ,  and 
I n t e r n a t i o n a l  ? / 4 - i n c h  l o g  r u l e s  w e r e  a l l  
a na lyzed .  

The  d a t a  c o u l d  have been  a n a l y z e d  i n  two  
d i f f e r e n t  ways. One would have been  t o  a n a l y z e  
t h e  r ema in ing  53 o r i g i n a l  p l o t s  and t he  9 supple- 
m e n t a l  p l o t s  i n  t h r e e  d i f f e r e n t  ana lyses  a s  done 
by B u r t o n  (1980) ,  t h e  o t h e r ,  t o  a n a l y z e  t h e  
combined da ta  a s  a completely randomized design 
i n  an ana ly s i s  of covariance us ing  s i t e  index a s  
t h e  c o v a r i a t e .  S i n c e  a n a l y s i s  o f  t h e  combined 
d a t a  was of  pa r amoun t  i n t e r e s t ,  a n a l y s i s  of  
c ova r i ance  was used. 

A d i r e c t  e s t i m a t e  of  s i t e  i n d e x  was a v a i l -  
a b l e  f o r  t h e  p l o t s  once t h e y  a t t a i n e d  50 y e a r s ,  
t h e  s t a n d a r d  i n d e x  age  f o r  n a t u r a l ,  even-aged 
s o u t h e r n  p i n e  s t a n d s .  Using a v e r a g e  h e i g h t  of 
t he  dominants  and codominants a t  age 50 was com- 
p l i c a t e d  by some of t h e  th inn ing  t r e a tmen t s  t h a t  
i n v o l v e d  t h i n n i n g  f rom above f o r  t h e  f i r s t  two  
i n t e r m e d i a t e  cuts .  However, t he  th inn ings  from 
subsequent  c u t s  were always from below, and the  
p o s s i b l e  b i a s  from the se  e a r l y  th inn ings  may no t  
be s i g n i f i c a n t .  To determine whether o r  no t  any 
b i a s  w a s  p r e s e n t ,  t h e  s i t e  i n d e x  d e t e r m i n e d  a t  
age 20 before t r e a tmen t  was sub t r ac t ed  from t h e  
a v e r a g e  he ight  of t h e  dominants and codominants 
a t  age 50. I f  a  b i a s  i s  p r e s e n t ,  it s h o u l d  
m a n i f e s t  i t s e l f  i n  l a r g e r  d i f f e r e n c e s  f o r  t h e  
thin-f  rom-above p l o t s  versus  t he  thin-f  rom-below 
p l o t s .  An a n a l y s i s  o f  v a r i a n c e  was per formed.  
Although a  2-foot d i f f e r ence  occurred between t he  
two t y p e s  of th inn ing ,  it was n o t  s i g n i f i c a n t  a t  
t h e  5 - p e r c e n t  l e v e l ,  and  t h e  h e i g h t s  a t  age  50 
were u s e d  a s  the  covar ia te .  

More d e t a i l e d  mu l t i p l e  eomparisons were made 
u s i n g  S c h e f f e t s  p r o c e d u r e  ( ~ u i t e m a  1980) when 
o v e r a l l  d i f f e r ences  were de t ec t ed  a t  the  5-per- 
c e n t  l e v e l  of  s i g n i f i c a n c e .  A compa r i son  of 
t h i n n i n g  f rom above v e r s u s  t h i n n i n g  f rom be low 
was made  by c o n t r a s t i n g  t r e a t m e n t s  70-A, 85-A, 
700-8, and INC-A w i th  t r e a tmen t s  70-i3, 85-B, 100- 
B, a n d  INC-B. A n a l y s i s  of  t h e  th in- f rom-below 
and j u d g m e n t  t r e a t m e n t s  were made by comparing 
t h e  50-t, 70-B, 85-£3, 700-£3, 115-E, 730-E, INC-E, 
and J-3 t rea tments .  These comparisons were made 
only for the  thin-from-below and judgment p lo t s :  
thin-from-above is no t  t ne  usua l  p r a c t i c e  and was 
n o t  c o m p a r e d ,  Compar i sons  were made u s i n g  t h e  
a d j u s k e d  o r  l e a s t - s q u a r e s  means, a l s o  a t  t h e  15- 
percen-t. s i gn i f i c ance  leve l .  

RESULTS 

Basal Area Growth 

There were s i g n i f i c a n t  d i f f e r e n c e s  i n  t r e a t -  
ments  f o r  m e r c h a n t a b l e  b a s a l  a r e a  g rowth .  The 
cova r i a t e  s i t e  index was a l s o  s i g n i f i c a n t  wi th  a 
nega t ive  c o e f f i c i e n t ,  probably due t o  suppress ion  
m o r t a l i t y  on h i g h  s i t e  i n d e x  p l o t s .  No d i f f e r -  
ences were de tec ted  when comparing t h i n n i n g  from 
above t o  . th inn ing  from below. 

Growth f rom t h e  t h i n n i n g  f rom be low  and 
judgment t r e a tmen t s  ranged from 2.4 square  f e e t  
p e r  a c r e  p e r  y e a r  f o r  t h e  70-B t r e a t m e n t  t o  3.5 
s q u a r e  f e e t  f o r  t h e  130-b t r e a t m e n t  ( t a b l e  2). 
The c o m p a r i s o n s  f o r  t h e  t h in - f rom-be low  and 
judgment p l o t s  a r e  shown i n  t a b l e  2. The r eade r  
s h o u l d  remember t h a t  t h e s e  c o m p a r i s o n s  i n  t h e  
t a b l e  do no t  involve the  thin-from-above t r e a t -  
ments and t h a t  t he  growth f i g u r e s  a r e  ad ju s t ed  by 
t h e  c o v a r i a t e .  I n  g e n e r a l  t e r m s ,  m e r c h a n t a b l e  
ba sa l  a r e a  growth i nc r ea se s  wi th  i nc r ea s ing  ba sa l  
a r e a  w i t h  some e x c e p t i o n s .  A s i g n i f i c a n t  d i f -  
fe rence  was no t  de tec ted  f o r  sawtimber b a s a l  a r e a  
growth. 

Cubic Volume Growth 

Merchantable cubic-foot  volume growth va r i ed  
s i g n i f i c a n t l y  among t rea tments .  A comparison of 
t h i n n i n g  f rom above v e r s u s  t h i n n i n g  f rom be low 
f o r  t h e  70 ,  8 5 ,  100,  and i n c r e a s i n g  b a s a l  a r e a  
t r e a t m e n t s  i n d i c a t e d  a  s i g n i f i c a n t  d i f f e r e n c e ,  
Growth was l e s s  on t h e  t r e a t m e n t s  t h i n n e d  f rom 
below. T h i s  c o n t r a s t  was s i g n i f i c a n t  o n l y  f o r  
m e r c h a n t a b l e  cub i c - foo t  volume growth. Compar- 
i sons  f o r  merchantable cubic-foot volume growth 
f o r  judgment and thin-from-belo w t r e a t m e n t s  a r e  
g i v e n  i n  t a b l e  2 unde r  t h e  column l a b e l e d  MCF. 
I n  g e n e r a l ,  t h e  h e a v i l y  t h i n n e d  p l o t s  p roduced  
l e s s  growth f o r  the  period. No c lear -cu t  t r ends  
B, 100-B, 115-B, 130-B, and INC-B t r e a t m e n t s  a l l  
have h i g h e r  g r o w t h  r a t e s  t h a n  t h e  55-E and  70-B 
ones  ( t a b l e  3 ) .  

Sawtimber cubic-foot  volume growth d i f f e r -  
e n c e s  were  a l s o  s i g n i f i c a n t .  The c o n t r a s t  o f  
t h i n n i n g  f rom above v e r s u s  t h i n n i n g  f rom be low 
revea led  no s i g n i f i c a n t  d i f fe rences .  Comparisons 
of  t h e  th in- f rom-below and t h e  judgment  % r e a t -  
ments a r e  shown i n  t a b l e  3, column SCF. The most 
heavi ly  thinned p l o t s  produced l e s s  growth than 
t h e  more l i g h t l y  t h i n n e d  ones  f o r  t h e s e  t r e a t -  
ments. 

Board-Foot Volune Growth 

Board- foot  volume g rowth  measured  by t h e  
Soy l e  r u l e  d i d  n o t  v a r y  s i g n i f i c a n t l y  among t h e  
t rea tments .  Doyle growth averaged 735 board f e e t  
per  a c r e  per  year ,  based on ad jus ted  means ( t a b l e  
3) 



T a b le  2.--Adjusted means f o r  p e r i o d i c  anr-3;- 
basa l  a r e e  growth per  a c r e  f o r  lob lo l ly-shor t lea ;  
pine p l o t s ,  age 45 t o  50, by t r e a tmen t  

Treatments Merchantable Sawtimber 
ba sa l  are&/ ba sa l  a r ea  

55-13 
70-A 
70-B 
85-A 
85-B 
7 GO-A 
700-B 
I I 5-13 
130-I3 
INC-A 
INC-B 
J-J 

B o a r d - f  o o t  g r o w t h  a s  m e a s u r e d  b y  
s c r i b n e r  r u l e  was s i g n i f i c a n t  f o r  t h e  p e r -  :c 
Gompsrisons f o r  the  thin-from-below and judgment 
z r e a t m e n t s  a r e  i n  t a b l e  3 unde r  t h e  column 
l a b e l e d  EFS. Ad jus t ed  p e r i o d i c  g rowth  r anged  
from 617 h a r d  f e e t  f o r  t he  55-B t rea tment  t o  954 
boar& f e e t  f o r  t h e  IMC-E t r e a t ~ e n t  [ t a b l e  3, 
c o i u z n  EFS) f o r  t h e s e  compa r i sons ;  b o a r d - f o o t  
growth was lowes t  f c r  t h e  heavi ly  thinned p lo t s .  
Ko s i g n i f i c a n t  d i f f e r e n c e  was d e t e c t e d  f o r  ~ L L  

csve versus  below th inn ing  eont res t .  

The r e s a l t s  f o r  the I n t e r n a t i o n a l  ? /4- - r  
- , l e  were somebshar, s i m i l a r  t o  those f o r  s a w t i  :-c 
cubic-foot  and Scr ibner  board-foot growth. Te:c,~s 
was an o v e r a l l  s i gn i f i c ance  , and comparisons r ;r 
the  thinning-from-below and judgment t r e a tmen t s  
a r e  g i v e n  i n  t a b l e  3 unde r  t h e  co lumn l a b e l e d  
BFI. Growth ranged from 673 t o  1,102 board f e e t  
on a n  a d j u s t e d  b a s i s  f o r  t h e  l o w e s t  and h i g h e s t  
t r e a t m e n t s  ( t a b l e  3 ) .  No d i f f e r e n c e s  w e r e  
d e t e c t e d  f o r  th in- f rom-above  ve r su s  thin-from- 
below. 

L1~d jus t ed  t r e a tmen t  means fol lowed by t he  sane  
l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5- 
p e r c e n t  l eve l .  

Standing inventory 

An a n a l y s i s  of covariance was a l s o  performed 
f o r  t h e  s t a n d i n g  i n v e n t o r i e s .  However, the 
wi th in -g roup  r e g r e s s i o n  s l o p e s  were n o t  homo-- 
geneous ,  i n d i c a t i n g  a t r e a t m e n t - s l o p e  i n t e r -  
act ion.  The a n a l y s i s  of covariance was abandone: 
i n  f a v o r  of  a t w o - f a c t o r  a n a l y s i s  of  v a r i a n c .  

T a b l e  3 . - - A d j u s t e d  m e a n s  f o r  p e r i o d i c  a n n u a l  v o l u m e  g r o w t h  p e r  
a c r e  f o r  l o b l o l l y - s h o r t l e a f  p i n e  p l o t s ,  a g e  4 5  t o  5 0 ,  by 
t r e a t m e n t .  

T r e a t m e n t  ~ a r i a b l e l ' 2 1  
..................................................... 

MCF SGF BED BFS BFI 

55-B 
70-A 
70-B 
85-A 
8 5 - E  
100-A 
100-B 
I I 5 -B 
130-B 
I N G - A  
INC-E 
J-J 

L/MCF = m e r c h a n t a b l e  c u b i c  f e e t  
SCF = s a w t i m b e r  c u b i c  f e e t  
BED = b o a r d  f e e t ,  Doy l e  r u l e  
BFS = b o a r d  f e e t ,  S c r i b n e r  r u l e  
BFI = B o a r d  f e e t ,  I n t e r n a t i o n a l  1 / 4 - i n c h  r u l e  

Z / ~ d j u s t e d  t r e a t m e n t  m e a n s  f o l l o w e d  b y  t h e  s a m e  l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5 - p e r c e n t  l e v e l ,  



w i t h  t i b i n c i n g  r eg ime  and s i t e  a s  t h e  v a r i a b l e s .  
The supp l emen ta l  p l o t s  were excluded because tke:i 
were found only on ?he good-si te  a rea ,  Separa%n 
a n a l y s e s  of  m e r c h a n t a b l e  and s a w t i m b e r  b a s a l  
a r e a s ,  me rchan t ab l e  and  s a w t i m b e r  c u b i c - f o o t  
v o l u m e s ,  and b o a r d - f o o t  vo lumes  f o r  t h e  k y l e ,  
S c r i b n e r ,  and I n t e r n a t i o n a l  1/d-inch r u l e s  a+, age 
51: w e r e  done. 50th s i t e  and t r e a tmen t  were s i g -  
n i f i c a n t  a t  t h e  5 -pe r cen t  l e v e l ,  b u t  t h e  s i t e -  
t r e a t m e n t  i n t e r a c t i o n  was not. 

P a i r w i s e  c o n t r a s t s  were a l s o  made of above 
=?ersuF below t h i n n i n g  f o r  t h e  7C, 85, 13" . ar: 
_KC t - e a t m e n t s .  ?io c o m p s r i s o n s  were mabe i ~ r  
e - f f e  e n t  basa l  a re2  l e v e l s ,  because basa: areas 
s r p  v3lumes a t  age 50 a r e  f unc t i ona l l y  re l??ed  y o  

r e s l d u s l  b s s a l  a r e a  a t  age  05. No s i g n i f i c a n t  
d i f f e r e n c e s  i n  c o n t r a s t s  were found f o r  merehan- 
t a b l e  b a s a l  a r e a  and m e r c h a n t a b l e  c u b i c - f o o t  
v o l u m e s .  But  t h e  c o n t r a s t s  be tween  I N C - A  2nd 
INC-E were  s i g n i f i c a n t  f o r  sawtirnber ba sa l  a r ea  
and sawt i rnber  cubic- and board-foot volumes. The 
a v e r a g e  b a s a l  a r e a  i n  s awt i rnbe r  f o r  t h e  I M C - A  
t r e a t m e n t  was 92.3 s q u a r e  f e e t  v e r s u s  110.7 
s q u a r e  f e e t  f o r  I N C - B  ( t a b l e  4). I t  i s  n o t  
s u p r i s i n g  t h a t  t he  sawtimber volume c o n t r a s t s  s r e  
a l s o  s i g n i f i c a n t .  For  examp le ,  t h e  s a w t i m b e r  
i n v e n t o r y  a s  measured  by t h e  Doyle r u l e  was 
10,123 board f e e t  f o r  the  INC-A t r e a t q e n t  versvs  
13 ,846  f o r  t h e  INC-E t r e a t m e n t  ( t a b l e  5). A 
p o s s i b l e  reason f o r  t he  d i f f e r ence  i n  sawtimber 
b s s s l  a r e a  and volumes  i s  t h a t  t h e  f i r s t  two 
t h i n n i n g s  i n  t h e  I N C - A  t r e a t m e n t  r educed  "he 
r a t i o  o f  sawt i rnber  t o  m e r c h a n t a b l e  b a s a l  a r e s .  
T I - c r e a s i n g  t h e  r a t i o  by l a t e r  t h i n n i n g  was con- 
s ' - a i n e d  by a  c o m b i n a t i o n  o f  i n c r e a s e s  - 
-5c dual basa l  a rea  d i c t a t e d  by the  t rea tqent ,  -.- 
a &?(cl ine i n  ba sa l  a r e a  growth wi th  age. 

"ab le  4.--Treatment  means 20 r  m e r c h a n t a b l e  i"9r 

s a w t i m b e r  b a s a l  a r e a s  p e r  a c r e  f o r  
lob lo l ly-shor t leaf  pine p l o t s ,  age 5C. 

7 a r i a b l e  
Treatment Merchantable Sawtimber 

b s sa l  a r e s  b a s a l  a r e a  

I F C - A  
ZNC-B 
J-J 

1 CO-A 
100-B 
70-4 
70-E 
85-A 
25-E 

This a n a l y s i s  was l i m i t e d  t o  ba sa l  a r ea  and 
volume growth f o r  ages  45 t o  50 and t h e  s tanding  
i nven to r i e s  a t  age 50. Extension of t he se  r e s u l t s  
t o  o t h e r  a g e s  s h o u l d  be done w i t h  c a u t i o n .  I t  
appears  t h a t  heavy th inn ing  t h a t  l eaves  55 o r  70 
square f e e t  adverse ly  a f f e c t s  both pe r i od i c  ba sa l  
a r e a  and volume g r o w t h  a t  sges 45 t o  50. Pow- 
e v e r ,  few d i f f e r e n c e s  were a p p a r e n t  i n  t h e  
l i g h t e r  th inn ing  trea5ments. Thinning from above 
versus  th inn ing  from below a f f ec t ed  only mercnan- 
:able c u b i c - f o o t  c r cwth .  There  were  o v e r a l l  
d i f f e r e n c e s  f o r  a l l  ~ r s r i ~ b l e s  e x c e p t  s a w t i m b e r  
ba sa l  a rea  growth and board-foot growth us ing  the  
Doyle r u l e .  

T h e r e  w e r e  o v e r a l l  d i f f e r e n c e s  i n  t h e  
s t a n d i n g  i n v e n t o r i e s  a t  a g e  50. The s a w t i m b e r  
i n v e n t o r y  f o r  b o t h  b a s a l  a r e a  and volume was 
s i g n i f i c a n t l y  l e s s  f o r  t he  INC-A versus  t he  INC-E 
t rea tment .  

T a b l e  5 . - - T r e a ? m e n t  m e a n s  ' 9 .  ,- a n d  b o a r d - f c o t  s t a n d i n g  
v o l u m e s  p e r  a c r e  f o r  l o b l o i i y - s h o r t l e a f  p i n e  p l o t s ,  a g e  50.  

V a r i a b l e  
T r e a t m e n t  M e r c h a n t a b l e  S a w t i r r b e r  S o y l e  S c r i b n e r  I n t .  5 / 4 - i n c h  

vo lume  vo lume  r u l e  r u l e  r u l e  

I N C - A  
INC-B 
J-J' 
100-A 
100-B 
70-A 
70-E 
85-A 
85-E 



S e l e c t i o n  of  a t h i n n i n g  r e g i m e  should te 
i n t o  account  growth throughout  a whole r o t a t i : -  
snd  n o t  j u s t  one g r o w t h  p e r i o d  o r  t h e  f i n a l  
s tand ing  volume. T h i s  p o i n t  is e spec i a l l y  impor- 
t a n t  f o r  b o a r d - f o o t  volume g r o w t h ,  s i n c e  macy 
th inn ing  techniques  tend t o  a c c e l e r a t e  sawtimber 
g roduc t ion  r a t h e r  than raise the t o t a l  product ie-  
d u r i n g  t h e  r o t a t i o n .  F u t u r e  a n a l y s e s  w i l l  ccr.- 
s i d e r  these a s p e c t s  of growth and yield. 
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CLONAL RESISTANCE TO AND INCIDENCE OF THE POPLAR BORER IN 

SOUTHERN COTTONVOOD PLANTATIONS 1' 

2 1 
T. E. ~ e b e k e r , ~  J. J .  S ~ h r n i t t , ~  J .  D. SolomonFZ' and C.  R. Honea- 

Abstract. Considerable experimentation has been 
undertaken to understand how the qenetic superiority 
of fas t  growing clones of ~ o ~ u l u s - d e l  toides Bartr. 
can be exoloited throuah breedina and selection. As 
the selection process continues for clones with 
desirable characteristics, such as growth and survival, 
the impact from insects must be considered as well. 
Of 4,388 trees examined in ten clonal plantations, 19.5% 
were observed to have been attacked by the poplar borer. 
Higher infestation rates were observed in older cotton- 
wood settings. Interestingly, the genetic material from 
Issaquena County, Mississippi had the 1 owest infestation 
rate in comparison to other geographic sources. This 
suggests the possibility of a geographic difference 
which may be taken into consideration when selecting 
cl onal materi a1 for propagation. 

INTRODUCTION 

Eastern cottonwood (Populus deltoides 
Bartr. J has received considerable attention 
in the recent past as a commercial species. 
Rapid growth rate, ease of vegetative pro- 
pagati on, dioecism, and early attainment of 
sexual maturity are properties that have lent 
this  species to several breeding programs 
for dewel oping genetical ly superior clones. 
In con junction with these programs i s  the 
concern of mortality and degrade due to in- 
sects a n d  diseases. Of 10 major pests of 

I /  Paper presented a t  the Third Biennial 
~outFeron Si 1 vicul tural Research Conference, 
Atlanta, Nov. 7-8, 1984. Study supported 
through a cooperative agreement with the 
Southern Hardwoods Laboratory, U.S. Forest 
Service, Stoneville, MS. 
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~ s s o c i  a t e s ,  respectively, Department of 
Entmology, Drawer EM, Mississippi State 
University , Mississippi State, MS 
39762 

3/ Principal Entomologist, Southern 
~ardwoads Laboratory, U. S. Forest 
Service, Stonevi 11 e, MS 38776 

cottonwood described by Morris e t  al.  (1975), 
the poplar borer, Saperda calcarata Say 
(Coleoptera: Cerambycidae) is  one of the more 
abundant species attacking the trunks of 
cottonwood in the lower Mississippi Valley. 
I n  Canada and the Great Lakes states, i t s  
hosts also include quaking aspen 
(P. tremuloides Michx. ), bigtooth aspen 
(P. grandidentata Michx. 1 (Peterson 1947, 
Graham and Harrison 1954, and Ewan 1960) and 
balsam pop1 ar (P. bal sami fera 1.1 
(Drouin and Wong 1975). 

Adults of the poplar borer emerge in early 
summer and begin feeding on young twigs, 
peti 01 es and fol i age of various pop1 ars and 
willows. After mating, eggs are laid i n  niches 
constructed by the female on the main stem. 
Usually there are 2 eggs per niche with the 
possibility of several niches being joined. 
After 2-3 weeks, eggs hatch and the larvae begin 
feeding on the sapwood. Active borer attacks are 
characteristically marked by a wet ooze and fine, 
fibrous frass that is  extracted by the larvae as 
they feed. Maturing larvae begin to tunnel 
directly into the heartwood and upon reaching the 
main axis turn vertically upward in the stern, The 
poplar borer passes through 5 instars and pupates 
near the end of the tunnel or gallery. The l i f e  
cycle duration i s  2-4 years in the bake States 
region, b u t  is  probably shorter in the South* 



The poplar borer usually attacks cotton- 
wood 3 years and older (Abrahamson and 
Newsome 1972).  The rough, thickened bark of 
large quaking aspen tends to be less  sui table  
{Ewan 1960) for  oviposi tion. The larvae, when 

ovide infection courts for  
(Klodsche) Cke., a highly 

fungus (Graham and Harrison 1954 1. Cl usters 
of jarvae tunneling close together may riddle 
portions of the t s h n k .  These heavy infesta- 
t ions, which may also be accompanied by wood- 
pecker attack and/ or fungal decomposition, 
s t ructural ly  weaken the t rees ,  making them 
more susceptible to  wind breakage, 

Most of the research regarding the poplar 
borer has been conducted in Canada and the 
Great Lakes s ta tes ,  Our objectives were to 
eval uate 01 der cottonwood pl an t a t  i ons for 
impact and potential clonal resistance do the 
pop1 ar borer, 

METHODS AND MATERIALS 

Evaluation of cottonwood clones for  the 
presence of the poplar borer took place in ten 
experimental areas (ranging in age from 6-16 
years and maintained by U-S,  Forest Service 
personnel and by cooperating fores t  industries) 
F i g  1 Five studies identified by the U.S, 
Forest Service as the 80 Clone, Storage, 
Advanced Cottonwood Cl onal , Provenance, and 
F u 7  1 Sib-Genetics, located near Stonevil le ,  
Mississippi, were surveyed in the winter of 
1981-82. Three areas identified as New 
Clearing, Old S i te  I and Old Si te  I1 located 
near Krotz Springs, Louisiana plus 2 studies, 
Hooker's Ridge and Fox Creek near Vicksburg, 
Mississippi, were surveyed in the winter of 
1982-83. All study areas had been thinned 
manually and a1 1 residual t rees  (dead or a1 ive) 
were observed t o  determine poplar borer 
infestation levels. Data collected included 
t ree  number, clone number, diameter of infested 
t rees ,  borer ac t iv i ty  (act ive or inactive),  
height of act ivi ty ,  and cardinal direction of 
ac t iv i ty  (0-360°). 

RESULTS A N D  DISCUSSION 

In total  19,5% of the t rees  surveyed were 
under attack or had been attacked /Table 1 ) .  
The lowest infestation rates  occurred in the 
6-7 year old studies (2-S%), with higher 
infestation rates  being observed in the older stu- 
dies.  Fox Creek, an excellent s i t e  for cotton- 
wood (Cooper, personal communication) had only 
a 3.9% infestation rate.  The infestation rates  
observed f n  the various studies were much higher 
than expected f i  . e. 45% in a 13 year 01 d pl an- 
t a t ion)  and suggests that  management of cotton- 
wood plantations should consider possible 
control t ac t ics  to reduce the impact of the 
poplar borer in these set t ings.  

Figure 1. Locations of cottonwood plantations 
and related studies.  

Of the 858 infested t rees  surveyed, 310 
(36%) were dead. One hundred ni nety-ei ght 
t rees  (23%) possessed mu1 tip1 e attacks (more 
than 1 group of several larval attacks-"brood 
t rees")  of which 61 were dead. In other words 
only 20% of the dead, infested t rees  possessed 
mu1 t i p l e  attacks and these attacks a1 though 
probably contributing to the mortality were not 
necessarily the terminal factor.  Brood t rees  
are characterized by a heavy reinfestation. 
Peterson (1947) and Drouin and Wong (1975)  
reasoned tha t  t h i s  was due to  high numbers of 
emerging females that  were unable to  f l y  due t o  
malformed wings. The cause of t h i s  malfor- 
mation was unknown. No observations regarding 
adult conditions were made during t h i s  study. 
In looking a t  the frequency of t rees  with one 
or more attacks the tendency was for sol i tary 
attacks. An attack i s  defined as 1 or several 
larvae boring a t  the same location and assumed 
i t  was the resul t  of a single, females 
ovipositional act ivi ty .  We observed 657 t rees  
with a single attack, 144 with 2 ,  37 with 3, 
14 with 4, 6 with 5 or more with more than 5 
attacks per tree.  



Table 1, Incidence of poplar borer, Saperda ca lcara ta  Say, in ten clonal cottonwood planta t ions ,  

Infested Trees 
Active and Total Total 

Study Active Non-Active Non-Active Total Unjfested Trees % In fes t a t ion  

80 C l o n e  
(16  yr .  old) 2 3 30 5 5 8 2 12 2 70 21.5 

Storage 
(16 y r .  old) 3 f 0 

Advanced Cotton- 
wood Cl a n a l  
( 6  yr .  o l d )  28 10 3 4 1 6 74 71 5 5.7 

Provenance 
(14  yr .  old) 5 8 100 12 170 333 503 33.8 

Full Si b-Genetics 
( 1 0  yr .  old) 9 7 168 10 275 71 7 992 27.7 

New C1 e a r i  ng 
(13  yr .  old) 12 4 2 2 56 252 308 18.2 

Old S i t e  I 
( 1 3  yr .  o ld)  14  233 8 155 189 344 45.1 

Old S i t e  I1 
( 1 3  yr .  o ld)  15 4 6 6 6 7 206 273 24.5 

Hooker' s Ridge 
( 7  yr.  o l d )  5 8 - 13 708 72 1 1.8 

Fox Creek 
( 1 1  yr .  o ld )  - 7 - 7 172 179 3.9 

TOTAL 255 554 49 858 3,530 4,388 19.5 

The mean height and cardinal  d i rec t ion of 
a t tack was  2.3 5 0.05m and 189.6', respec- 
t i ve ly .  Overall, a skewed d i s t r ibu t ion  t o  the 
lower p o r t i o n  of the bole was observed. In 
younger p lanta t ions  the  mean height was lower 
than in o lde r  plantations.  U t i l i z ing  the mean 
i n f e s t a t  ion height and age of the study, a 
p o s i t i v e  l inea r  r e l a t ionsh ip  was observed. A 
s l i g h t  p re fe rence  e x i s t s  f o r  the south and west 
aspects.  Peterson (1947)  suggested a potential  
p re fe rence  t o  more heat intensive portions of 
quaking aspen in Canada, but t h i s  may not be as 
c r i t i c a l  in the  South. Since cardinal 
d i r e c t i o n  was recorded from 0-360' in a normal 

d i s t r ibu t ion  a random attack pattern would 
r e s u l t  in a mean of 180°. 

Infes ta t ion  r a t e s  of clonal material propa- 
gated commercially and present in these experi-  
mental areas are  presented in Tables 2 and 3. 
The 0% infes ta t ion  r a t e s  (Table 2) may be 
misleading since overall  infes ta t ion  r a t e s  were 
lowest in the younger material and does not 
necessari l y  suggest r e s i  stance t o  the pop1 a r  
borer, Of a1 1 Stonevi 1 l e  cf ones in the older 
p lanta t ions ,  S t  240 had the highest i n fes t a t ion  
r a t e  while S t  244 had the lowest o f  the r e l ease  
cl ona1 materi a1 present. 



Table 2. Inc idence of the poplar borer, Saperda ca lcara ta  Say, in released clones 
in 6-7 year of d plantations.  

Infested Trees 
Active and Total Total 

Clone A c t i v e  Mon-Active Non-Active Total Uninfested Trees % Infes ta t ion  

261 - - - - 20 2 0 0.0 

TOTAL 4 2 0 6 202 208 2.9 

Table 3, Incidence of the poplar borer, Saperda ca lcara ta  Say, in released clones in 10-16 
year old plantations.  

Infested Trees 
Active and Total Total 

Clone Active Non-Active Non-Active Total Unifested Trees % Infes ta t ion  



T r e e s  t h a t  a re  a t tacked by the  pop la r  
borer, e s p e c i a l l y  those t h a t  have mu1 t i p l e  
a t tacks ,  i.e. brood t rees,  a re  more sub jec t  t o  
damage (b reakage)  du r i ng  h i gh  winds than non- 
i n f e s t e d  mater ia l .  We observed t h i s  i n  
numerous p l  a n t a t i  ons and especi a1 l y  i n  those 
p f a n t a t i a n s  t h a t  had been thinned, There- 
f o re ,  as p a r t  o f  the  t h i n n i n g  gu ide l i nes  
we would suggest the  removal o f  in fes ted  
t rees,  e spec ia l  l y  those w i t h  mu1 t i p l e  at tacks,  
t o  decrease f u tu re  pop la r  borer  popu la t ions  
and wind damage. 

G e n e t i c  ma te r i a l  f rom Issaquena County, 
M i s s i s s i p p i  had t he  lowest  i n f e s t a t i o n  r a t e  
(6.8%) i n comparison t o  the  o ther  geographic 
sources ava i l ab le  i n  t he  se lec ted  study areas 
which ranged  from a low o f  20% t o  a h i gh  of 
40.8%. Issaquena County i s  the  southern-most 
county t h a t  was represented i n  the  study. Th is  
geograph i c  pa t te rn ,  i .e. lower i n f e c t i o n  andfor 
i n f e s t a t i o n  r a t e  f o r  t r ees  f rom the  South was 
r e p o r t e d  f o r  cottonwood lea f  bee t l e  (Chrysomela 
s c r i p t a  F.1 ( O l i v e r i a  and Cooper 1977) and 
me1 ampsora r u s t  (Me1 ampsora medusae 
Thum.)(Cooper and F i l e r  1977) i n  cottonwood. 
O l i v e r i a  and Cooper (1977) suggested t h a t  t he  
p robab le  exp lanat ion  f o r  t h i s  apparent 
r e s i s t a n c e  i s  t he  extended growing season and 
somewhat more v igorous o v e r a l l  growth o f  more 
souther1 y sources. 
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&~tract . - - In  5983 and 1984, the  Forest Service, Southern Fkqion, 
col lec ted seed i n  lob lo l ly  seed orchards using t h e  net  r e t r i e v a l  
system, Collection costs vary, and t h e  s i z e  of the  mop to be 
col lec ted is i w r t a n t  economically. An analys is  and comparison 
of  costs a r e  presented. 

Seed orchard manqers  have found t h e  
t r a d i t i o n a l  lob lo l ly  pine cone col lec t ion method 
t o  be an werwhelming job. Orchard ramets have 
grown t a l l e r ,  i n t ens i f i ed  orchard magement  has 
increased cone production, and new generation 
orchards have been planted and a r e  approaching 
on-line s t a t u s  quickly,  Al l  of  these  f ac to r s  
have made t h e  need t o  imprwe methods of 
c o l l e c t i r q  seed f o r  regeneration a high p r i o r i t y  
plrogriun, 

The seed co l l ec t ion  system described here is 
an extension of the  o r i g i n a l  w r k  of t h e  Georgia 
Forestry Gomission. The USDA Forst  Service 
developed a system t o  r e t r i e v e  net t ing placed i n  
t h e  orchard f loor  t o  eollect seeds. Netting 
deployed over t h e  e n t i r e  orchard f loor  is 
re t r i eved  a f t e r  t h e  cones have ripened and t h e  
seeds have f a l l e n  onto t h e  net .  One end of t h e  
n e t  is attached t o  an aluminum core on t h e  ne t  
r e t r i e v a l  machine. The machine then r o l l s  t h e  
n e t  onto  t h e  core. Seeds a s  w e l l  a s  straw and 
o the r  debr i s  a r e  t ransferred from t h e  net  t o  t h e  
r e t r i e v a l  equipment, and from the re  t o  t h e  seed 
separator  (rriodified peanut combine) which 
separates  the  seed from t h e  mst of t h e  unwanted 
material .  

Use of  the  system extends the  co l l ec t ion  
period, allows a small c r e w  t o  do t h e  e n t i r e  job 
and eliminates tree-climbing or mrking ou t  of 
bucket t rucks  o r  man-lifts. Because it 
el iminates  t h e  need f o r  tree-climbing, use of t h e  
system c rea tes  a s a f e r ,  mre produ&ive, and less 
labor-intensive method o f  cone and seed 
col lec t ion.  Using t h e  net  r e t r i e v a l  seed 
co l l ec t ion  system, a five-person erew can c o l l e c t  
seeds from 40 t o  60 ac res  of lob lo l ly  pine d u r i w  
an e x t e n d 4  season. 

1/ Paper presented a t  t h e  Third Southern 
~ i l v i & l t u r a l  Eiesearch Conf erence, At1 anta ,  
Georgia, November 7-8-, 1984. 

s L, M&omell, m i o n a l  Genet ic is t ,  
~ e r q - ~ .  mwards, Mechanical E2-q ineer  , USDA 
Forest  Semi=,  Southern Region, 1720 Peachtree 
Me, NM, A t l a a ,  Georgia 30367. 

Description and Cost of Equipment 

Net.--Eblypropylene p l a s t i c ,  16.5 f e e t  wide, 
l e n g t f i a r i a b l e ,  (average is 600 f e e t ) ,  weave 
count 6x8 per square inch. Cost: $316,214 (1982 
p r i c e )  f o r  th ree  orchards (350 acres) .  Ekpected 
l i f e  is 10 years. 

Core.--Aluminum a l l o y  6063-T6, s i z e  4.0 - 
inches outs ide  diameter. Length 17 f e e t  3 
inches. Cost: $14,040 ( 1982 p r i ce ) .  Ekpected 
l i f e  is 20 years. 

N e t  Retrieval EiQuipment.--Net r e t r i e v a l  seed 
c o l l e i n  machine, net t ing t ranspor t  t r a i l e r  
with crane, and tractor-munted tree shaker. 
Cost: $144,408 (1982 p r i c e )  f o r  three  orchards. 
m e t e d  l i f e  is 20 years. 

N e t  Collection 

In  1983, 1,649 pounds of  lob lo l ly  p ine  seeds 
were col lec ted from 141 acres  a t  th ree  Southern 
Region seed orchards. Overall, 1983 was not  a 
good seed collecton year;  t o t a l  production and 
y ie ld  were down. The seeds were col lec ted a t  t h e  
following orchards: F'rancis Marion, South 
Carolina; Erambert, Mississippi; and S tua r t ,  
lauis iana.  

Variable costs.--Labor, general-type 
e g c r i w n t  (vehic les ,  wheel t r a c t o r s ,  e tc . )  
$29,920, 

Fixed m u a l  costs.-- 

&wcted Annual 
Item m t a l  Cost G f  e m r t i z a t i o n  
Netting $316,214 10 Years $31,621 
Cores 14,040 20Years 702 
Retrieval 144,480 20 Years 7,224 
Equipnent 

Total  $39,547 



Cost of  Net Col lec t ion  1983 
To ta l  

h t e g o w  cost $/Acre 
v a x i a b l e  c o s t  $Z&T20 $2lzj( 
Fiared mst 39,547 280- 

To ta l  $- $ZE 
*%a. of  a c r e s  = 141 

LQblo l ly  cones co l l ec t ed  i n  1983 from t h e  
orc+iards y ie lded  1.1 4 pounds o f  seeds per 

bushel  0 2  cones, The seeds  co l l ec t ed  f r m  t h e  
n e t t i n g  system weighed 1,649 pounds. The 
e q u i v a l e n t  number of  bushels  of  cones requi red  t o  
y i e l d  the? seeds obta ined  from t h e  n e t t i !  is 
1,446 ( 1  ,649 pounds d iv ided  by 1.14 pounds per 
bushel  = 1,446 bushels  o f  cones) .  The c o l l e c t i o n  
o f  1,446 bushels of  cones obta ined  by con t r ac t  o r  
f o r c e  accoun t  (using Fores t  Serv ice  m r k e r s )  
would h m e  been $33 pe r  bushel: 

~ o l  l e c t  ion $30 
Drying and e x t r a c t i o n  2 
Tramspor ta t ion  to ex t r ac to ry  1 

$33 

Cost o f  cone  m l l e c t i o n  FY 1983 (hypothet ica l )  

$47,718 (1,446 bushels  X $33/bushel) 

Conparison of Costs (cone c o l l e c t i o n  ve r sus  
N e t t i q  System). 

$69,467 Cost o f  n e t  c o l l e c t i o n  
-47,718 Cost o f  cone c o l l e c t i o n  
$-Cone c o l l e c t i o n  m u l d  have been 

mre economical. 

FISCAL YEAR 1984 COLLmION 

mblo1l.y y i e l d  i n  1984 was 1.43 pounds o f  
seeds  per bushel of cones. The ne t t i -  s y s t m  
co l l ec t ed  4,529 pounds of seeds. The q i v a l e n t  

r of  bushels  of  m n e s  r e q u i r d  for t h i s  seed 
y i e l d  is 3,167. This t o t a l  is der ived  as 
follows : 
4,529 pounds o f  seed d i v i d d  by 1,43 
bushels/pound = 3,167 bushels ,  

The c o l l e c t i o n  o f  3,167 bushels  o f  cones 
obtained by con t r ac t  o r  force  account (us ing  
Fores t  Service workers) w u l d  have been 
$33/bushel o r  $104,511. 

Col lec t ion  $30 
Drying and ex t r ac t ion  2 
Transportat ion t o  - 1 

Etxtractory 
Tota l  $33 

Cost of  cone co l l ec t ion  versus  ne t t i ng  system: 

$104,511 mst of  cone c o l l e c t i o n  
- 88.122 cost of  n e t  c o l l e c t i o n  
$16,389 co l l ec t ion  m u l d  have been 

mre economical.. 

A bene f i t  o f  t h e  n e t  r e t r i e v a l  system no t  
included i n  t h e  s tudy is t h e  v a s t  m w n t  o f  c l ean  
p ine  s t raw t h a t  is ava i l ab l e  a s  a by-product. 
The p ine  s t raw can be used as mulch f o r  nursery  
beds or so ld  to o t h e r s  f o r  landsc(aping. E i the r  
use provides a s i zeab le  k n e f i t  f o r  t h e  system. 
The orchard p ine  s t raw is of  p r i m  q u a l i t y  and 
does not  conta in  t h e  weed seeds  and o t h e r  d e b r i s  
n o m l l y  found i n  p ine  s t r aw  bales .  For t h i s  
reason,  ou r  orchard agers  have no problem 
disposing o f  t h e  straw, 

N e t  C o l l e c t i o n  
RESULS AND DISCUSSION 

I n  F i s c a l  Year 1984, 4,529 pounds o f  
l o b l o l l y  pine seeds  were co l l ec t ed  f r m  216 a c r e s  
wi th  t h e  ne t t i ng  s y s t e m  from t h e  t h r e e  Fores t  
Se rv i ce  s e e d  orchards  mn t ioned  earlier. Seed 
p roduc t ion  was spo t ty ,  e a s t  coas t  c o l l e c t i o n s  
were l ight ,  bu t  gu l f  c o a s t a l  c o l l e c t i o n s  were 
good to heavy. 

V a r i a b l e  cos t s .  --Labor, general-type 
e q u i p n t  (vehic les ,  wheel t r a c t o r s ,  etc.) 

Fi x e d  Annual Costs  .--Net r e t r i e v a l  q i p n t  
and m a t e r i a l s  ( n e t t i n g ,  cones, etc.) $39,547,*See 
Chart  of FY 7983 Fixed Annual Costs. - 

Cost of Wt Col lec t ion  1984 

QtFW=Y Tota l  Cost $/Arne 
Var iable  Cost $48,575 $225* 
Fixed C o s t s  39,547 - 183 

To ta l  $- 408 
*No, of acres = 216 

I n  1983 t h e  per pound c o s t  of seed 
c o l l e c t i o n  on t h e  n e t  was $42.12, while cone 
c o l l e c t i o n  was $28.93, The ne t t i ng  system cost 
$17.73 per pound mre than  t h e  mst of seed 
obtained by co l l ec t ing  t h e  cones. I n  1984, t h e  
n e t  m l l e c t i o n  mst $19.45 per pound and seed 
co l l ec t ed  i n  cones would have mst $23.07 per 
pound. This  p r d u c e d  a savings of  $3.62 pe r  
pound i n  favor o f  t h e  n e t  s e d - c o l l e c t i o n  
system. 

The cost of  t h e  n e t  s e d - c o l l e e i o n  s y s t w  
is g r e a t l y  a f f ec t ed  by t h e  v o l m  of  seed 
avai l&le .  The laqer  t h e  vol. 
n e t ,  t h e  lower t h e  cos t  per  po 
Retr ieval  and q u a l i t y  of  separa t ion  o f  t h e  seed 
is v i r t u a l l y  unaffe&ed e v o l m  o f  seed. 
On t h e  o t h e r  hand, t h e  v o f  d e b r i s  (p ine  
straw, twigs,  etc.) on t h e  n e t  has  a m a s u r a l e  
e f f e c t  on t h e  rate of  separa t ion .  



In  general ,  t h e  smller t h e  seed and cone 
crop, t h e  mre t h e  a & m t q e s  a r e  i n  favor of 
cone col lec t ions .  Men t h e  crop is small, t h e  
wries can be s e l e e i v e l y  colle&ed; er, it 
is near ly  i i v s s i b l e  to selectively deploy 
net t ing and still catch t h e  seed f a l l .  

The q i p n i :  now us& f o r  t h e  ne t  r e t r i e v a l  
s y s t m  is considered a f i r s t  generation 
production p r o t o t m .  m y  i q r w e m n t s  w i l l  be 
miade to prcrduce a mre e f f i c i e n t  and comet 
system, The cos t  of e q u i p n t  m y  mnt inue  to 
rise, but probably not a s  f a s t  a s  t h e  cost of 
l h r ,  espec ia l ly  t h e  t ra ined labor force  t h a t  is 
required i n  cone col lec t ion.  

The i n i t i a l  costs of t h e  net  r e t r i e v a l  
s y s t a  a r e  high. Therefore t h i s  system would not 

c a l  i n  young orchards or an orchard 
with a l o w  produeion capacity. Use t h e  
following f a c t o r s  to decide whether t o  use t h e  
n e t  system o r  harvest  cones i n  a pa r t i cu la r  year. 

N e t  S&-Gollection System 

r of acres  of orchard under 
t ion,  
l a t e d  production capacity of the  orchard 
f bushels of cones or p u n d s  of  seeds on 
of orchard under consideration; end 

product w i l l  be pounds of col lec table  seeds. 
3 .  Cost of  deploying and re ering t h e  net  seed 
co l l ec t ion  systemon t h e  following basis:  a 
five-person mew operates a t  t h e  r a t e  of .25 
ac res  per c r e w  per day. This work includes t h e  
t o t a l  job o f  deploying t h e  net ,  shaking t h e  trees 
( t w i c e )  r e t r i ev ing  t h e  net ,  processing t h e  seed 
and returning t h e  r o l l s  of ne t  t o  storage.  The 
time sequence beams r e l a t i v e l y  u n i m r t a n t ,  
because much of the  job takes  place before and 
a f t e r  t h e  cone ripening period. With t h i s  
information, t h e  orchard manager can ca lcu la te  
t h e  p r i ce  of  seeds per pound. 

Cone Collection Svstern 

1. Price per bushel to c o l l e c t  csnes, t ranspor t ,  
extract: t h e  process. 
2. Can t h e  cone crop be picked before they 
m t u r e  to t h e  point of o p n i n g ?  
3 ,  Is an adequate supply of col lec t ion equipment 
avail&le? 
4. Is the re  an adequate pool of  people to do t h e  
work safely? 

Every orchard and organization w i l l  g e m r a t e  
rs, but w e  f e e l  t h e  net  r e t r i e v a l  

seed co l l ec t ion  systern is a v iab le  a l t e rna t ive  t o  
a d i f f i c u l t  job. 
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If t h e  p r i m  per bushel for the net t ing 
s y s t m  is higher than t h a t  f o r  hamesting cones, 
the orehard m n w e r  would then decide t h a t ,  i n  
a l l  p r o m i l i t y ,  cone p i c k i q  will. be t h e  mst 



TEE CASE FOR PLMTING LONGLEM PINE 

I / Eugene Shoulders- 

Abstract.--Twenty-year r e s u l t s  from 35 comparisons of 
t he  fou r  major southern pines i n  Louisiana and Miss iss ippi  
i n d i c a t e  t h a t  longleaf (Pinus palustrig H i l l . )  i s  po t en t i a l l y  
a s  productive a s  l o b l o l l y  (P. tneda L.), s l a s h  (P, e - k l i o t t i i  
Engelm. mr. e l l i o t t i i ) ,  and sho r t l ea f  (P. achina$a Mil l . )  
pines under a wide va r i e ty  of s i t e  condi t ions  i f  the problems 
of poor p lant ing  su rv iva l  and brownspot needle b l igh t  can be 
overcome. Late  ( a f t e r  age 4) i n i t i a t i o n  of vigorous he ight  
growth was indica ted  t o  be a l e s s  important cause of longleaf ' s  
poorer performance than was low dens i ty  r e s u l t i n g  from poor 
p lant ing  su rv iva l  and brownspot needle d isease .  

INTRODUCTION THE STUDY 

Faced with t he  prospect  t h a t  fusiform r u s t  
( c a u s e d  by Cronartium quereutsm (Berk . ) Migabe ex 
S h i r a i  f .  sp. fusiforrn) may s u b s t a n t i a l l y  reduce 
y i e l d s  of l o b l o l l y  and s l a s h  pine p l an t a t i ons ,  
f o r e s t e r s  across  t he  South a r e  reevalua t  i ng 
l o n g l e a f  pine f o r  p lant ing  i n  high r u s t  hazard 
a r eas .  Proponents of the spec ies  (Fa r r a r  and 
White 3-983, Kais, e t  a l .  1981) contend t h a t  
l o n g l e a f  pine w i l l  survive s a t i s f a c t o r i l y  and 
i n i t i a t e  vigorous he ight  growth i n  3 or  4 years 
i f  v i g o r o u s  seedl ings  a r e  planted with care  on 
we l l  p r epa red  s i t e s  and remain f r e e  of brownspot 
needle  b l igh t  (caused by S c i r r h i a  a e i c o t a  (Dearn) 
S i g g e r s )  u n t i l  they emerge from the  grass  s tage .  

T h e s e  developments caused me t o  reexamine 
r e s u l t s  of 35 s i te -spec ies  t r i a l s  i n  Louisiana 
and N i s s i s s i p p i ,  where longleaf su rv iva l  a t  10 
years  exceeded 20 percent ,  t o  l e a r n  i f  e a r ly  
emergence of well  stocked longleaf p l an t a t i ons  
f  rom t h e  grass  s t age  would make them competitive 
i n  y i e L d s  on a given s i t e  with the  o ther  major 
s o u t h e r n  pines. I n  t h i s  paper, I compare a c t u a l  
y i e l d s  of longleaf pine a t  20 years i n  with those 
of l o b l o l l y ,  s l a sh ,  and shor t leaf  pine. Also, I 
examine the indiv.idua1 and combined e f f e c t s  on 
r e l a t i v e  performance of longleaf plne of (1)  
adjust l-ng longleaf  y i e ld s  t o  r e f l e c t  i n i t i a t i o n  
of v igo rous  height  growth i n  the  four th  year 
a f t e r  p l a n t i n g  and (2 )  ad jus t ing  y i e l d s  of a l l  
s p e c i e s  t o  compensate f o r  d i f ferences  between 
them in basa l  a r ea  a t  20 years. 

l /Pape r  presented a t  Southern S i l v i c u l t u r a l  
Resea rch  Conference, Atlanta,  Georgia, November 
7-8, 15084. 

rP r inc ipa l  S i l v i c u l t u r i s t  , USDA--Porest 
S e r v i c e ,  Southern Fores t  Experiment S t a t i on ,  
P i n e v i h l e ,  LA 71360, 

I n  t he  years I954 through 1958, t he  Southern 
Fores t  Experiment S t a t i on ,  with t he  he lp  of both 
publ ic  and p r iva t e  f o r e s t r y  organiza t ions ,  
es tabl i shed  pine spec ies  comparisons on 113 uni- 
form s i t e s  i n  Louisiana and southern Mis s i s s ipp i .  
Every i n s t a l l a t i o n  included lob lo l ly ,  s l a s h  and 
longleaf  pine. About ha l f  the i n s t a l l a t i o n s  a l s o  
included sho r t l ea f  pine. Seedlings f o r  t he  s tudy 
were grown i n  S t a t e ,  Federal ,  and p r i v a t e  nur- 
s e r i e s  i n  Louisiana and Miss iss ippi  and planted 
a s  1-0 stock.  Loblolly pine seedl ings  p lanted  
e a s t  of the  Miss iss ippi  River were from seed lo t s  
co l l ec t ed  i n  Miss iss ippi ,  and those planted west 
of the  River were from Louisiana seedlo ts .  S lash  
pine seedl ings  f o r  more than 80 percent  of the  
p l o t s  were produced from seeds co l l ec t ed  i n  
southern Miss iss ippi  or  the  Flor ida  pa r i shes  of 
Louisiana; seeds f o r  the  remaining s tock  were 
obtained from a Georgia dea ler .  Shor t leaf  
seedl ings  from a Louisiana seed source were used 
i n  seven Miss iss ippi  i n s t a l l a t i o n s .  Otherwise, 
longleaf  and sho r t l ea f  seedlings planted e a s t  of 
t he  Miss iss ippi  River were from seed lo t s  
co l l ec t ed  i n  H i s s i s s ipp i ,  and those planted west 
of the  River were from seed lo t s  co l l ec t ed  i n  
Louisiana. No gene t i ca l ly  improved seeds were 
used, $he s tock  was graded by Wakefeyis (1954) 
r u l e s ,  and hea l thy ,  uninjured Eorphological  Grade 
1 and 2 seedl ings  were accepted f o r  p lant ing .  

Three p lo t s  of each of the three  o r  four  spe- 
c i e s  were e s t ab l i shed  a t  each loca t ion .  Louisiana 
p l o t s  contained 49 measurement t r e e s  and 
Miss iss ippi  p lo t s ,  64. P lant ing  i n t e r v a l  i n  both 
S t a t e s  was 6 f e e t  between and within rows (1,210 
t r e e s  per ac re ) .  By age 20 years,  poor su rv iva l  
of longleaf and d i s a s t e r s  of one s o r t  o r  another 
had reduced t o  35 the  number of i n s t a l l a t i o n s  
where s t a t i s t i c a l l y  va l id  comparisons could be 
made between longleaf y i e ld s  and those of one o r  



more of t h e  o t h e r  s p e c i e s .  The 35 inc luded  33 
i n s t a l l a t i o n s  where d i f f e r e n c e s  between longleaf  
and l o b l o l l y  y i e l d s  could be eva lua ted ,  34 where 
d i f f e r e n c e s  between longleaf  and s l a s h  y i e l d s  
cou ld  be e v a l u a t e d ,  and 16 where d i f f e r e n c e s  be- 
tween longleaf  and s h o r t l e a f  could be eva lua ted .  

T h i r t e e n  of t h e  35 i n s t a l l a t i o n s  a r e  e a s t  of 
t h e  H i s s i s s i p p i  River  i n  sou thern  M i s s i s s i p p i  and 
t h e  F l o r i d a  P a r i s h e s  of Louisiana;  twenty-two a r e  
west  of t h e  River  i n  Louisiana ( f i g .  1 ) .  

c WET SITES 

+ DRY SITES 

F i g u r e  1,--Locations of 35 s i t e - s p e c i e s  t r i a l s  i n  
Louis iana  and M i s s i s s i p p i  

A few i n s t a l l a t i o n s  were e s t a b l i s h e d  on o l d  
f i e l d s ,  bu t  most were on open, cu tover  s i t e s  t h a t  
had never  been t i l l e d ,  

Nine i n s t a l l a t i o n s  a r e  on s o i l s  t h a t  l a c k  
prominent, abrup t  changes i n  c o l o r  o r  t e x t u r e  
from t h e  s u r f a c e  down t o  3 o r  4 f e e t  (wet s i t e s ) .  
These s o i l s  remain submerged o r  s a t u r a t e d  wi th  
wate r  dur ing  wet per iods ,  e s p e c i a l l y  i n  win te r .  
They range i n  i n t e r n a l  d ra inage  from very  poor t o  
moderately good. 

Twenty-one i n s t a l l a t i o n s  a r e  on s o i l s  t h a t  
have w e l l  def ined  hor izons ,  which d i f f e r  from 
each o t h e r  i n  both c o l o r  and t e x t u r e  
( i n t e r m e d i a t e  s i t e s ) .  These s o i l s  a r e  moderately 
w e l l  t o  w e l l  d ra ined .  

Nine i n s t a l l a t i o n s  a r e  on s o i l s  t h a t  have a 
t h i c k  s u r f a c e  l a y e r  of c o a r s e  sand o r  sandy loam 
m a t e r i a l ,  which may o r  may no t  g rade  i n t o  
somewhat f i n e r  m a t e r i a l  below a dep th  of 3 f e e t  
( d r y  s i t e s ) .  These s o i l s  have good t o  excess ive  

i n t e r n a l  d ra inage  and a l i m i t e d  c a p a c i t y  t o  s t o r e  
r e a d i l y  a v a i l a b l e  moisture.  

To compensate f o r  the e f f e c t s  of slow 
emergence of longleaf  pine Erom t h e  g r a s s  s t a g e  
on y i e l d s  a t  20 y e a r s ,  it was necessary t o  
e s t a b l i s h  t h e  age a t  which dominant and codomi- 
nant  longleaf  t r e e s  a t t a i n e d  a  he igh t  of 4 f e e t ,  
and t o  p r o j e c t  age-20 y i e l d s  forward t o  eompen- 
s a t e  f o r  t h e  y e a r s  g r e a t e r  than  4 t h a t  t h e  t r e e s  
r e q u i r e d  t o  i n i t i a t e  v igoroas  he igh t  growth. The 
procedure used t o  make t h e s e  p r o j e c t i o n s  was a s  
fo l lows .  

Height  d a t a  from i n v e n t o r i e s  a t  3,  5 ,  and L O  
y e a r s  were used t o  develop he igh t  (Bf - age (A) 
r e l a t i o n s h i p s  f o r  each p l o t  us ing  t h e  formula 

(The a  and b va lues  a r e  r e g r e s s i o n  c o e f f i c i e n t s  
developed i n d i v i d u a l l y  f o r  each p l o t . )  

The equa t ions  were then solved i n  r e v e r s e  t o  
de te rmine  t h e  age a t  which t r e e s  a t t a i n e d  a  
h e i g h t  of 4 f e e t .  Values were rounded o f f  t o  t h e  
nex t  f u l l  year  (e.g.,  5.4 was rounded t o  6 
y e a r s ) ,  and 4 years  was s u b t r a c t e d  Erom them, 
Actua l  ages of longleaf  p l a n t a t i o n s  were reduced 
by t h i s  amount. 

The next  s t e p  was t o  grow t h e  longleaf  plan- 
t a t i o n  t o  an  a d j u s t e d  age of 20 years .  I n  t h i s  
s t u d y ,  i n d i v i d u a l  p l o t  volume was reckoned a s  t h e  
product  of p l o t  b a s a l  a r e a ,  based on t h e  d.b.h. 
of a11  t r e e s ,  and a  volume-basal a r e a  r a t i o  
der ived  from sample t r e e  measurements ( s e e  
Shoulders  1976). So, e s t i m a t e s  were needed of 
p l o t  b a s a l  a r e a s  and volume-basal a r e a  r a t i o s  a t  
a c t u a l  ages corresponding t o  20 years  p lus  t h e  
number of y e a r s  g r e a t e r  than 4 t h a t  t r e e s  
remained i n  t h e  g r a s s  s tage .  These va lues  were 
ob ta ined  by l i n e a r  i n t e r p o l a t i o n  us ing  b a s a l  
a r e a s  and volume-basal a r e a  r a t i o s  from inven- 
t o r i e s  of i n d i v i d u a l  p l o t s  t h a t  were made when 
a c t u a l  age of t h e  p l a n t a t i o n s  was 20 and 25 
years .  

The assumptions underlying t h e s e  ad jus tments  
t o  compensate f o r  slow emergence of longleaf  p ine  
from t h e  g r a s s  s t a g e  were (1)  t h a t  once longleaf  
p ine  i n i t i a t e s  vigorous he igh t  growth, i t s  sub- 
sequent  r a t e  of growth is independent of t h e  t ime 
s e e d l i n g s  spen t  i n  t h e  g r a s s  s t a g e  and ( 2 )  t h a t  
s h o r t  term changes i n  i n d i v i d u a l  p l o t  b a s a l  a r e a s  
and volume b a s a l  a r e a  r a t i o s  tend t o  be l i n e a r  
over  time. 

Because of t h e  procedures descr ibed  above 
f o r  computing i n d i v i d u a l  p l o t  volumes, i t  was 
necessary  t o  compensate f o r  d i f f e r e n c e s  among 
s p e c i e s  i n  d e n s i t y  ( s u r v i v a l )  by a d j u s t i n g  p l o t  
b a s a l  a r e a s  and volume-basal a r e a  r a t i o s .  The 
assumption was made t h a t  p l o t s  of a l l  s p e c i e s  
having t h e  same number of s u r v i v i n g  t r e e s  a t  20 
y e a r s  would have approximately t h e  same b a s a l  



a r e a ,  but t h a t  t h e i r  volume-basal a r e a  r a t i o s  
would r e f l e c t  d i f f e r e n c e s  among spec i e s  i n  t o t a l  
height;  of t he  dominant and codominant t r e e s .  
Be c ause  volume-basal a r e a  r a t i o s  a r e  a l s o  sen- 
s i t i v e  t o  s tand  dens i t y ,  i nd iv idua l  spec i e s  
r e g r e s s i o n  was computed, which r e l a t e d  a c t u a l  
volume-basal  r a t i o s  t o  b a s a l  a r e a  and he igh t  of 
dominant  and codominant t r e e s  An ad ju s t ed  
volume-basal  a r e a  r a t i o  f o r  each p l o t  was 
ob ta imed by so lv ing  t he se  regress ions  f o r  the  
a v e r a g e  ba sa l  a r ea  of t h e  i n s t a l l a t i o n  and the  
actual-  he igh t  of dominant and codominant t r e e s  
on t h e  p lo t .  The ad ju s t ed  p l o t  r a t i o s  were then 
m u l t i p l i e d  by the  average ba sa l  a r e a  of the  
i n s t a l l a t i o n  t o  compute ad ju s t ed  p l o t  volumes. 
Both a c t u a l  y i e l d s  and expected y i e l d s ,  i f  long- 
l e a f  h a d  i n i t i a t e d  vigorous he ight  growth i n  
t h e  fo lur th  year ,  were ad ju s t ed  by t h i s  procedure 
t o  approximate ,  r e spec t i ve ly ,  y i e l d s  with corn- 
pa r a bLe  dens i t y  between spec i e s  and y i e l d s  with 
comparable dens i t y  i f  longleaf  had commenced 
h e i g h t  growth a t  age 4. 

O n l y  t o t a l  cubic-foot  y i e l d s  a r e  repor ted .  
They i n c l u d e  volume of wood and bark i n  the  en- 
t i r e  s t e m ,  from stump t o  t i p ,  of t r e e s  0.6 inch 
d.b.h. and l a r g e r .  They exceed by about 20 per- 
c e n t  cor responding  y i e l d s  from t r e e s  5 inches 
d.b.h. and l a r g e r  t o  a  4-inch top. 

RESULTS 

Actual  y i e ld s  

A t  20 yea r s ,  a c t u a l  y i e l d s  per  a c r e  i n  t h e  35 
i n s t a l l a t i o n s  were l ong l ea f ,  521 t o  4,874 f t 3  
(0.b.); l o b l o l l y ,  554 t o  5,644 f t 3 ;  s l a s h ,  2,359 
t o  5,959 f t 3 ;  and s h o r t l e a f ,  1,065 t o  5,313 f t 3  
( f i g *  2). 

I n  only two i n s t a l l a t i o n s  were l ong l ea f  
y i e l d s  s i g n i f i c a n t l y  g r e a t e r  than y i e l d s  of 
another  spec i e s  ( t a b l e  1 ) .  Longleaf y i e l d s  
exceeded s l a s h  pine y i e l d s  on one we l l  d r a ined  
o ld - f i e l d  s i t e  where longleaf  survived excep- 
t i o n a l l y  we l l  (82 percent  a t  20 years )  and emerged 
from t h e  g r a s s  s t a g e  a t  an e a r l y  age. S l a s h  p ine  
i n  t h i s  i n s t a l l a t i o n  was heavi ly  i n f e c t e d  wi th  
fus i form r u s t  and sus ta ined  30 percent  r u s t  asso- 
c i a t e d  m o r t a l i t  by age 20. Longleaf growth 
averaged 237 f t g  (0.b.) per  a c r e  per yea r  i n  t h i s  
i n s t a l l a t i o n ,  and s l a s h  averaged 175 f t 3 .  
Longleaf ou ty ie lded  sho r t l e a f  p ine  on a poor ly  
dra ined  open cutover  s i t e  where n e i t h e r  s p e c i e s  
grew very wel l  and y i e l d s  of both were w e l l  below 
those  of l o b l o l l y  and s l a s h  pine. Sho r t l e a f  i n  
t h i s  i n s t a l l a t i o n  grew a t  an annual  r a t e  of on ly  
53 f t 3  per  a c r e  and longleaf  a t  an annual  r a t e  of 
93 f t 3 .  

A c t u a l  and ad ju s t ed  d a t a  f o r  i nd iv idua l  Longleaf y i e l d s  equal led ( i . e . ,  were no t  
i n s t a x l a t i o n s  were eva lua ted  by ana lyses  of s i g n i f f c a n t l y  d i f f e r e n t  from) those  of l o b l o l l y  i n  
v a r i a n c e .  Di f fe rences  among spec i e s  were iso-  33 percent  of t he  i n s t a l l a t i o n s ,  s l a s h  i n  26 per- 
l a t e d  wi th  Duncan's new mu l t i p l e  range t e s t .  cen t  of t h e  i n s t a l l a t i o n s ,  and s h o r t l e a f  i n  63 
I n d i v i d u a l  spec i e s  were considered t o  be unequal percent  of t he  i n s t a l l a t i o n s  where comparisons 
i n  performance i f  d i f f e r e n c e s  among them were between i nd iv idua l  spec ies  were pos s ib l e .  
s i g n i f i c a n t  a t  t he  0.05 l e v e l  and equa l  i n  
performance i f  d i f f e r e n c e s  were not .  

Table 1.--Differences between longleaf  and o the r  southern  pines i n  a c t u a l  
and ad jus ted  t o t a l  y i e l d s  a t  20 yea r s  

Yie lds  ad ju s t ed  f o r  - 
: Actual  : Prolonged : Stand :Prolonged g r a s s  s t age  

-------------- Number (percent )  of installations--------- 

Longleaf vs l o b l o l l y  
Longleaf s i g *  g r e a t e r  0 (0)  0 (0)  0 (0)  7 (21) 
No s i g .  d i f f e r e n c e  11 (33) 15 (45) 27 (82) 25 (76) 
Loblo l ly  s i g .  g r e a t e r  22 (67) 18 (55) 6 (18) 3. (3)  

Longleaf vs-  s l a s h  
Longleaf s i g .  g r e a t e r  1 ( 3 )  1 (3) 0 (0)  0 (0)  
No s i g .  d i f f e r e n c e  9 (26) 12 (35) 18 (53) 29 (85) 
S l a sh  s i g .  g r e a t e r  24 (71) 21 (62) 16 (47) 5 (15) 

Longleaf vs . sho r t  l e a f  
Longleaf s i g *  g r e a t e r  1 (6)  1 ( 6 )  2 (12) 4 (25) 
No s i g .  d i f f e r e n c e  10  (63) 11 (69) 14 (88) 12 (75) 
Sho r t l e a f  s i g .  g r e a t e r  5 (31) 4 (25) 0 ( 0 )  0 (0)  



Figure 2.--Comparisons between longleaf pine and o the r  southern pines i n  (A) a c t u a l  t o t a l  y i e ld s  
a t  20 years,  (B) t o t a l  y i e ld s  ad jus ted  f o r  l a t e  emergence of longleaf  from the  grass  s t age ,  ( C )  
d i f f e r ences  i n  stocking between species ,  and (D) both of the  above condi t ions ,  by s i t e  con- 
d i t i o n  (0 = wet, # = i n t e m e d i a t e ,  * = dry).  Diagonal l i n e s  represent  equal performance of t he  
two species  i n  t he  comparison. 



The propor t ions  of i n s t a l l a t i o n s  where 
a c t u a l  longleaf  y i e l d s  equa l led  o r  exceeded 
t h o s e  of l o b l o l l y  and s l a s h  increased  a s  s i t e s  
became d r i e r ,  whereas t h e  p ropor t ions  of 
i n s t a l  l a t i o n s  where longleaf  y i e l d s  equa l led  o r  
exceed  ed s h o r t  l e a f  y i e l d s  decreased.  

E x p e c t e d  y i e l d s  wi th  r a p i d  h e i g h t  growth 

T h e  adjustment  t o  compensate f o r  slow 
emergence of longleaf  p ine  from t h e  g r a s s  s t a g e  
i n c r e a s e d  l o n g l e a f ' s  compet i t ive  p o s i t i o n  only 
s l i g h t l l y .  A f t e r  t h i s  adjustment ,  long leaf  
y i e l d s  equal  l e d  o r  exceeded those  of l o b l o l l y  
i n  45 percent of t h e  i n s t a l l a t i o n s ,  s l a s h  i n  38 
p e r c e m t  of t h e  i n s t a l l a t i o n s ,  and s h o r t  l e a f  i n  
75 p e r c e n t  of t h e  i n s t a l l a t i o n s .  The a d j u s t -  
ments ranged from z e r o  f o r  two i n s t a l l a t i o n s ,  
where longleaf  comenced vigorous h e i g h t  growth 
i n  t h e  f o u r t h  year ,  t o  908 f  t3 (0.b.) per  a c r e  
f o r  a a  i n s t a l l a t i o n  where a  w e l l  s tocked s t a n d  
emerged from t h e  g r a s s  i n  t h e  seventh  year .  

Expected y i e l d s  wi th  equa l  d e n s i t y  

T h e  adjustment  t o  compensate f o r  d i f f e r e n -  
c e s  ira. s u r v i v a l  among s p e c i e s  a f f e c t e d  volumes 
of a l l  spec ies .  A f t e r  t h e  adjustment ,  t h e  
range i n  expected y i e l d s  per  a c r e  were 
l o n g l e a f ,  1,072 t o  4,991 f t 3  (0.b.); l o b l o l l y ,  
95.9 t o  5,109 f t 3 ;  s l a s h ,  1,290 t o  5,432 f t 3 ;  
and s h o r t l e a f ,  1,511 t o  5,167 f t 3 .  

A n a l y s e s  of t h e s e  a d j u s t e d  v a l u e s  showed 
t h a t ,  with comparable b a s a l  a r e a s  a t  20 y e a r s ,  
l o n g l e  af was p o t e n t i a l l y  a s  p roduc t ive  a s  
l o b l o l l y  i n  82 percen t  and s l a s h  i n  53 percen t  
of t h e  i n s t a l l a t i o n s .  With equa l  l e v e l s  of 
s t o c k i  ng, longleaf  y i e l d s  equa l led  those  of 
s h o r t l e a f  i n  88 p e r c e n t  of t h e  i n s t a l l a t i o n s  
and exceeded  them i n  12 percen t  of t h e  
i n s t a L  l a t i o n s  where performance of t h e s e  two 
s p e c i e s  could be compared. 

E x p e c  ted  y i e l d s  wi th  equa l  d e n s i t y  and e a r l y  
emergence of longleaf  from t h e  g r a s s  s t a g e  

Removal of t h e  e f f e c t s  of both slow 
emergence  of longleaf  from t h e  g r a s s  s t a g e  and 
u n e q u a l  d e n s i t y  among s p e c i e s  f u r t h e r  a l t e r e d  
e x p e c t e d  y i e l d s  and r e l a t i v e  performance of t h e  
f o u r  s p e c i e s .  Longleaf y i e l d s  a f t e r  the  dua l  
a d j u s t r a e n t  ranged from 1,135 t o  4,991 f t 3  
(0.b.) per  a c r e ,  l o b l o l l y  y i e l d s  from 974 t o  
5,109 f t 3 ,  s l a s h  y i e l d s  from 1 ,311  t o  5,433 
it3, a n d  s h o r t l e a f  y i e l d s  from 1,542 t o  5,167 
f t 3  p e r  a c r e .  

G i v e n  t h e  advantage of emergence of a  com- 
p a r a b l y  s tocked s t a n d  from t h e  g r a s s  s t a g e  i n  
t h e  f o u r t h  year ,  long leaf  should have performed 
a s  we1 1 a s  o r  b e t t e r  than l o b l o l l y  on 97 per- 
c e n t  a f  t h e  s i t e s  and a s  w e l l  a s  s l a s h  on 85 
p e r c e n t ,  Longleaf y i e l d s  should have equa l led  
o r  e x c e e d e d  those  of s h o r t l e a f  on a11 s i t e s  
where both s p e c i e s  were p lan ted  and survived* 

Moreover, t h e r e  were no l a r g e  d i f f e r e n c e s  be- 
tween wet, i n t e m e d i a t e ,  and dry  s i r e s  i n  t h e  
p ropor t ion  of i n s t a l l a t i o n s  where p o t e n t i a l  
long leaf  y i e l d s  equa l led  o r  exceeded t h o s e  of 
t h e  o t h e r  s p e c i e s .  

D I S C U S S I O N  &ID CONCLUSIONS 

These e x e r c i s e s  demonstrate  t h a t  l o n g l e a f  is 
p o t e n t i a l l y  a s  p roduc t ive  a s  t h e  o t h e r  major 
sou thern  p ines  under a wide v a r i e t y  o f  s i t e  con- 
d i t i o n s .  They f u r t h e r  emphasize t h a t  l a t e  
emergence from t h e  g r a s s  s t a g e  was a  l e s s  impor- 
t a n t  cause than  low d e n s i t y  f o r  longleaf"  poorer  
a c t u a l  r e l a t i v e  performance. Poor p l a n t i n g  sur-  
v i v a l ,  brownspot needle b l i g h t ,  and c o m p e t i t i o n  
from herbaceous v e g e t a t i o n  a l l  c o n t r i b u t e d  t o  low 
d e n s i t y  on longleaf  p l o t s .  Together t h e s e  fac-  
t o r s  e l i m i n a t e d  longleaf  completely from more 
than  one-third of t h e  i n s t a l l a t i o n s  where y i e l d s  
of two o r  more of t h e  major sou thern  p i n e s  could 
be compared and made i t  l e s s  p roduc t ive  t h a n  t h e  
b e s t  of t h e  o t h e r  t h r e e  s p e c i e s  i n  86 p e r c e n t  of 
t h e  remaining i n s t a l l a t i o n s .  

Research s i n c e  t h i s  s tudy  was s t a r t e d  has  
provided s o l u t i o n s  t o  t h e s e  problems. The 
problem of poor p l a n t i n g  s u r v i v a l  can be so lved  
by adopt ing  techniques  f o r  growing, h a n d l i n g ,  and 
p l a n t i n g  bare-rooted nursery  s t o c k  t h a t  a r e  
t a i l o r e d  t o  t h e  unique requirements  of l o n g l e a f  
p i n e  ( F a r r a r  and White 1983, Kais  e t  a 1  1981). 
Another a l t e r n a t i v e  i s  t o  p l a n t  v igorous  
container-grown s e e d l i n g s  on w e l l  prepared s i t e s  
( p e r s o n a l  communications, A. G. Kais) .  Thorough 
s i t e  p r e p a r a t i o n  may a l s o  a l l e v i a t e  t h e  problem 
of brownspot need le  b l i g h t  by promoting e a r l y  
r a p i d  h e i g h t  growth and removing t h e  s o u r c e  of 
brownspot i n f e c t i o n  ( F a r r a r  and White 1983). 
Other ,  perhaps s u r e r ,  methods of overcoming 
brownspot a r e  p l a n t i n g  brownspot r e s i s t a n t  
s e e d l i n g s  (Derr  1971, Derr and Melder 1970, 
Snyder and Derr  1972) o r  s e e d l i n g s  whose r o o t s  
have been t r e a t e d  wi th  t h e  systemic f u n g i c i d e  
benomyl (Kais e t  a l .  1981). 

The d i s c u s s i o n  must no t  end here :  t h e  i s s u e  
of p o t e n t i a l  b i a s  i n  t h e  procedures used t o  
a d j u s t  volunes should be addressed,  

S ince  s u c c e s s f u l  p l a n t i n g  of longleaf  
depends i n  p a r t  on d e s t r u c t i o n  of a l l  competing 
woody and herbaceous v e g e t a t i o n  ( F a r r a r  and White 
1983),  it could be argued t h a t  t h e  procedure 
used t o  compensate f o r  l a t e  emergence of longleaf  
from t h e  g r a s s  s t a g e  was biased i n  f a v o r  of 
l o n g l e a f .  Other s p e c i e s  should a l s o  b e n e f i t  from 
such thorough s i t e  p repara t ion .  The i n s t a l l a t i o n  
c i t e d  e a r l i e r  i n  t h e  paper ,  where longleaf  
o u t y i e l d e d  s l a s h  p ine  a t  20 y e a r s ,  p rov ides  some 
i n s i g h t  i n t o  t h e  s e r i o u s n e s s  of t h i s  apparen t  
b i a s .  The s i t e  was a  r e c e n t l y  abandoned f i e l d  
w i t h  ground cover  s i m i l a r  t o  t h a t  of a  thorough15 
prepared p l a n t i n g  s i t e *  At 20 y e a r s ,  average 
h e i g h t  of dominant and eodominant trees of t h e  



four species ranged only from 50.9 ft for 
longleaf to 53.2 ft for slash pine, and dif- 
ferences between them were not significant. 
Dominant and codominane longleaf had averaged 
only 4.0 ft shorter than the tallest of the 
other three species at 5 years, 4.2 ft shorter 
at 20 years, and 2.6 ft shorter at 15 years. 

It might also be argued that adjusting 
volumes to the average basal area of the 
installation to compensate for differences in 
density gave longleaf an undue advantage. 
Actually, the opposite is true. This adjust- 
ment eliminated any advantage longleaf may have 
had over lobLolly and slash pine because of its 
greater resistance to fusifom rust. Also, 
longleaf is capable of producing stands just as 
dense as the other southern pines if survival 
is high. In the installation cited above, 
longleaf stand basal-area equalled or exceeded 
that of the other species from age 15 onward. 
The adjustment, moreover, rendered non- 
signif icant a previously signif icant 1,258 f t3 
per acre difference in actual yields in favor 
of longleaf. 

Because compensation for stand density had 
greater impact on yields than adjustments for 
longleaf's late initiation of height growth, 
the potential for Pongleaf to compete favorably 
with other southern pines for planting on a 
particular site may be even greater than the 
doubly adjusted values indicate. Therefore, a 
conservative rationale for planting longleaf 
pine rather than loblolly or slash pine might 
be to opt for longleaf whenever anticipated 
losses in discounted value of plantations of 
the other specfes from mortality associated 
with fusiform rust exceed the higher costs 
associated with producing and planting longleaf 
seedlings. Longleaf pine might also be c:tosen 
over shortleaf pine in such situations because 
despite shortleaf's resistance to fusifom 
rust, actual 20-year yields of shortleaf pine 
were never significantly greater in this study 
than actual yields of loblolly and slash pines 
(Shoulders 1983). 
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Abstract.--The f a s t  i n i t i a l  growth r a t e  of l o b l o l l y  
p i n e  (P inus  t a e d a  L,) has  r e s u l t e d  i n  d d e s p r e a d  use of t h i s  
s p e c i e s  n o r t h  of i t s  n a t u r a l  range throughout Tennessee, 
wes te rn  Kentucky, and sou thern  I l l i n o i s .  Large amounts of 
A t l a n t i c  Coast l o b l o l l p  a r e  being planted i n  and n e a r  t h e  
Ouachita  Mountains, a l s o  t o  maximize growth r a t e .  These 
e x t e n s i o n s  of t h e  n a t u r a l  range a r e  t ak ing  the  s p e c i e s  t o  
t h e  l i m i t s  o f  i t s  co ld  and drought  t o l e r a n c e ,  and a 
c o n s i d e r a b l e  r e s e a r c h  e f f o r t  i s  being made t o  i d e n t i f y  t h e  
most co ld  hardy geographic seed sources  and i n d i v i d u a l  
f a m i l i e s .  This  r e p o r t  p r e s e n t s  t h e  35-year r e s u l t s  of a 
s tudy  t h a t  was begun i n  1950 t o  i d e n t i f y  the  geographic 
s o u r c e s  of l o b l o l l y  p ine  most s u i t a b l e  f o r  I l l i n o i s .  In  
a d d i t i o n  t o  obvious i n j u r y ,  such a s  need le  burn, damaged 
l imbs o r  t o p s ,  o r  o u t r i g h t  m o r t a l i t y  a t  an e a r l y  age,  i t  
appears  from t h i s  and o t h e r  s t u d i e s  t h a t ,  when l o b l o l l y  i s  
sub jec ted  t o  excess ive  cold- o r  drought-induced s t r e s s ,  
m o r t a l i t y  of dominant and codominant t r e e s  can occur a f t e r  
1 5  y e a r s  o r  more of vigorous growth. 

INTRODUCTION 

S e e d  orchards a r e  now t h e  major s u p p l i e r s  of 
l o b l o l l y  seed (P inus  t a e d a  I..) f o r  p l a n t i n g  i n  t h e  
South. The t r e e s  i n  most seed orchards  a r e  of 
local. o r i g i n ,  and t h e  s e e d l i n g s  derived therefrom 
a r e  i n t e n d e d  t o  be planted i n  a r e l a t i v e l y  small  
g e o g r a p h i c  a r e a  t h a t  g e n e r a l l y  corresponds c l o s e l y  
t o  t h e  a r e a  where t h e  orchard t r e e s  were s e l e c t e d .  
This  is  the  dominant p a t t e r n  of t r e e  improvement 
i n  t h e  S o u t h ,  and on ly  i n  compelling circumstances 
would a f o r e s t  i n d u s t r y  o r  agency d e l i b e r a t e l y  
choose a. non-focal seed source i n s t e a d  of seed 
f rorn t h e i r  p a i n s t a k i n g l y  developed and expensive 
o r c h a r d s .  

One i n s t a n c e  i n  which some i n d u s t r i e s  and 
agenc ies  have made j u s t  such a d e c i s i o n  has been 
i n  t h e  high-rust-hazard a r e a s  of M i s s i s s i p p i ,  
Alabama, Georgia, and South Caro l ina ,  where l a r g e  
a r e a s  have been planted t o  Livingston P a r i s h  
Loblol ly.  The only o t h e r  l a r g e  a r e a s  where 
non-local l o b l o l l y  seed sources  a r e  being used i n  
s u b s t a n t i a l  q u a n t i t i e s  a r e  i n  and near  t h e  
Ouachita Mountains of Arkansas and Oklahoma, 
throughout Tennessee, western Kentucky, and 
sou thern  I l l i n o i s .  The "compelling c i rcumstances"  
i n  t h e  Ouachitas  has been t h e  o p p o r t u n i t y  t o  
s u b s t a n t i a l l y  b e t t e r  t h e  growth r a t e  o f  t r e e s  from 
l o c a l  seed sources ,  Growth g a i n s  of about  8 f e e t  
i n  s i t e  index o r  20 percen t  i n  volume have been 
revealed by 25-year-old provenance t e s t s  near  t h a t  
a r e a  (Wells and Lmbeth  1983). I n  Tennessee, 

I/??aper presented a t  Southern S i l v i c u l  t u r a l  Kentucky, and I l l i n o i s ,  t h e  l a c k  of a l o c a l  seed 
~ e s e a r c k m  Conference, A t l a n t a ,  Georgia, mvember source has fo rced  t h e  s e a r c h  f o r  t h e  optimum 
7-8, 1 9 8 4 .  non-local one. 

2 / ~ r i n c i p a l  P l a n t  G e n e t i c i s t s ,  Southern 
 ores st Experirrrent S t a t i o n ,  Gul fpor t ,  HS, and North The recommended nor thern  l i m i t  f o r  l o b f o l l y  
C e n t r a l  Fores t  Experiment S t a t i o n ,  Carbonbale, IL, i n  I l l i n o i s ,  which was determined by 
r e s p e c t L v e l y .  The a u t h o r s  g r a t e f u l l y  acknowledge 
t h e  h e l p  of Wenry Barbour, WESTVACO; and John 
B r i s s e t  t e ,  Ross Melick, and Glendon Smalley , 
USDA-Forest Serv ice ,  i n  mapping t h e  a r e a s  where 
l o b l o l l y  i s  p lan ted  n o r t h  of i t s  n a t u r a l  range. 
We a r e  a l s o  a p p r e c i a t i v e  of the  h e l p  of David 
Scanlon and t h e  Tennessee Valley h t h o r i t y  (TVA) 
f o r  a c c e s s  t o  t h e  f i l e s  of t h e  1950 TVA seed 
source  ES tudy . 

exper imenta t ion  and exper ience  (Gilmore 1980), 
fol lows t h e  180-day contour of a f r o s t - f r e e  season 
very  c l o s e l y  (F ig ,  1 ) .  It i s  a p p a r e n t l y  a very  
c r i t i c a l  l i m i t ,  As noted by Gilmore, 30-year-old 
l o b l o l l y  p ine  of Maryland o r i g i n  s u f f e r e d  almost  
complete m o r t a l i t y  only 60 m i l e s  n o r t h  of t h e  
recommended l i m i t  when i t  was sub jec ted  t o  a 
record-breaking f r e e z e  i n  1977, 



Figure  1,--Frost-free period (days)  over  t h e  n a t u r a l  range of l o b l o l l y  
p i n e  (shaded) and t h e  p r i n c i p a l  a r e a s  where the range has  been 
extended by p l a n t i n g  (ha tched) .  

m e n e v e r  non-local sources  a r e  used near  o r  
beyond t h e  n o r t h e r n  l i m i t  of t h e  n a t u r a l  range, 
smal l  d i f f e r e n c e s  i n  co ld  t o l e r a n c e  become 
c r i t i c a l ,  and " f i n e  tuning" of i n d i v i d u a l  f a m i l i e s  
and geographic seed sources  t o  s i t e s  become 
necessary ,  The goa l  is  t o  f i n d  t h e  source  of seed 
having t h e  optimum combination of maximum growth 
r a t e  and minimum s u s c e p t i b i l i t y  t o  cold,  I n  
sou thern  I l l i n o i s  and Kentucky, which a r e  a t  t h e  
lhit of l o b l o l l y ' s  co ld  t o l e r a n c e ,  the  primary 
c o n s i d e r a t i o n  i s  t o  f i n d  t h e  seed source having 
t h e  most co ld  r e s i s t a n c e .  I n  somewhat mi lder  
a r e a s ,  such a s  t h e  Ouachitas ,  cold r e s i s t a n c e  i s  
g iven  s l i g h t l y  l e s s  m i g h t ,  and seed from sources  
sou th  of t h e  ex t remi ty  of t h e  n a t u r a l  range,  such 
a s  t h e  Coas ta l  P l a i n  of North Caro l ina ,  a r e  being 
used. Record co ld  i n  the Ouachitas  i n  & c a b e r  
1983 d m o n s t r a t e d  t h a t  North Caro l ina  Coas ta l  
P l a i n  l o b l o l l y  was s l i g h t l y  l e s s  co ld  r e s i s t a n t  
t h a n  l o c a l  Arkansas s t o c k ,  Darnage was most ly i n  
t h e  f o m  of need le  "burn" and was no t  considered 
heavy enough t o  d i s c o n t i n u e  use of l o b l o l l y  frorn 
t h e  North Caro l ina  Coas ta l  P l a i n  i n  t h e  Ouachitas  
(C. C, Lambeth personal  communication), 

There i s  s t i l l  some ques t ion  of which source  
has t h e  most cold-tolerance.  The c o l d e s t  p a r t s  of 
t h e  l o b l o l l y  range,  i n  terms of f r o s t - f r e e  season,  
a r e  i n  n o r t h e r n  Delaware, Maryland, and t h e  
Piedmont of V i r g i n i a ,  and a l s o  i n  a  very  smal l  
p o r t i o n  of t h e  sou thern  Appalachians a t  t h e  
congruence of Georgia, North Caro l ina ,  and 
Tennessee ( h e r e i n  c a l l e d  t h e  c e n t r a l - i n t e r i o r ) .  
The 180-day contour of f r o s t - f r e e  days touches t h e  
n a t u r a l  range a t  t h e s e  po in t s .  The p o r t i o n  of t h e  
n a t u r a l  l o b l o l l y  range i n  c e n t r a l  Arkansas is  
s l i g h t l y  wanner than  t h e  above a r e a s ,  s i n c e  i t  
averages s l i g h t l y  under 210 f r o s t - f r e e  days a  
year ,  Bur i t  t o o  i s  mong t h e  most hardy l o b l o l l y  
seed sources ,  

Long-tern t e s t s  a r e  t h e  only way t o  
e f f e c t i v e l y  d e t e r n i n e  t h e  most s u i t a b l e  seed 
sources ;  and f o r t u n a t e l y ,  our p redecessors  had t h e  
f o r e s i g h t  t o  e s t a b l i s h  a  network of provenance 
t e s t s  throughout Tennessee and t h e  Ohio River  
Valley. T e s t s  were e s t a b l i s h e d  on seven sites i n  
sou thern  I l l i n o i s  i n  1948, and they have been 
followed c l o s e l y  t o  t h e  p resen t  (Gilmore and Funk 



1977, Gi lmore  1980). On t h e  b a s i s  of 27-year 
p e r f o m a n  e e ,  Gilmore ( 1980) recommends 
s o u t h e a s t  -ern Arkansas seed f o r  sou thern  I l l i n o i s ,  
w i t h  Mary land seed a  second choice,  However, 
Barboar ( 19801, on t h e  b a s i s  of much younger 
t e s t s ,  re commends the  c e n t r a l - i n t e r i o r  p a r t  of t h e  
range f o r  a seed source f o r  western Kentucky, wi th  
Maryland s r  Arkansas a  second choice,  Mare 
r e c e n t l y ,  Rarbour ( p e r s o n a l  communication) has 
come t o  f a v o r  Maryland and n o r t h e a s t e r n  V i r g i n i a  
l o b l a l l y  f o r  western Kentucky. Apparenrly , 
d i f f e r e n c e s  i n  co ld  r e s i s t a n c e  among t r e e s  from 
a l l  of t h e s e  sources  a r e  no t  g r e a t .  

Anotlher s u b s t a n t i a l  seed source s tudy  was 
under take  si by t h e  Tennessee Valley Author i ty  (TVA) 
i n  1950 w i t h  t h e  e s t a b l i s h e n t  of e i g h t  p l a n t i n g s  
o f  s e e d l i n g s  from n i n e  seed sources  throughout t h e  
Tennessee Val l e y  and nor  t h e r n  Arkansas. A r e p o r t  
was publFshed by Zarger (1961) on t h e  b a s i s  of 
10-year r e s u l t s ,  a t  which time t r e e s  from t h e  
c e n t r a l - i n t e r i o r  p a r t  of t h e  range, ( n e a r e s t  the 
Tennessee Valley) were e x c e l l i n g .  A r e p o r t  on t h e  
n o r t h e r n  Arkansas p l a n t i n g  of the  TVA s t u d y ,  
i s sued  a f t e r  15  y e a r s  (Maple 1966), s t a t e d  t h a t  
t r e e s  f r o m  the  sou thern  Appalachians (analogous t o  
t h e  c e n t r a l - i n t e r i o r  a r e a )  and &ryland were 
e x c e l l i n g  . The northernmost of the  TVA p l a n t i n g s  
was e s t a b l i s h e d  on t h e  K a s h s k i a  Experimental 
F o r e s t  i n  Hardin County, sou thern  I l l i n o i s .  It 
has  been well-monumented and preserved by t h e  
North C e n t r a l  F o r e s t  Experiment S t a t i o n ,  and 
35-year r e s u l t s  from t h i s  s tudy  a r e  presented 
here.  

S e e d l i n g s  from a v a r i e t y  of geographic seed 
s o u r c e s  w e r e  being grown i n  TVA n u r s e r i e s  i n  1950, 
and s e e d l i n g s  from n ine  of t h e s e  were used t o  
e s t a b l i s h  the  t e s t  (Zarger  1961). Commercial 
c o l l e c t i o n s  of seed c o l l e c t e d  between 1946 and 
1948 were  used, and most c o l l e c t i o n s  involved seed 
from more than one county. Seedl ings were grown 
i n  two TirA n u r s e r i e s  i n  n o r t h e a s t e r n  Tennessee and 
n o r t h e r n  Alabama. 

The p l a n t i n g  i n  Hardin County, I l l i n o i s ,  was 
e s t a b l i s h e d  i n  Apr i l  1950. Spacing was 7 by 7 
f e e t .  A randomized complete block des ign  wi th  4 
b locks  o f  25-tree p l o t s  was used, and a s i n g l e  
border  r o w  was p lan ted  around each block,  
O b s e r v a t i o n s  and measurements were made a f t e r  5 
y e a r s  (Wiesehuegel  1955) , 10 y e a r s  (Zarger  1961) , 
1 5  y e a r s  (TVA unpublished d a t a ) ,  and 35 y e a r s ,  t h e  
s u b j e c t  o f  t h i s  r e p o r t ,  

U n i t s  of a n a l y s i s  were p l o t  means t h a t  were 
s u b j e c t e d  t o  a n a l y s i s  of v a r i a n c e  and Duncan's new 
m u l t i p l e  range t e s t .  

Trees from the  mi ldes t  c l i m a t e s  ( s o u t h e r n  
hlabma, e a s t - c e n t r a l  X i s s i s s i p p i ,  and t h e  South 
Caro l ina  eoas t a l  p l a i n ) ,  and a l s o  those from 
nor thern  M i s s i s s i p p i ,  began t o  d i e  i n  i n c r e a s i n g  
numbers a f t e r  t h e  10 th  year  u n t i l ,  a f te r  35 years, 
none of the  r e l a t i v e l y  &Id-cl imate t r e e s  had 
b e t t e r  than  20 percen t  s u r v i v a l  (Fig.  2 ,  Tab le  I ) ,  
Trees of Tennessee, nor thern  Alabama, and n o r t h e r n  
Georgia o r i g i n  had the  b e s t  s u r v i v a l  (42 t o  33 
percen t )  a f t e r  35 y e a r s ,  and t r e e s  from %ryland 
and V i r g i n i a  were i n t e m e d i a t e ,  having about  
28-percent s u r v i v a l .  Survival  near  40 p e r c e n t  a t  
35 y e a r s  would be about average f o r  l o b l o l l y  p ine  
p l a n t a t i o n s  i n  t h e  western Gulf Coastal  P l a i n  
(Feduccia  and o t h e r s  1979),  so t r e e s  from the 
t h r e e  b e s t  seed sources  have not  s u f f e r e d  undue 
m o r t a l i t y  above t h a t  caused by normal suppress ion .  
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Figure 2.--Survival over  y e a r s  f o r  l o b l o l l y  
p ines  from n i n e  seed sources  planted i n  Hardin 
County, ( s o u t h e r n )  I l l i n o i s .  

Trees of Maryland and V i r g i n i a  o r i g i n  had 
below average s u r v i v a l  t h e  f i r s t  year  a f t e r  
p l a n t i n g  but  d id  no t  have a  p r e c i p i t o u s  d e c l i n e  i n  
s u r v i v a l  a f t e r  10 y e a r s ,  a s  did t h e  
above-mentioned t r e e s  from M i s s i s s i p p i ,  Alabama, 
and South Carol ina.  

Di f fe rences  i n  he igh t  o r  diameter  were smal l  
and s t a t i s t i c a l l y  non-s ign i f ican t  a t  35 y e a r s  
(Table 1 ) .  

DISCUSSION 

The c r i t i c a l  t r a i t  f o r  d i s c r i m i n a t i n g  antong 
l o b l o l l y  seed sources  i n  the  sou thern  I l l i n o i s  
t e s t  is m o r t a l i t y  over  time, Growth r a t e  
d i f f e r e n c e s  have been suppressed i n  what a r e  
e x t r m e  c l i m a t i c  condi t ions  f o r  l o b l o l l y .  



Table l .--Survival,  h e i g h t ,  and d.b.h, of l o b l o l l y  p ines  from n i n e  
seed sources  grown i n  Hardin County, I l l i n o i s ,  f o r  35 y e a r e /  

Seed 
source  Surv iva l  Height D.B*He 

( p e r c e n t )  ( f e e t  ) ( i n c h e s )  

Southern TX 
g o r t h e r n  AL 
Northern GA 
Mary land 
Southeas te rn  V.4 
Southern A t  
Kor theas te rn  PIS 
Eas te rn  MS 
SC Coas ta l  P l a i n  

42 a 
37 ba 
33 cba 
24 dcb 
22 dc  
19 dc  
14 ed 
10 ed 
03 e 

l / ~ e a n s  o p p o s i t e  t h e  same l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  a t  -..... 
t h e  0.05 percen t  l e v e l .  

The r e s u l t s  provide evidence t h a t  t h e  e f f e c t s  
of co ld  may n o t  mani fes t  themselves only i n  a 
s t r a i g h t f o r w a r d ,  obvious f a s h i o n  l i k e  need le  burn, 
damaged limbs o r  t o p s ,  o r  o u t r i g h t  m o r t a l i t y  a t  an 
e a r l y  age. The long-term m o r t a l i t y  r a t e  may be 
c r u c i a l  t o  choice of seed source. More evidence 
of t h e  same e f f e c t  comes from long-tern provenance 
t e s t s  t h a t  i n c l u d e  Liv ings ton  P a r i s h ,  Louisiana,  
l o b l o l l y  and o t h e r  seed sources  o r i g i n a t i n g  n e a r  
t h e  Gulf Coast. When s e e d l i n g s  from t h e s e  
rnild-climate sources  were planted i n  sou thern  
Arkansas and t h e  Piedmont of Georgia and Alabama, 
they developed s a t i s f a c t o r i l y  a t  f i r s t ,  but a f t e r  
about  20 y e a r s  i n  some p l a n t i n g s ,  and fewer i n  
o t h e r s ,  m o r t a l i t y  of dominant-codominant t r e e s  
began t o  occur  a t  an excess ive  r a t e  ( V e l l s  and 
L a b e t h  1983, Wells i n  p ress ) .  Cause of t h e  
m o r t a l i t y  was n o t  o u t r i g h t  cold damage, but i t  was 
c e r t a i n l y  r e l a t e d  t o  t h e  move i n t o  a c o l d e r  
c l i m a t e ,  s i n c e  more l o c a l  s tock  was unaf fec ted .  
Perhaps environmental s t r e s s  weakens the  
w m - c l i m a t e  t r e e s  t o  t h e  p o i n t  where they become 
s u s c e p t i b l e  t o  common p e s t s  l i k e  bark b e e t l e s  o r  
r o o t  r o t s ,  A few t r e e s  may d i e  each year ,  a s  i n  
t h e  sou thern  I l l i n o i s  t e s t ,  o r  many may d i e  i n  a 
s h o r t  per iod of time, a s  i n  t h e  sou thern  Arkansas 
t e s t .  Overstocking may exacerba te  t h e  s t r e s s .  
This  phenoaenon i s  probably s i m i l a r  t o  t h a t  
repor ted  i n  provenance t e s t s  i n  e a s t  Texas (Long 
1980), There, l o b l o l l y  o r i g i n a t i n g  e a s t  of t h e  
H i s s i s s i p p i  River  experienced m o r t a l i t y  of 
dominants and codominants s i m i l a r  t o  t h e  type of 
m o r t d i t y  repor ted  here,  In t h e  Texas rests, some 
a s p e c t  of drought ,  not cold,  was assumed t o  be 
r e s p o n s i b l e ,  but  perhaps t h e  key is  s t r e s s ,  
whatever t h e  cause,  

Short-term l a b o r a t o r y  t e s t s  t o  speed up t h e  
s e l e c t i o n  s f  cold r e s i s t a n t  f a m i l i e s  of l o b l o l l y  

p ine  a r e  being developed (Kolb 1984) and should be 
very u s e f u l ,  but a t  l e a s t  some t e s t s  near  t h e  
a b s o l u t e  l i m i t s  of l o b l o l l y ' s  range should be long 
term, l i k e  t h e  presen t  one. The c l i m a t i c  even t  
t h a t  may provide t h e  u l t i m a t e  t e s t  of a d a p t a b i l i t y  
may no t  occur f o r  a long time. I f  one c o n s i d e r s  
i t  necessary t h a t  t h e  t r e e s  under t e s t  wi ths tand  a 
100-year f r e e z e ,  then t h e  wai t ing  period becomes 
very  long indeed. Most land owners o r  f o r e s t e r s ,  
however, would accep t  g r e a t e r  r i s k  o r  adopt more 
l i m i t e d  o b j e c t i v e s .  A r e a l i s t i c  o b j e c t i v e  i n  
sou thern  I l l i n o i s  o r  western Kentucky would be t o  
produce pulpwood on a 20- t o  30-year r o t a t i o n  and 
accep t  minor damage, such a s  some broken t o p s  o r  
l imbs,  during t h a t  per iod.  Obviously, r h e r e  is  a 
b e t t e r  chance of growing a s a t i s f a c t o r y  c rop  over  
a s h o r t  per iod than  a long one, and q u a l i t y  
d e f e c t s  a r e  of less concern i n  pulpwood than  i n  
sawlogs. Trees from t h e  b e s t  l o b l o l l y  seed 
sources  seem capable  of p e r s i s t i n g  i n  s a t i s f a c t o r y  
f a s h i o n  f o r  a t  l e a s t  20 t o  30 y e a r s  i n  sou thern  
I l l i n o i s  and western Kentucky, I f  sawtimber 
r o t a t i o n s  a r e  t h e  g o a l ,  a s  would be t h e  case  l o r  
most non- indus t r ia l  landowners, l o b l o l l y  may n o t  
be t h e  s p e c i e s  of choice. In  sou thern  I l l i n o i s ,  
s h o r t l e a f  p ine  has  s lower i n i t i a l  growth r a t e  than 
l o b l o l l y ,  but i t s  s u r v i v a l  over  t h e  long t e r n  is  
b e t t e r  (Gilmore and Funk 1977). 

Sawlog r o t a t i o n s  f o r  l o b l o l l y  of optimum seed 
source  may w e l l  be f e a s i b l e  i n  t h e  h a c h i t a s ,  
where t h e  c l i m a t e  i s  s l i g h t l y  wanner than i n  
sou thern  I l l i n o i s  and Kentucky, In 25-year-old 
provenance t e s t s  about 50 m i l e s  sou th  of t h e  
Ouachitas ,  t h e  only l o b l o l l y  popula t ions  t h a t  have 
per fomed poorly a r e  those  f r o n  near  t h e  Gulf 
Coast (Wells and Lmbeth  1983). Trees from t h e  
A t l a n t i c  Coast sources ,  which a r e  being used t h e r e  
the  most, a r e  p e r f o m i n g  p a r t i c u l a r l y  w e l l .  



CITED 

Barbour, K. F. 
1980, Loblol ly seed source  f o r  west Kentucky. 

P r e s e n t a t i o n  a t  Southeas te rn  F o r e s t  Tree 
3 u r s e r y n a n 1 s  Conference, September 2 ,  1980. 
8 P* 

F e d u c c i s ,  D. P., T. R. De l l ,  W. F, Mann, Jr., 
T. E. Csmpbefl ,  and B. B. Polmer. 

1979. Yields  of untkinned l o b l o l l y  pine 
p l a m t a t i o n s  on cu tover  s i t e s  i n  t h e  Western 
Gulf region. USDA Fores t  Serv., Southern 
F o r e s t  Exp. Stn Res, Pap. SO-148. $8 p. 

Gilmore, A. R. 
1980. Extending t h e  range of l o b l o l l y  pine i n  

t h e  Miss i ss ipp i  River  Valley: Fac tors  r e l a t i n g  
t o  g r o w t h  and longevi  t y .  In: Proceedings, 
1 9 8 0  Southern Kursery Conference, 
September 2-4, Lake Barkley , KY. F r a n k f o r t ,  
KY, Kentucky Div is ion  of F o r e s t r y ,  p, 8-14. 

Gilmore, A. R.,  and D, T. Funk. 
1977. Shor t lea f  and l o b l o l l y  pine seed o r i g i n  

t r i a l s  i n  sou thern  I l l i n o i s :  27-year r e s u l t s .  
In: Central  S t a t e s  F o r e s t  Tree 
Conference  Proceedings. p. 11 5-1 24. 

Kolb, T* E. 
1984. Cold t o l e r a n c e  v a r i a t i o n  among f a m i l i e s  

o f  L o b l o l l y  pine. Univers i ty  Park,  PA. 
P e n n s y l v a n i a  S t a t e  Univers i ty .  Thesls .  91 p. 

Long, E. M. 
1980. Texas and Louisiana l o b l o l l y  p i n e  s tudy  

eonf inns  importance of l o c a l  seed sources .  
South. J, AppL. For, 4 ( 3 )  : 127-132. 

Maple, W e  R, 
1966. Appalachian l o b f o l l y  grows wel l  i n  

Arkansas Ozarks. UfDA Fores t  S e w , ,  
Southern F o r e s t  Exp. Stn Res. Note SO-33, 
2 Po 

Wells ,  0. 0. 
1985. Use of Livingston Pa r i sh  l o b l o l h y  

pine by f o r e s t  products  i n d u s t r i e s  i n  t h e  
s o u t h e a s t e r n  United S t a t e s ,  South, J. Appl. 
For. ( i n  p r e s s ) ,  

Wells,  O. O,, and C. C. ' m b e t h .  
1983. Loblol ly pine provenance t e s t  i n  

sou thern  Arkansas-25th year  r e s u l t s .  
South. J. Appl, For. 7(2)  : 71-75, 

Wiesehuegel, E. G. 
1955. Loblo l ly  pine geographic seed s o u r c e  

t e s t s  -- f i v e  1955 year  r e s u l t s .  In: 
Proceedings, Third Southern Conference on 
F o r e s t  Tree hprovement  , New Or leans ,  
Loui s i a n a  , Jan. 5-6. 

Zarger ,  T. G. 
1961. Ten year  r e s u l t s  on a  coopera t ive  

l o b l o l l y  pine seed source  t e s t ,  In: 
Proceedings,  6 t h  Southern F o r e s t  T r e e  
Improvement Conference. p. 45-51 . 



evalm"c in m a t t m t  to  
rqmeration prior to f i n d  
s tmd in southern &dima, 
s t w k k g ,  m ~ i c b g  of ml 
mderstcary v e g e ~ t i o n  using 
intem1m"cng of 
L*) s t w k  m s  per 
t l -nhhg  and to ta l  vegetation control successful h 
m r o v h g  e s w l i  natural and a r t i f i c i a l  adviu7cd 
mk rqeneration, with a release b r v e s t  prsbable after  5 
years, 

oak regmeration is rarely present 
jir, to replace a stand wim an 
mk t o  s r  greater ~m ais td  in 
~e %is "oak rqeneration 
problm" p r s i s t s  mrough~ut the ~ L m d  oak 
r q i m .  Failure to  find solutions to  th is  
problm my  cawe signifi  chmges in future 
avail&iLity of oak spe?cies to  the forest product 
hdus t ry ,  

If @ rwmeration is not well established 
at hrvest,  it is unlikely trhat or-lk w i l l  be a 

~ e s e  s twkhg  levels, &bg up only 2 - 10% of 
n m  sW& rqardZess sf the silviculturai sys tm 
(Watt, 1979; Smder, 1979; Pischer and Bolt, 
19B; rllliftis, L9fa31, 

Paper presented a t  the Southern 
SilviculturaL Research Co~erence, AtZmtra, 

msociate Paafessors 
~ ~ b d  P r o f w s o r ~ ~  of Forestry and 
Btraral &sczmres, &r&e University, W. 
Wayette, I N  4?%7 

Part iaf cutt  ing to  reduce sver story density 
my be c&hed with p l a t i n g  to  -rove advaned 
regerteratisn [J~hdls~ill, f 976; Wetldrrl, 1980) . 
In i t ia l  survival of planted m a i n g s  is usually 
a d w a t e ,  ht they f a i l  to  c o m t e  with other 
types of vegetation a d  herbceous invaders. 
91.lis is w p i a l l i y  true an good si tes.  Oak stw 
sprouts on the other hand, w i l l  c o w t e  and 

have a t  least one doninant or 
w i l l  produce a good 
, 1976; Johnson, 

1977; J o b o n  and Rogers, 19m) . 
Conrtbining ~ h h g ,  weed control, and sprout 

lnderfer, 1982). To prevent destruction of 

wek prior t o  herbicide ~ l i c a t i o n ,  The 3 in. 
E g t  is chmm beeawe 

spray e e i l h g  of the dst blwer. 

WortwatePy, p t  oak plantings have 
trated dizouragingly slow early gr 
frecqumq of d i h c k  (mder e t  &I. 

%is is attr&ut& to a rsot- 
w e &  tkr? relative rat io sf 



morrpt ion  (Garrett e t  a1 , , 197 91 . A n 
cu l tu ra l  mthods have been used t o  ta i lor  the oak 
s e d l i n g  t o  i ~ r o v e  th is  bdtzu?ee in  favor of the 
roo t s .  Inoculation with se lwted  ectowcorrhizal 
fungi, coupled with fo l ia r  fe r t i l iza t ion  in the 
nursery improved black oak root b i  
and Leaf 1979) but f 
a s ign i f  
(Bixon , 1 . Cxan~inerization, 
toppruning , mlching a d  fer t i l iza t ion  Mve 

d l  I ~ t e d  success in  -roving oak 
l i s b n t  ( M d e l  , 1980; Pope, 1981; J o w o n ,  

1 9 M ) .  

A c o b b t i o n  of cultur 
necessary t o  successfully es 
regmeration. Haw much can 
t o  t o  increase the oak 

for high w a l i t y  oak in  the 
afford not t o  spend what is 

ry? This study examines a c d h a t i o n  of 
ve cultural treatments designed t o  insure 
e advanced oak regeneration a t  f ina l  

harvest  tim. 

The objectives of the study were t o  evaluate 
coppicing , t o t a l  vegetation control with 
mist-blown herbicides, and s ix  types of planting 
sto@k in e s w l i s h k g  advancd m k  regaerat ion in  

micallgr t h h d  iand un~innrsd stands. 

The Study Area 

The study is being conducted a t  the Southern 
Purdue Agriculture Center on unglaciatd 

one-shale derived so i l s ,  These so i l s  are 
representative of about a million acres of uplmd 
forestland in Ind' The predodnate s o i l  type 
w a s  a Gilpin silt (Ultic Hapludalf) with 6 - 
20% slopes and a e r ly  as mis soil 
occurs on upland s i t e s  and is l y  forested 
due t o  s l o p  steepness. It is well drained and 
moderately permeable, with a 42 in, depth t o  
s i l t s tone  bedrock. 

ha3 with northern red 

m e  e v r k n t a l  design for the sku* ws a 
wlit-mlit plot  with &ole mi& a r r m g d  in  a 
rmdoldzed c o q l e t e  blwk design. mere  were four 
blocks, two plots ( m a i m e d ,  a im&)  , two 

s (control, t o b l  vqeetsion 
control w i t h  &st-bl herbicides), and s ix  
sub-sub plots  (s ix types of p l m t h g  s t o c k )  me 
t o t a l  study area w a s  8 acres, 

The f i iming  @ z e  0% the stu* 
cwleted In  1981 u s h g  a kefler-bwcher to 
r a v e  h o l e  t rees 4 - 

L 

ees 

B e  basal mea wits redwed from 905 ftlacre 
(> 2 in, a h )  t o  65 ftfacre by the ~ i m L q g  
operation ((;*son e t  a1 . , 9 982) The mthinn& 
plots  were adjacwt t o  the aim& x e a  a d  
averaged 77 f t lacre  h s a l  area. 

Cornicing of CEak Stem 

All oak  advmcd rqeneration greatek: I2-ia.n 
4.5 f t ,  t a l l  (and < 3 hehes stw di  
coppiced using a chainsaw or haind pmers i n  
August 1982. The coppicing was cowle t& two 
weeks prior t o  the &st-blowhg trea-nt "co 
prevent herbicide uptake by the coppiced & 
stenas. A l l  coppic& st- were tagged so sprout 
d e v e l o p n t  could bc; mnitored. Only sprou"r= in 
the to t a l  vqeta t ion  control t r e a w n t s  Tisere 
coppied, 

Herbicide mliatissr 

r f , 1982 a 3 gallon Soso (Mde1 

(Michx, f .I fern, 

To iassess w& control success md &termine 
the degree of wockdy on for the ozik 
regeneration, L m x v q e t a t i m  

the herbicik 
s m l e )  , Species, total height, 

assess W& mntrol, 

Six ta~pes sf plmting s t w k  were 
wderplanted ~ b l  a 3 m x 3 m v c k n g  in all 

s ,  Sixtea s d l i n q s  o f  each 
s t w k  t w  were plmk& in  mch 1/2 acre 
t r a m a t  &--lot for a total of 1536 swaingr ;  



on the study area. The stock types were: 1) 
containerizd northern red 

con~inerizd W ,  3 )  hre-root 1-0 
inoculated wia 41 

1-0 NROr 5) bare-root: 1-0 W g 
1 subirrigatd bed 

2-0 P.IRL) g r m  in subirrigatd 

Tfie containerized sedlhgs were gr 
sbdehouse for one grwing season in 160 m ( 4  cm 
x 4 m x LO em) v o l e  containers filled with a 
peat-ver~culite-soil ptting m;irxture. !The & 
mychorrizal inoculm was a pat-vemiculite d i a  
which was irtcorgorated into the sterilizd ptting 
soil of the inoculation treaments at a rate of 
200 d/ft of s area, The bare-root 1-0 
seedlings were in conventional nursery M s  
at the Jasper- i State Nursery. The EX 
inoeulm was incorporated at a rate 
into the inmulatioh treahnent se 
hand-tilling to a depth of 6 inches 
rows. The bare-root 1-0 and 2-0 subirrigated MiO 
seedlings were gr in evrimntal containerized 
seedbeds at the Vallonia State Nursery. The 
silica-sand rooting rnedia was subirrigated to 
mintain a constant water table under the beds cand 
a free water supply. The water table restricted 
tap root leng~ to approximately 18 cm (1-0) and 
25 m (2-01 . Z'he subirrigation is designed to 
eliminate wounding from severe root pruning and 
stimulate lateral root fomtion, All plasl&hg 
stock was graded prior to planting to insure 
uniformity within stock types (Table 1). 

Table 1.-Initial, size of northern red oak 
planting stock. 

of Dimeter '/ Height wcorrhizal 
stock mean mean inf ect ion 

hurl) (m> (%I  

C O P 1  2/ 5 -1 
C O w m  4.7 
l3R-I 7.1 
BR-NI 6.6 
BR-S 1-0 3.5 
m-S 2-0 5.l 

'/ Measured 2 cm above root collar. 

COErr-I = containerized - inoculated with & 
fY>Whq = containerized - non-inoculated 
BR- I = bare-root 1-0 - inoculatd 
BR-NL = bare-root 1-0 - non-inoculated 
BR-S 1-0 = bare-root 1-0 - subirrigated 
BR-S 2-0 = bare-root 2-0 - subirrigated 

3/ 76% of total infection was EL. 

4/ Infection due to natural forms of qcorrhizae, 
49% of which was terrestris. 

FJ& Control 

One-year after the herbicid 
of the understory vwetation 15 
controll& in the 
control (m) trea and 73% in the aim& 

vqetation respectively, was > 25% Wpkilled by 
the herbicides. Virtually all of the herbaceous 
vqetation was controlled by the non-selwtive 
herbicide trea-nt. tJatura1 mrtality in the 
m t h ~ e d  and thimed control, 26 and 14% 

ly, was enchanced by severe drought in 
of 1983. The 15% difference in weed 
tween the mainned and thinned TVC 

treatntents was due to the large number of sprout 
ting from the 1981 thimkg. The 
of foliage surface area of the sprout 
ot translocate a lethal dosage of 

herbicide to the large, established root system, 
Z'he carry-over of weed control into the 1984 
growing season was good despite the fact that 
glyphosate has no residual activity and triclopyr 
has little. Therefore, no additional weed control 
was necessary during the 1984 growing season. 

Seedling Survival 

After two years, seedling survival (Table 2a) 
was significantly greater (p < 0.05) 75%; for 
see ~-innedWC ts cowred 
to ols, 64%. ends are 
consistent across all seedling types with the 
exception of the bare-root 1-0 and 2-0 
subirrigated seedlings, which displayed no trends 
between treatments, Containerized seedlings 
displayed the largest response to both thinning 
and TVC while bare-root stock responded 
significantly to either TV"C (81-83%) or thiming 
alone (72-84% 1 , when c red to mthinned 
controls (62-66%) . 

Inoculation had no significant effect on 
survival (Table 2b) for either the containerized 
or bare-root stock, with the exception of the 
thimed-eontrol treatment, Overall, bare-root 
stock survival averaged 10% better than container 
stock (78% versus 68%). Bare-root 1-0 
subirrigated seedling survival was significantly 
greater than bare-root 2-0 seedlings, averaging 
20% better across all treatments (72% versus 52%). 

Seedling Total Height 

Total height (Table 2a) after two years was 
signifimtly greater (p < 0.05) for all seedlings 
receiving thinning or TtfG, and was improved 
further for the containerized seedlings by the 
conrbination of thinning and TK. Containerized 
seedlings averaged almost double (57 m vs. 28 m) 
the total height of the unthinned-eontrol 
trea 1-0 seedlings receiving 
some ere 41% taller on the 
average than unthinned controls. The bare-root 
1-0 and 2-0 subirrigated seedlings which had s h m  
no significant trends in survival reflected 
improved total height by the addition of at least 
one type of cultural treatment. 



rmaula t ion  with & had no significant effect 
on t o t a l  height (Table 2b) of the containerizd or 
ba re - rmt  1-0 seedlings, Bare-root 2-0 
subirr igated s t o c k  w a s  s i g n i f i m t l y  t a l l e r  in  a l l  

s than the bare-root subirrigated 1-0 
averaging 7 cm (34  cm vs. 27 cm) across a l l  

s, This is prdably  due t o  the larger 
i n i t i a  s ize oE the bare-root 2-0 sb i r r iga t ed  
s e d l i n g s .  

Net Height Gr 

ear height gr (Table 2a) was 

percent of the seedlings in  the unthinned-control 
were brcrwsed, primarily by deer, c o w r e d  t o  only 
13% of the seedlings in  the thinned TVC. This 
resu l ted  in  vigorous la te ra l  or basal sprouts, 
Brmsing nay par t ia l ly  account for the survivdl 
decrease for t h i s  treament . 

bare-ro& 1-0 subirrigated and 2-0 seedlings, 

Coppice Total Height arid r of Live Sprouts 

stems coppiced in the thinned area prior 
t o  the herbicide treatment were significantly (p  < 
0.05) t a l l e r  than those in  the unthinned area (79 
cm and 60 cm respectively). Vigor of the stump 
sprouting was indicated by the larger number of 
l i ve  sprouts per stump in  the thinned area (5.4 
sprouts/st 4.1 sprouts/stump) and multiple 
f lushes of . 

parameters for s e d l h g s  a f t e r  
two years by s t w k  type, thimed or un"chim&, 
and mderstory t r e a m n t .  

we 
St?condl Total Height 

Stock/ Year Height Gr 
m k i n g  Treatment Surviml Year 2 Year kl. 

( % f  ( m.) (cm> 

Unthinned c o n t ~ p l  64a1/ 31a 12a 
TVC 62a 4% 9b 

Thinned conk r 01 62a 47b 8b 
TVC 7% 57c ?kt 

Unthimed eont r 01 6% 26a 9a 
WC 6% 46b % 

'J[lnhed cont r 01 62a 47b 7b 
31X: 80b 56c 7b 

IBR-I 

Unthimed control 66a 33a 9a 
TtTC 83b 50b 6b 

n i n n d  control 8iab 46b 5c 
TVC 87b 47b 4c 

U n t h h d  contr 01 S2a 35a 9a 
TVG 81c 50b 6b 

Thinned cant ro l  72b 47b 5b 
TVC 87c 4% 4b 

BR-S 1-0 

-inned control 67a 21a 8a 
TK 87b 2% 6b 

Thinned contr 01 5% 28b 5b 
TVC 77d 2% 5b 

BR-S 2-0 

m e  "thinning-£ rmbelow accomplished the 
60% overstory stocking prescribed by Sander (19791 
(based on stocking guides developed by Gingrich 
(1967) for upland har&cxx3s) t o  regenerate oak 
successfully, The main difference is the s ize  and 
qual i ty  of residual t rees  l e f t  i n  t h i s  s tmd,  
This study r a v e d  small t rees  while 
n o m l  shelterwood cuts  s m  of the 
&inants and codomkt  phase of t h i s  
study, &ether a n o ~ e r  t h k i n g  or final harvest, 
w i l l  y ie ld  a very high value product. Over the 
5-10 year interval between i n i t i a l  a i m i n g  and 
the next harvest or release, growth w i l l  be 
concentrated on higher value crop t rees  a s  they 
benefit  from the decrease in  moisture and nutrient 

t i t i o n ,  

Unthimd control 5 9a 30a 6a 
TVC 75b 35b 4b 

Thinned cont r 01 33e 33b 4b 
TVC 41cd 37b 36 

1/ r s  followed by the s 
eul  t rea tmats  are no 
different (p < 0.05) based on Duneran's s l t i p l e  
range t e s t .  

2/ TVC = t o t a l  vegetation control 



Table 2b.-<rmh par t e r s  for seedlings af te r  
two years by thim& and un th imd  understory 
t r e a w n t s  and s tmk type. 

- - - _ I _ - - - -  
-- 

*t 
Second- Total Height 
Year Height GrWh 

Trea-nts S t x k  Survival Year 2 Year 2 
($1 (an) (an) 

- Controls COW1 64ab 31cd l2c 
aW-NI 6% 26b 9.2 

BR-I 66ab 33cd 9b 
BR-NI 62b 35de 9b 
BR-S 1-0 6% 21a $ab 
BR-S 2-0 5% 30c 6a 

CX>NT-I 62a 49cd 9b 
OON]["m 69ab 46c 9b 
BR-I 83d 50d 6a 
BR-NI Bled 50d 6a 
BR-S 1-0 87d 2% 6a 
BR-S 2-0 75bc 35b 4a 

- Controls ~~1 62b 47c 8b 
C O W N I  62b 47c 7b 
BR- I 84d 4 6 ~  5a 
BR-l!JI 72c 47c 5a 
BR-S 1-0 5% 2 8a 5a 
BR-S 2-0 33a 33b 4a 

CX>WI 7% 57d 7b 
C W N Z  80bc 56d 7b 
BR- I 8 7 ~  4 7 ~  4a 
BR-NI 8 7 ~  4% 4a 
BR-S 1-0 77b 2 9a 5a 
BR-S 2-0 41a 37b 3a 

1/ r s  followed by the s 
stock types are not signficantly different (p < 
0.05) based on Duncan's multiple range. 

Frequently, overtopped or intermediate oaks 
in  a stand are as old a s  their  dominant or 
codominant neighbors. HcGee (1981) found tha t  
overtopped white oaks 6-12 inches dbh with good 
stem form and adeguate cr 
release. 
poor form 
sprouting y is high (Johnson, 1977) and 
a m r e  vigorous higher quality t ree  w i l l  probilbly 
develop. -=nerally, the large n 
that  form in i t i a l l y  w i l l .  naturally thin t o  2 or 3 
by year l!jr with ocmsional stws neding 
th innbg t o  get a single, good quality stem. 
Cowicing of oak has proven successful in  t h i s  
study with m l t i p l e  flushes resulting in  30-40 

of the dcrminant sprout. 
fai led t o  sprout 
ed seedlings (4.5 

o produced vigorous sprouts. 
Comleting the coppicing a t  a time when 

carbhydrates are a t  a peak, such as 
, w i l l  a lso iq rove  sprouting success. 

Broadcast back-pck herbicide applications to 
large acreages are costly ($65.00 per acre to t a l  
cost i n  t h i s  study) and labor i n t w i v e ,  WWe~er, 

my reduce transloeation md deerease control. 
Glyphosate alone a t  1.5 l b  aeiacre has providd 
satisfactory understory control a t  anomer 
s o u ~ e r n  Indima s i t e ,  but without the carry-over 

t h i s  study (John Seifert,  personal 

Fal l  planting is not usually a rec ed 
practice for bare-root hardrsood stock in  ern 
Indiana, t o  the threat of f ros t  heaving and 
animal e. In contrast the early 
establ is of container stock (frost  heaving is 
not a problem with containerized stock) should be 

val and f i r s t  year growth, 
since root gr may begin shortly a f te r  

winter a f te r  planting and lack 
of deep freezing prevented f ros t  heaving of the 
bare-root seedlings in  t h i s  study. However, 

of these f a l l  planted seedlings 
(12-16 cm) still was not adequate t o  keep up with 
natural sprouts. The question comes t o  mind-why 
interplant a stand that  has oak coppice, with 
seedlings that  a t  best may grow a t  a rate  of only 
25% tha t  of sprouts. 

The slow growth rates  for the f i r s t  two 
growing seasons (12-16 cm and 3-12 an) may be 
part ly attributed t o  the severe drought in  summer 
of 1983 and prolonged dry spells in the surnmer of 
1984. However, the seedlings infected with 
nycor rhizae should have been better drought 
avoiders and should have recovered better a f t e r  
these dry conditions ended (Dixon e t  a1 . , 1980) . 
This was not the case. Inoculation apparently 
provided no significant benefits t o  seedling 
survival or height growth. The nrycorrhizal 
condition has been reported t o  reverse i t s e l f  
a f te r  outplanting (Shemakhanova, 1962). This may 
have been the case here, however no seedlings were 
reassessed t o  verify i f  t h i s  occurred. The 
reversal 1s due t o  unfavorable edaphic conditions 
such as s o i l  moisture level,  f e r t i l i t y ,  texture, 

rature, pH, or presence of antagonistic forms 
of natural fungi (Wright , 19799 . Also, 
colonization of the non-inoculated seedlings by 
mtu ra l  forms in the nursery (17-24% infection) or 
af t e r  outplanting my have masked the benefits of 
the inoculation with E% (42-48% inf ectionl . 

The additional expeme of growing, 
transporting and planting the containerized 
s e d l i n g s  does not s t ied af te r  two 
grawing seasons, when red t o  bare-root 1-0 
nursery stock. It is that  the planting 
of a containerizd seedling wlth an undisturbed 
root s y s t a ,  a high rmt:shmt rat io,  ideally 
hardend off and ready t o  plant, would resul t  m 

anting shock, better survival, and ear l ie r  
f Tinus, 197 9) . Hmever , the smaller 



dimeter seedlings were easy prey for rodents, and 
sometims selectively browsed by deer due to their 
sucalent nature and high salt concentrations. 

was slightly -roved for the 
container seedlings, so benefits my still be seen 
in later years. 

The seedlings grown in subirrigated M s  
exhibited the slowest rates and poorest 
survival of the six st s, !&is m y  be due 
in p r t  to the smller dimter and height of this 
stock, but a compicuous lack of any mycorrhizal 
developnt of the root systw m y  have 
con;ftributed to the poor pe 

ae are the primary or 
mycorrhial plants (Harley, 1969) , 

The addition of at least one cultural 
treatment was beneficial to the survival and 
establishment of the oak coppice and planted 
seedling in all cases. Wen both thinning and 
total understory vegetation control were combined, 
survival and growth of containerized seedlings 
increased even mre. The increase in available 
light, nutrients, and moisture from thinning and 
TiC have aided in establishment of this advanced 
oak regeneration. If the growth rate of the 
planted oak seedlings improves in year 3 or 4 then 
the site preparation treatment was probably 
successful in giving the seedlings the head start 
needed to comgete with invading vegetation. 
However, it is doubtful that the planted seedlings 
will keep up with the coppice regeneration. 
Release of the advanced regeneration will take 
place in 5-10 years at a time before growth of 
advanced regeneration begins to slow, 

We would like to thank Harry G. Gibson, 
Associate Professor of Forest Engineering, 
Department of Agricultural Engineering, Purdue 
University who was principal investigator on the 
nrechanical thinning phase of this study, 
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INFLUENCE OF 14IDSTORY AND UPSDERSTORY VEGETATION mMOVBL 
11 ON TWE ESTABLISHMENT DEVELOPmNT OF OAK REGENEMTIOW 

2 / G. 6 .  Sanzea and J, D. Hodges- 

A b s t r a c t  .--Three years  a f t e r  t rea tment ,  t h e  a m b e r  of 
oak s e e d l i n g s  o l d e r  than  one year  was increased  e i t h e r  by 
i n j e c t i o n  o r  i n j e c t i o n  and spray ing  of t h e  midstory and 
unders to ry  v e g e t a t i o n .  Presence of herbaceous v e g e t a t i o n  was 
found t o  be b e n e f i c i a l  i n  t h e  es tab l i shment  of oak seed l ings .  
Although new oak s e e d l i n g s  were n o t  l a r g e  enough t o  be 
depended on  a s  advanced r e g e n e r a t i o n ,  they  were more vigorous 
where t h e  midstory and unders to ry  v e g e t a t i o n  was e l imina ted .  

In  many sou thern  bottomland hardwood s t a n d s  
u n d e s i r a b l e  s p e c i e s  tend t o  dominate t h e  
u n d e r s t o r y  t o  t h e  exc lus ion  of t h e  more 
d e s i r a b l e  s p e c i e s  (Johnson and B i e s t e r f e l d t  
1970). This  i s  a  r e s u l t  of mismanagement o r  
management of hardwoods through s i n g l e - t r e e  
s e l e c t i o n  which f a v o r s  t h e  shade- to le ran t  
s p e c i e s  (Johnson 1975). Therefore,  when t h e s e  
s t a n d s  a r e  regenera ted ,  they  c o n s i s t  of a  lower 
p r o p o r t i o n  of oaks than t h e  s t a n d s  which 
preceeded them (Johnson 1979) . 

T h e  major d i f f i c u l t y  hardwood managers f a c e  
i s  when advanced oak r e g e n e r a t i o n  is  n o t  
p r e s e n t .  Clearcu t  t i n g  w i l l  n o t  produce t h e  
d e s i r e d  oak s tand  i f  t h e r e  i s  n o t  adequate 
advanced oak r e g e n e r a t i o n  (Marquis 1982). 
Before a  hardwood s t a n d  i s  h a r v e s t e d ,  
c o n s i d e r a t i o n  should be g iven  t o  t h e  presence o r  
absence  of d e s i r a b l e  advanced r e g e n e r a t i o n .  
Johnson (1980) h a s  developed a  system f o r  
e v a l u a t i n g  r e g e n e r a t i o n  i n  sou thern  hardwood 
s t a n d s  immediately pr eceeding f i n a l  h a r v e s t .  
Th is  sys tem,  a s  w e l l  a s  o t h e r  systems developed 
f o r  e a s t e r n  U.S. hardwoods, i s  based on  t h e  s i z e  
and number of d e s i r a b l e  s tems p r e s e n t  before  t h e  
s t a n d  i s  c u t  (Sander e t  a l ,  1976, Marquis and 
Bjorkhorn 1982). Values a r e  ass igned  accord ing  
t o  t h e  a b i l i t y  of s e e d l i n g s  o r  stumps t o  respond 
o r  s p r o u t .  S i z e s  which a r e  given t h e  h i g h e s t  

L /paper  presented a t  Southern S i l v i c u l t u r a l  
Research  Conference, A t l a n t a ,  Georgia, 
November 7-8, 1984. 

 he a u t h o r s  a r e  r e s e a r c h  t e c h n i c i a n  and 
p r o f e s s o r ,  Department of F o r e s t r y ,  M i s s i s s i p p i  
A g r i c u l t u r a l  and F o r e s t r y  Experiment S t a t i o n ,  
H i s s i s s i p p i  S t a t e  Univers i ty .  Cont r ibu t ion  
No. 5966 of t h e  M i s s i s s i p p i  A g r i c u l t u r a l  and 
F o r e s t r y  Exper iment S t a t i o n ,  

v a l u e  f o r  oaks,  according t o  Johnson ' s  
e v a l u a t i o n ,  a r e  s e e d l i n g s  which a r e  g r e a t e r  t h a n  
one f o o t  i n  h e i g h t  o r  seems l e s s  than t e n  i n c h e s  
diameter  a t  b r e a s t  h e i g h t  (dbh) . 

Newly g e m i n a t e d  oak s e e d l i n g s  o r  v e r y  
small oak s e e d l i n g s  p resen t  b e f o r e  t h e  f i n a l  
h a r v e s t  a r e  n o t  a b l e  t o  compete w i t h  l a r g e r  
s p r o u t - o r i g i n  stems when t h e  s t a n d  i s  
regenera ted  (Sander 1972, Lof t i s  1982) . Thus, 
i f  oaks a r e  t h e  s p e c i e s  t o  be managed i n  t h e  
next  s t a n d ,  t r e a t m e n t s  designed t o  e s t a b l i s h  
advanced r e g e n e r a t i o n  of adequate s i z e  should  be 
undertaken.  Reduction of overs  t o r y  b a s a l  a r e a  
is  t h e  technique  most o f t e n  recommended t o  
e s t a b l i s h  oaks i n  t h e  understory.  I f  t h e  
o v e r s t o r y  i s  such t h a t  s u f f i c i e n t  s u n l i g h t  
p a s s e s ,  through, r e d u c t i o n  of o v e r s t o r y  b a s a l  
a r e a  does l i t t l e  t o  enhance e s t a b l i s h m e n t  o f  
d e s i r a b l e  regenera t ion .  Many s t a n d s  c o n t a i n  
h i g h  d e n s i t i e s  of shade- to le ran t  s p e c i e s  i n  t h e  
lower canopies  t h a t  exclude s u n l i g h t  from 
shade- in to le ran t  s p e c i e s  (Johnson and Kr inard  
1976, McKnight and Johnson 1980, K e l l i s o n  e t  a l .  
1981). Reduction of b a s a l  a r e a  i n  t h e  upper  
canopy ( o r  a r e a s  where t h e  upper canopy i s  open 
enough t o  a l low s u f f i c i e n t  d i r e c t  s u n l i g h t )  must 
co inc ide  w i t h  removal of midstory and u n d e r s t o r y  
v e g e t a t i o n  i n  o r d e r  t o  a l low s u f f i c i e n t  s u n l i g h t  
t o  reach t h e  f o r e s t  f l o o r  where s e e d l i n g s  a r e  
developing (Johnson and Jacobs 1981, Lof t i s  
1982).  

Also,  v i n e s  and o t h e r  herbaceous weeds c a n  
pose a  s e r i o u s  problem t o  s e e d l i n g  development. 
I f  t h e  amount of cover  by v i n e s  i s  l a r g e ,  many 
more s e e d l i n g s  a r e  needed i n  o r d e r  t o  push t h e i r  
way above t h i s  mat of v e g e t a t i o n .  I f  herbaceous 
weeds grow t o  h e i g h t s  of s i x  f e e t  o r  t a l l e r ,  
they  m y  shade ou t  any s e e d l i n g s  deve lop ing  
underneath t h i s  herbaceous l a y e r  (Johnson and 
B i e s t e r f e l d t  1970). On t h e  o t h e r  hand, i f  
herbaceous v e g e t a t i o n  competi t ion i s  n o t  t o o  



s m e r e  f o r  s e e d l i n g  development, i t  can be 
b e n e f i c i a l  t o  s e e d l i n g  es tab l i shment .  
Herbaceous weeds can s e r v e  t o  p r o t e c t  S e e d l i n g s  
from browsing by deer .  Also, they  can p r o t e c t  
t h e  s o i l  from baking o r  puddling,  which i n  t u r n  
p r o t e c t s  s e e d l i n g s  f r m  t o o  l i t t l e  o r  t o o  much 
mois ture  (Putnan e t  aZ. 1960). 

h o t h e r  problem i n  e s t a b l i s h i n g  oak 
r e g e n e r a t i o n  i s  t h e  h i g h l y  v a r i a b l e  p roduc t ion  
of v i a b l e  acorns .  Also, l o s s  of  good a c o r n s  t o  
animal deprada t ion  and weather can be 
s u b s t a n t i a l ,  I f  acorns  r m i n  t o  g e m i n a t e ,  
they must have adequa te  s u r f a c e  soi l .  m o i s t u r e  t o  
a l low r o o t s  t o  grow i n t o  t h e  minera l  s o i l  (Arend 
and Scholz 1969) .  Once a  s e e d l i n g  i s  
e s t a b l i s h e d ,  e n v i r o m e n t a l  c o n d i t i o n s  de te rmine  
whether t h a t  s e e d l i n g  w i l l  be a b l e  t o  s u r v i v e  i n  
t h e  u n d e r s t o r y  (Carve11 and Tryon 1961). 

I n  mos t bottomland hardwood s t a n d s  lack ing  
adequate advanced reproduc t  i o n ,  l i g h t  t o  t h e  
f o r e s t  f l o o r  i s  probably t h e  major f a c t o r  t h a t  
l i m i t s  t h e  development of d e s i r a b l e  s p e c i e s ,  
The o b j e c t i v e  of t h i s  s tudy  was t o  de te rmine  i f  
removal o f  t h i s  unwanted v e g e t a t i o n  i n  t h e  
mids tory  and unders to ry  was s u f f i c i e n t  t o  a l low 
oak and o t h e r  d e s i r a b l e  regenera t ion  t o  become 
e s t a b l i s h e d  b e f o r e  t h e  f i n a l  h a r v e s t ,  

An a r e a  t h a t  d i d  n o t  c o n t a i n  adequa te  
advanced oak r e g e n e r a t i o n  was s e l e c t e d .  This  
a r e a  i s  loca ted  on t h e  John W.  S t a r r  (MSU) 
Memorial Fores t  i n  Oktibbeha County, 
M i s s i s s i p p i  and i s  w i t h i n  t h e  f l o o d p l a i n  of t h e  
Noxubee River .  The overs  t o r y  i s  b i o l o g i c a l l y  
mature a s  i n d i c a t e d  by stem s i z e ,  t h i n  crowns, 
bark c h a r a c t e r i s t i c s ,  and slow growth of t h e  
o v e r s t o r y  t r e e s .  The overs  t o r y  cons i s ted  
p r i m a r i l y  of cher rybark  oak (Quercus f  a l c a t a  
v a r ,  p a a o d a e f o l i a  E l l . )  and swamp c h e s t n u t  oak 
(Quercus michauxii  Nut t l  . ) ; with  t h e  lower 
s t o r i e s  e s s e n t i a l l y  h ickory  (Carya spp.) , blue  
beech (Carpinus c a r o l i n i a n a  Walt .) , pawpaw 
( A s h i n a  t r i l o b a  (L.)  Dunal) , and green  a s h  
(Frax inus  pennsylvanica Marsh.). The smal l  
amount of ground f l o r a  p resen t  i s  composed 
mainly of shade- to le ran t  s p e c i e s .  The o v e r s t o r y  
i s  60 y e a r s  o ld .  S i t e  index (base  age 50 y e a r s )  
f o r  cher rybark  oak on t h i s  s i t e  is  100 f e e t  
(Baker and Broadfoot 1979). 

There was very L i t t l e  d i f f e r e n c e  i n  t h e  
number of stems per a c r e ,  b a s a l  a r e a  ( square  
f e e t  per  a c r e ) ,  o r  mean dbh ( inches)  f o r  t h o s e  
t r e e s  l a r g e r  than 4.0 i n c h e s  dbh p r e s e n t  a t  t h e  
t i m e  t r e a t m e n t s  were i n s t a l l e d  (Table 1 ) .  The 
mids tory  was composed of mainly low v a l u e  
shade- to le ran t  s p e c i e s  while  t h e  o v e r s t o r y  
c o n s i s t e d  p r i m a r i l y  of oaks. Due t o  t h e  
presence of a  dense midstory,  d e s i r a b l e  s p e c i e s  
do n o t  develop t o  a  s i z e  such t h a t  they can  be 
depended on a s  advanced r e g e n e r a t i o n .  

F i f t e e n  p l o t s ,  100 f e e t  by 100 f e e t ,  were 
e s t a b l i s h e d .  Wifh'Rin each p l o t ,  five pemanent  
s u b p l o t s  of t e n  f e e t  by t e n  f e e t  were i n s t a l l e d .  
These subplo t s  were used i n i t i a l l y  t o  subsample 
s e e d l i n g s  (0 t o  3 f e e t  i n  h e i g h t ) ,  s m a l l  
s a p l i n g s  (3 t o  10 f e e t  i n  h e i g h t ) ,  and large 
s a p l i n g s  (10 f e e t  i n  h e i g h t  t o  t,O inches  dbh) 
of a l l  s p e c i e s  p resen t  before  t rea tments  were 
i n s t a l l e d .  ALL t r e e s  w i t h i n  each p l o t  which 
were l a r g e r  t h a n  4 .3  Lnches Cbh were t a l l i e d  
accord ing  t o  s p e c i e s ,  dbh, and canopy p o s i t i o n  
(upper- o r  mid-canopy) . 

The fo l lowing  t r e a t m e n t s  were randomly 
ass igned  accord ing  t o  t h e  d e s i r e d  v e g e t a t i o n  
c o n t r o l  sought ,  

(1)  I n j e c t  only.  I n j e c t  p l o t s  r e p r e s e n t  t h o s e  
p l o t s  i n  which a l l  t r e e s  g r e a t e r  t h a n  1.0 
inch  dbh which were n o t  considered f i  1 Y? c r o p  t r e e s  were i n j e c t e d  wi th  Round-up-- , 
r e g a r d l e s s  of s t r a t a  p o s i t i o n .  Crop t r e e s  
were chosen on t h e  b a s i s  of t h e i r  a b i l i t y  
t o  produce a t  l e a s t  one number t h r e e  
f a c t o r y  grade sawlog (USDA Fores t  S e r v i c e  
1981). Rot and o t h e r  d e f e c t s  were o n l y  
cons idered  i f  t h e r e  was a  chance of  
m o r t a l i t y  o r  l o s s  of grade t o  t h e  p o i n t  
where t h e  t r e e  would n o t  meet t h e  
requ i rements  f o r  a  number t h r e e  sawlog. 

(2) I n j e c t f s p r a y .  Tnjec t f spray  p l o t s  combined 
i n j e c t i o n  a s  above and f o l i a r  spray ing  w i t h  
Round-up of t h e  remaining s tems and 
v e g e t a t i o n  which could be reached w i t h  a  
backpack s p r a y e r  (he igh t  of approximately 
10 f e e t ) .  

(3)  Cont ro l .  Control  p l o t s  received no 
h e r b i c i d e  t rea tment ;  midstory and 
u n d e r s t o r y  remained i n t a c t .  

Heasurements t o  a s s e s s  t rea tment  e f f e c t s  
were made i n  t h e  p m a n e n t  s u b p l o t s  a s  needed t o  
de te rmine  germinat ion and es tab l i shment  of new 
s e e d l i n g s .  Each stem found w i t h i n  t h e  s u b p l o t s  
was t a l l i e d  accord ing  t o  s p e c i e s  and s i z e  c l a s s .  
S i z e  c l a s s e s  were assigned a s  fo l lows:  81, 0  
t o  20 c e n t i m e t e r s  (cm) i n  h e i g h t  (newly 
g e m i n a t e d  s e e d l i n g ) ;  fj2, 0  t o  20 cm i n  h e i g h t  
( s e e d l i n g  o l d e r  t h a n  1 y e a r ) ;  #3, 21 t o  50 cm i n  
h e i g h t ;  $ 4 ,  51 t o  LOO cm i n  h e i g h t ;  $5, 101  t o  
150 cn i n  h e i g h t ;  #6, 151 cm i n  h e i g h t  t o  1 cm 
dbh; #7, 1 cm dbh plus.  Also,  a subsample 
w i t h i n  each s i z e  c l a s s  f o r  each s p e c i e s  was 
marked i n  t h e  i n i t i a l  measurtrment f o r  f u t u r e  
remeasurement. A subsample of oaks t h a t  
g e m i n a t e d  i n  t h e  second y e a r  fo l lowing  
t rea tment  was a l s o  marked. Height  (and dbh were 
a p p l i c a b l e )  was measured f o r  each marked t r e e  
f o r  a n  e v a l u a t i o n  of growth and development. 

&/use of t r a d e ,  f i rm,  o r  c o r p o r a t i o n  names is 
f o  r t h e  r e a d e r  5 i n f o  m a t  ion  and convenience, 
Such use  does  n o t  c o n s t i t u t e  o f f i c i a l  
endorsement o r  approval  by M i s s i s s i p p i  
A g r i c u l t u r a l  and F o r e s t r y  Experiment S t a t t i o n ,  



Table 1.--Number of s tems p e r  a c r e ,  b a s a l  a r e a  ( f t 2  p e r  a c r e )  and mean dbh ( i n )  of t r e e s  g r e a t e r  t h a n  4.0 
i n c h e s  dbh preseac  b e f o r e  t r e a t m e n t s  (midstory and overs tory  t r e e s ) .  

Number of Stems p e r  Acre BA ( f t 2 / a c r e )  F DBK ( i n )  
I n j e c t /  I n j e c t /  I n j e c t /  

I n j e c t  Spray Control  I n j e c t  Spray Control  I n j e c t  Spray Cont ro l  

l i Red Oaks- 2 9 2 1 1 5 52.6 48.6 19.3 16.5 18.5 20.8 

31" 27 Other  D e s i r a b l e s -  

Less  ~ e s i r a b l e s ' i l  5 5 5 8 55 19.4 18 .O 22.0 7 .4 6.9 7.9 

TOTAL 129 120 128 101,3 99.5 98.8 10.1 10.2 10.2 

l i ~ e d  o a k s :  cher rybark ,  Shumard, w a t e r ,  and wil low oak 

' ~ h i t e  oaks:  overcup and swamp c h e s t n u t  oak 

?/Other d e s i r a b l e s  : g r e e n  a s h  and sweetgum 

k[T.,ess d e s i r a b l e s  : American beech, American h o l l y ,  b l a c k  c h e r r y ,  blackgum, e a s t e r n  hophornbeam, elm, 
h i c k o r y ,  ironwood, persimmon, r e d  maple, and sugarberry 

RESULTS AND DISCUS SZON 

Regenera t  i o n  Presen t  Before Treatment 

T h e  p re t rea tment  survey showed no 
s l g n i f  i c a n t  d i f f e r e n c e  be tween t h e  number of 
oaks p r e s e n t  on  t h e  d i f f e r e n t  pio ts (Table 2 )  . 
Many of t h e s e  oaks were s e e d l i n g s  which had 
g e m i n a t e d  t h e  same y e a r  a s  t h e  p l o t s  were 
i n s t a l l e d .  Very few of t h e s e  s e e d l i n g s  surv ived  
u n t i l  t h e  fol lowing y e a r  o r  th'e paor  v i g o r  made 
i t  d o u b t f u l  t h a t  t h e s e  s e e d l i n g s  would l i v e  v e r y  
long. There were s i g n i f i c a n t l y  more s e e d l i n g s  
of d e s i r a b l e  s p e c i e s  i n  t h e  i n j e c t /  sp ray  and 
c o n t r o l  p l o t s  than i n  t h e  i n j e c t  p l o t s .  Other 
d e s i r a b l e  s p e c i e s  f o r  t h e  purpose of t h i s  s tudy  
a r e  g r e e n  a s h ,  sweetgum (Liquidambar s t y r a c i f l u a  
L  .) , a n d  yellow-poplar (Lir iodendron t u l i p i f  e r a  
L A l l  o t h e r  s p e c i e s  were considered a s  l e s s  
d e s i r a b l e  due t o  t h e i r  low c m m e r c i a l  va lue  o r  
b e c a u s e  they were of f - s i t e ,  O f  t h e  d e s i r a b l e  
s p e c i e s ,  green ash  comprised a l a r g e  percentage 
of t h e  advanced s tems,  Green ash i s  t h e  only 
d e s i r a b l e  s p e c i e s  found i n  t h i s  s tudy  area t h a t  
i s  s h d e - t o l e r a n t ,  There ms a l s o  a s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  number of l e s s  d e s i r a b l e  
s p e c i e s  p resen t  b e f o r e  t r e a t m e n t s  K i t h  t h e  
i n j e c t  p l o t s  having t h e  h i g h e s t  number and t h e  
i n j e c t r s p r a y  t h e  lowes t  number, However, t h e  
h igh  number of Less d e s i r a b l e  shade- to le ran t  
s p e c i e s  p resen t  i n  al l .  p l o t s  r e f l e c t s  a 
s i t u a t L o n  which would Lead t o  u n s a t i s f a c t o r y  
r e g e n e r a t i o n  i f  t h e  s t a n d  were c l e a r c u t .  

Table 2 .--Regeneration presen t  b e f o r e  t r e a t m e n t s  
were i n s t a l l e d .  

Number of Number of 
Number of Other Less  

Treatment Oaks/Acrd1 ~ e s i r a b l e d '  ~es i rab le .&/  

I n j e c t  41 610 a- 523 b  5,645 a  

inject/ 714 a  1,080 a  3,101 b 

S  pr ay 

Cont ro l  732 a  1,115 a 4,356 a b  

Li0aks : cher rybark ,  swamp c h e s t n u t  , w a t e r ,  and 
wil low oak 

2 / 0 t h e r  d e s i r a b l e s  : g r e e n  a s h  and sweetgum 

A / ~ e s s  d e s i r a b l e s  : h e r  i c a n  beech, American 
h o l l y ,  b lack  cher ry ,  blackgum, deciduous 
h o l l y ,  dogwood, e l d e r b e r r y ,  elm, h i c k o r y ,  
i r o n m o d ,  pawpaw, persimmon, red maple, r e d  
mulberry,  and sugarber ry  

g ~ a l u e s  t h a t  a r e  followed by t h e  same l e t t e r  
i n d i c a t e  no s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  '05 
l e v e l .  



E f f e c t s  of Treatments  on the Stand 

I n j e c t i o n  of t h e  u n d e s i r a b l e  s tems removed 
very  l i t t l e  of t h e  t o t a l  b a s a l  a r e a  (Table 3 ) .  
Because of t h e  f a i r l y  open n a t u r e  of t h e  
o v e r s t o r y ,  removal of mids t o r y  and unders to ry  
stems u s u a l l y  c r e a t e d  openings l a r g e  enough f o r  
d i r e c t  s u n l i g h t  t o  reach,  t h e  f o r e s t  f l o o r ,  

E f f e c t  o f  Treatments on Establishment 
and Development of Seedl ings  

The number of oak s e e d l i n g s  and 
s a p l i n g s  per  a c r e  g r e a t e r  than  one year  o ld  
p resen t  i n  t h e  t h i r d  y e a r  a f t e r  t rea tment  was 
s i g n i f i c a n t l y  increased  i n  t h e  t rea tment  p l o t s  
(Table 4 ) .  Also,  t h e  c o n d i t i o n  of many of t h e  
oaks g r e a t e r  than one y e a r  o l d  i n  t h e  c o n t r o l  
p l o t s  is  such t h a t  i t  i s  ques t ionable  whether 
they w i l l  be a b l e  . t o  s u r v i v e  u n t i l  t h e  n e x t  
gro-rJing season. Seed l ings  of o t h e r  d e s i r a b l e  
s p e c i e s  p r e s e n t  t h r e e  y e a r s  a f t e r  t rea tment  were 
increased  on t h e  i n j e c t  p l o t s  while  t h e  number 
of o t h e r  d e s i r a b l e  s tems decreased on t h e  
i n j e c t l s p r a y  p l o t s .  T h i s  d i f f e r e n c e  occurred 
because a l l  stems were t r e a t e d  wi th  chemicals  on 
t h e  i n j e c t l s p r a y  p l o t s .  Spray a p p l i c a t i o n  was 
done i n  such a manner t h a t  both d e s i r a b l e  and 
less d e s i r a b l e  stems were t r e a t e d  w i t h  
chemicals.  V i r t u a l l y  a l l  s f  t h e  stems presen t  
on t h e  i n j e c t l s p r a y  p l o t s  were k i l l e d  whereas 
stems t o o  small  t o  be i n j e c t e d  were n o t  k i l l e d  
i n  t h e  i n j e c t  p l o t s .  There was a s l i g h t  drop i n  
t h e  number of o t h e r  d e s i r a b l e  s tems i n  t h e  
c o n t r o l  p l o t s .  Yellow-poplar was p r a c t i c a l l y  

Table 4,--Regeneration g r e a t e r  than I y e a r  o l d  
p r e s e n t  3 y e a r s  a f t e r  t r e a t m e n t s  were 
i n s  t al led . 

Number of Number of 
Number of Other L e s s  

Treatment ~ a k s / ~ c r & '  ~ e s i r a b l e d '  ~ e s i r a b l e d '  

I n j e c t  

Cont ro l  505  b 923 ab 4,129 a  

I-f oaks: cher rybark ,  swamp ches t a u t ,  water ,  and 
wi l low oak 

/ o t h e r  d e s i r a b l e s  : g r e e n  a s h  and sweetgum 

A/~ess  d e s i r a b l e s  : American beech, American 
h o l l y ,  beauty b e r r y ,  b l a c k  c h e r r y ,  b l a c k g m ,  
deciduous h o l l y ,  dogwood, e l d e r b e r r y ,  elm, 
hawthorn, h ickory ,  ironwood, pawpaw, 
pershmon,  r e d  maple, red  mulberry,  and 
sugarbe r r y  

k-lvalues t h a t  a r e  followed by t h e  same l e t t e r  
i n d i c a t e  no s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  .05 
l e v e l .  

Table 3.--Number of stems p e r  a c r e ,  b a s a l  a r e a  ( f t 2  p e r  a c r e ) ,  and mean dbh ( i n )  of t r e e s  g r e a t e r  than 
4.0 i n c h e s  dbh presen t  a f t e r  t rea tments  were i n s t a l l e d  (midstory and o v e r s t o r y  t r e e s ) .  

Number of Stems p e r  Acre BA ( f t 2 / a c r e )  Z DBH ( i n )  
I n j e c t  / I n j e c t /  I n j e c t /  

I n j e c t  Spray Control  I n j e c t  Spray Control  I n j e c t  Spray Control  

1 / Red Oaks- 1 9  18 15  49.4 47.1 39.3 21.0 22.3 20.8  

3 1  5 Other  Desirables-  6 34 3.7 5,1 13.1  12.4 13.1  7.3 

Less  ~ e s i r a b l e s g  

TOTAL 3 7 38 128 76.4 73.7 98.8 18 ,9  18.9 '10.2 

I / ~ e d  oaks: cher rybark ,  Shumard, wate r ,  and willow oak 

Z i % i t e  oaks:  avercup and swamp c h e s t n u t  oak 

Z j 0 t h e r  d e s i r a b l e s :  g r e e n  a s h  and sweetgum 

$ / l e s s  d e s i r a b l e s  : American beech, American h o l l y ,  b l a c k  c h e r r y ,  b l a c k g m ,  e a s t e r n  hophornbeam, elm, 
h ickory ,  ironwood, persimmon, r e d  maple, and sugarber ry  



non-ex is ten t  i n  t h e  c o n t r o l  p l o t s  and t h e  few 
sweetgum t h a t  a r e  p r e s e n t  a r e  dying back. Also, 
some of t h e  g r e e n  a s h  a r e  showing s i g n s  of 
d i e b a c k .  The number of l e s s  d e s i r a b l e  s tems 
r e m i n e d  p r a c t i c a l l y  t h e  same i n  t h e  c o n t r o l  
p l o t s  whereas they  increased  i n  number i n  t h e  
i n j e c t  p l o t s .  The l e s s  d e s i r a b l e  stems i n  t h e  
i n j e c t  p l o t s  came from t r e e s  t o o  smll t o  be 
i n j e c t e d  o r  new s e e d l i n g s  e s t a b l i s h e d  a f t e r  t h e  
t r e a t m e n t s  were i n s t a l l e d .  There was a  s h a r p  
d e c r e a s e  i n  t h e  nuqber of l e s s  d e s i r a b l e  s p e c i e s  
i n  the i n j e c t j s p r a y  p l o t s  due t o  t h e  i n j e c t i o n  
and s p r a y i n g  of a i l  stems. Undesirabie  s t a ~ s  
p r e s e n t  t h r e e  y e a r s  a f t e r  t rea tment  of t h e  p l o t s  
cane pr edcminantly f r  orn s e e d l i n g s  e s t a b l i s h e d  
a f t e r  the  t r e a t m e n t s  were i n s t a l l e d .  

E f f e c t  of Treatments  on Establ ishment  
and Development of New Oak Seedl ings  

I n j e c t  p l o t s  had s i g n i f i c a n t l y  more new oak 
s e e d 1  i n g s  which germinated dur ing  t h e  t h r e e  
y e a r s  s i n c e  t rea tment  than  did i n j e c t / s p r a y  and 
c o n t r  ol p l o t s  (Table 5 ) .  P a r t  of t h i s  i n c r e a s e  
can  be explained by t h e  f a c t  t h a t  more 
herbaceous  v e g e t a t i o n  is presen t  on t h e  i n j e c t  
p l o t s ,  Acorn germina t ion  was very poor t h e  
f i r s t  year  a f t e r  t rea tments  were i n s t a l l e d ;  
t h u s ,  very  few new oak s e e d l i n g s  were found i n  
any p l o t .  During t h e  w i n t e r  b e f o r e  t h e  second 
growing season  af t e r  t r e a t m e n t s  were i n s t a l l e d ,  
t h e  e n t i r e  a r e a  was sub jec ted  t o  s e v e r a l  f loods  
i n  wh i c h  t h e  water  moved very s w i f t l y  a c r o s s  t h e  
p l o t s -  Many of t h e  new oak s e e d l i n g s  were found 
i n  a r e a s  where herbaceous v e g e t a t i o n  o r  d e b r i s  
t r a p p e d  acorns  being washed a c r o s s  t h e  p l o t s ,  
Herbaceous weeds and d e b r i s  a l s o  played a n  
i m p o r t a n t  r o l e  i n  t h e  s u r v i v a l  of oak s e e d l i n g s .  
Very few s e e d l i n g s  of any s p e c i e s  were found i n  
a r e a s  which were completely devoid of any 
v e g e t a t i o n  o r  d e b r i s .  T h i s  i s  probably due t o  

Table  5.--Nunber of oaks p e r  a c r e  t h a t  germi- 
n a t e d  a f t e r  t rea tments  were i n s t a l l e d  and t h e  
number of t h e s e  new oaks t h a t  were g r e a t e r  
t h a n  1 year  o l d  3 years  a f t e r  t rea tments  were 
i n s  t a l l e d  . 

Number of Number of New Oaks 
Trea tment  New OaksfAcre 1 y r ,  old/Acre 

Lnjec t 

C o n t r o l  2,439 b 418 b 

L / v a l u e s  t h a t  a r e  followed by t h e  same l e t t e r  
i n d i c a t e  no  s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  -05 
1 e v e l .  

p r o t e c t i o n  of t h e  s o i l  from drying.  During t h e  
t h r e e  years  s i n c e  t rea tment  t h e r e  have been 
s e v e r a l  d roughts  i n  which. l a r g e  c r a c k s  i n  t h e  
s o i l  were observed. Areas t h a t  had herbaceous 
v e g e t a t i o n  o r  d e b r i s  covering t h e  s o i l  had f e n  
o r  no c r a c k s  i n  t h e  s o i l .  I n  a l l  p l o t s ,  
cher rybark  oak was t h e  most p r e v a l e n t  of t h e  
oak s p e c i e s  which germinated. 

Even though s e e d l i n g s  i n  none of t he  
t r e a t m e n t s  showed ou ts tand ing  growth, h e i g h t s  oE 
new cher rybark  oak s e e d l i n g s  on the  i n j e c t  and 
i n j e c t l s p r a y  p l o t s  a r e  s i g n i f i c a n t l y  t a l l e r  t h a n  
new cher rybark  oak s e e d l i n g s  on t h e  c o n t r o l  
p l o t s  (Table 6 ) .  Heights  were taken  on  marked 
t r e e s  a t  t h e  end of t h e  t h i r d  growing s e a s o n  
a f  t e r  t rea tments  were i n s t a l l e d .  Also,  t h e  
v i g o r  of new cher rybark  oak s e e d l i n g s  appears  t o  
be b e t t e r  i n  t h e  i n j e c t  and i n j e c t f s p r a y  p l o t s  
than i n  t h e  c o n t r o l  p l o t s .  There  i s  n o t  a 
s t a t i s t i c a l  d i f f e r e n c e  between t h e  h e i g h t s  of 
o t h e r  new oak s e e d l i n g s  f o r  t h e  t h r e e  d i f f e r e n t  
t r e a t m e n t s .  But, t h e r e  i s  such a  s m a l l  number 
of new oak s e e d l i n g s  o t h e r  than cher rybark  oak 
s t i l l  a l i v e  i n  t h e  c o n t r o l  p l o t s  t h a t  any 
s t a t i s t i c a l  a n a l y s i s  does n o t  r e f l e c t  t h e  
d i f f e r e n c e s  between p l o t s .  

Table 6 .--Mean h e i g h t  (cm) f o r  cher rybark  oak 
s e e d l i n g s  which germinated a f t e r  t r e a t m e n t s  
were i n s t a l l e d ;  measurements t aken  3 y e a r s  
a f t e r  t rea tment .  

2 CBO Heigh t  (cm) 

I n j e c t  

I n j e c t / S p r a y  

Control  

L'values t h a t  a r e  followed by t h e  same l e t t e r  
i n d i c a t e  no s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  .05 
l e v e l .  

CONCLUSION 

Cont ro l  o r  e l i m i n a t i o n  of v e g e t a t i o n  i n  t h e  
lower s t o r i e s  g r e a t l y  enhances t h e  e n v i r o m e n t  
f o r  t h e  development of d e s i r a b l e  s p e c i e s  and 
thus  i n c r e a s e s  t h e  p o s s i b i l i t y  of o b t a i n i n g  
adequate r e g e n e r a t i o n  before  t h e  s t a n d  i s  
h a r v e s t e d ,  One o r  two y e a r  o l d  oak s e e d l i n g s  
a r e  n o t  of a s i z e  t h a t  a r e  most d e s i r a b l e  f o r  
advanced r e g e n e r a t i o n ,  b u t  they have surv ived  
b e t t e r  and appear  most v igorous  i n  a r e a s  where 
t h e  midstory and unders to ry  v e g e t a t i o n  was 
removed. This  b e t t e r  performance i n  t r e a t e d  
p l o t s  appears  t o  be p r i m a r i l y  t h e  r e s u l t  of 
g r e a t e r  l i g h t  exposure a t  t h e  f o r e s t  f l o o r ,  



G e m i n a t i o n  of d e s i r a b l e  species o t h e r  t h a n  
oak has been LOW OR a l l  p l o t s ,  but es tab l i shment  
h a s  been h i g h e r  i n  the t r ea tment  p l o t s  than i n  
t h e  c o n t r o l s ,  and v igor  of a11 s e e d l i n g s  appears  
m& b e t t e r  i n  t h e  t r e a t e d  p l o t s .  Development 
of Less d e s i r a b l e  s p e c i e s  i n  t h e  t rea tment  plots 
h a s  n o t  adverse1  y a f  fecred t h e  development of 
d e s i r a b l e  r e g e n e r a t i o n .  

Some areas, where f loodwaters  flow r a p i d l y  
a c r o s s  t h e  s u r f a c e ,  m y  be almost  devoid of 
r e g e n e r a t i o n  of any kfnd. On such a r e a s ,  i t  
appears  t h a t  d e b r l s  and herbaceous v e g e t a t i o n ,  
i f  n o t  t o o  t h i c k ,  can be b e n e f i c i d l  t o  t h e  
es tab l i shment  of oak s e e d l i n g s  by t rapp ing  t h e  
acorns  and providing a  f a v o r a b l e  environment f o r  
g e m i n a t i o n  and e a r l y  growth, 

LITERATURE CITED 

Arend, J. L. ,  and W. F. Scholz. 
1969. Oak f o r e s t s  of t h e  lake s t a t e s  and 

t h e i r  mnagement. USrlA Fores t  Serv. Res. 
Pap. NC-31. 36 p. 

Baker, J. R., and W.  EI. Broadfoot. 
1979. A p r a c t i c a l  f i e l d  method of s i t e  

e v a l u a t i o n  f o r  commercially important  
s o u t h e r n  hardwoods. USDA Fores t Serv . Gen. 
Tech. Rep. SO-26. 51 p. 

C a r v e l l ,  K .  L . ,  and E, H. Tryon. 
1961. The e f f e c t  of environmental  f a c t o r s  on 

t h e  abundance of oak r e g e n e r a t i o n  beneath 
mature oak s t a n d s .  F o r e s t  S c i .  7:98-105. 

Johnson, P. S . ,  and R. D.  Jacobs .  
1981. Northern r e d  oak regenera t ion  a f t e r  

~ r e h e r b i c i d e d  c l e a r c u t  t i n g  and s h e l t  erwood 
removal c u t t i n g .  USDA Fores t  Serv. Res. 
Pap. NC-202. 5  p .  

Johnson, R. L. 
1975. Natura l  r e g e n e r a t i o n  and development of 

N u t t a l l  oak and a s s o c i a t e d  s p e c i e s .  USDA 
F o r e s t  Serv. Res. Pap. SO-104. 12 p. 

Johnson, R. L ,  
1979. Adequate oak r q e n e r a t i o n  -- a problem 

wi thout  a  s o l u t i o n ?  Proc. of 7 th  Annual 
Hardwood Symposium of t h e  Hardwood Research 
Council;  Mnagement and U t i l i z a t i o n  of Oak, 
May 1978, Cash ie r ,  North Carol ina.  p. 
59-65, 

Johnson, R. L. 
1980. New i d e a s  about  regenera t ion  of 

hardwoods. Proc, of IL?rdwood Regenerat ion 
Sppos ium,  Jan .  29, 1980, A t l a n t a ,  GA. p. 
17-19. 

Johnson, 8,  L, , and R. 6. B i e s t e r f e l d t .  
1970, F o r e s t a t i o n  of hardwoods. F o r e s t  

Fanner 30: 14-15; 36-38, 

Johnson, R. L. , and R. M. Kriaard ,  
1381. Hardwood r e g e n e r a t i o n  a f t e r  seed t r e e  

c u t t i n g ,  USDA F o r e s t  Serv. Res. Pap. 
SO-123. 7 p. 

K e l l i s o n ,  R. C . ,  D. J. Freder ick ,  and W. E, 
Gardner , 
1981. A gu ide  f o r  regenera t ing  and managing 

n a t u r a l  s t a n d s  of sou thern  hardwoods, North . 
Caro l ina  Agric .  R e s ,  S e r v ,  Bul l .  463. 24 p. 

L o f t i s ,  D. L.  
1982. Regenerat ing red oak on product ive 

s i t e s  i n  t h e  sou thern  Appalachians: a 
r e s e a r c h  proposal .  Proc. of t h e  Second 
B i e n n i a l  Southern S i l v 2 c u l t u r a l  Research 
Conference, Nov. 1982, A t l a n t a ,  GA, p, 
144-50. 

Marquis, D. A. 
1982. Ef f e e t  of advance s e e d l i n g  s i z e  v i g o r  

on s u r v i v a l  a f t e r  c l e a r c u t t i n g .  USDA F o r e s t  
Serv.  Res. Pap. NE-498, 7  p. 

Marquis, D. A . ,  and 3". 6 .  Bjorkbom. 
1982. Guide l ines  f o r  e v a l u a t i n g  r e g e n e r a t i o n  

before  and a f  t e r  c l e a r c u t  t ing  Al-legheny 
hardwoods. USDA F o r e s t  Serv. Res. Note 
NE-307. 4  p. 

McKnight, J. S., and R. L. Johnson. 
1980. Hardwood management i n  sou thern  

bo t  tomlands. F o r e s t  Farmer 39: 31-39. 

Putnam, J. A,, G. M. Furn iva l ,  and J. S. 
McKnight. 

1960. Management and inventory  of s o u t h e r n  
hardwoods. USDA F o r e s t  Serv. Agric. Handb. 
No. 181. 102 p. 

Sander, I. L. 
1972, S i z e  of oak advance reproduc t ion :  key 

t o  growth fol lowing h a r v e s t  c u t t i n g .  USDA 
F o r e s t  Serv.  Res. Pap. NE-79. 6  p. 

Sander, I. L. ,  P. S, Johnson, and R. F. Matt.  
1976. A gu ide  f o r  e v a l u a t i n g  t h e  adequacy of 

oak advance reproduc t ion ,  USDA F o r e s t  Serv. 
Gen. Tech. Rep. NC-23. 7 p. 

USDA F o r e s t  Se m i c e .  
1981, Grading hardwood l o g s  f o r  s tandard  

lumber, USDA Fores t  Serv. ,  F o r e s t  Prod. 
Lab. ,  F o m e r l y  Pub. No. D1737-A. 19 p. 



COMPETING VEGETATION ASSESSKENT SYSTEMS 

Bruce R. Zu t t e r ,  Glenn R. Glover, and Dale F. ~ ickens ;? /  

Abs t rac t  -- Considerat ions and approaches i n  t he  
des ign  of a  competing vege t a t i on  assessment system (CVAS) 
f o r  use i n  eva lua t i ng  southern pine p l an t a t i ons  f o r  re- 
l e a se  a r e  ou t l ined .  The V i rg in i a  Div is ion  of Fores t ry  
Free-to-Grow (FTG) c l a s s i f i c a t i o n ,  a  CVAS presen t ly  see- 
ing  l im i t ed  use,  i s  presented a s  an example of a  system. 
Using da t a  from t h r e e  p ine  r e l e a s e  r e s ea r ch  s t ud i e s , t he  
FTG c l a s s i f i c a t i o n  i s  shown t o  adequately cha r ac t e r i z e  
t h e  competi t ive s t a t u s  of p ines  p r i o r  t o  r e l e a s e ,  r e f l e c t  
e f f e c t i v e n e s s  of vege t a t i on  con t ro l  t rea tments ,  and r e l a t e  
t o  post- t reatment  growth of pines.  

INTRODUCTION 

F o r e s t e r s  a r e  becoming more aware of t he  
e f f e c t s  of competing vege t a t i on  on t h e  growth and 
y i e l d  o f  southern pines.  This increased  
awareness  i s  l a rge ly  due t o  research  published 
w i t h i n  the l a s t  t e n  t o  f i f t e e n  years .  The 
b e n e f i t s  from c o n t r o l l i n g  herbaceous vege t a t i on  
du r ing  the f i r s t  few yea r s  of a  s tand ,  e i t h e r  by 
c u l t i v a t i o n  or  he rb i c ide s ,  have been demonstrated 
f o r  l o b l o l l y  (Smith and Schmidtl ing 1970, Nelson 
e t  a 1  1981 ,  Knowe et 19851, s l a s h  ( ~ a k e r  1973, -- 
Tia rk s  and Haywood 19811, and longleaf  p ines  
( P e s s i n  1944, Nelson e t  a1  1982). The con t ro l  of 
compet5ng hardwood vege t a t i on  i n  young s tands  of 
loblol3.y (Cain and Mann 1980, Clason 1978, 
Shipmari 1954, Minogue e t  a 1  1984), s l a s h  ( ~ i e n a a r  
e t  a 1  3.9831, and longleaf  ( ~ i c h a e l  1980, Walker -- 
1954) p i n e s  had a  p o s i t i v e  e f f e c t  on p ine  growth. 
Al though most of the  above mentioned s t u d i e s  g ive  
only s h o r t  term r e s u l t s  f o r  young s tands ,  
i t  i s  r e a sonab l e  t h a t  e f f e c t s  of vege t a t i on  
cont ro l .  would continue a t  l e a s t  u n t i l  
i n t r a s p e c i f i c  competi t ion became a  more dominant 
f a c t o r  than i n t e r s p e c i f i c  competi t ion,  

Reduct ion  of hardwoods a t  an e a r l y  age i n  a  
p l a n t a t i o n  i s  extremely important given t h a t  i n  
o lde r ,  e s t ab l i shed  s t ands  t h e r e  appears  t o  be a  
d i s p r o p o r t i o n a t e  i nve r se  r e l a t i o n s h i p  between 
p ine  volume and t he  percentage of hardwood basa l  
a r e a  in: t he  s tand.  This  i s  i l l u s t r a t e d  i n  F igure  
1 u s i n g  da t a  from competi t ion con t ro l  s t u d i e s  

d i scussed  by Langdon and Trousdel l  (1974) and 
Haines (1981). The Langdon and Trousde l l  
study examined t he  e f f e c t s  of t h r e e  l e v e l s  of 
competi t ion con t ro l  i n  regenera t ing  a n a t u r a l  
l o b l o l l y  p ine  s tand i n  t he  North Caro l ina  
Coastal  P l a in ,  whi le  the  d a t a  from Naines i s  
from a prescr ibed  burn - s i t e  p r epa ra t i on  
study i n  s l a s h  p ine  i n  t h e  Upper Coas ta l  P l a i n  
of Southwest Georgia. 

Lfpaper  presen ted  a t  t he  Third Biennia l  
Sou the rn  S i l v i c u l t u r a l  Research Conference, 
A t l a n t a ,  Georgia, November 7-8, 1984. 

g ~ e s e a r c h  Assoc ia te ,  Ass i s t an t  Professor ,  
and Gradua t e  Research Ass i s t an t ,  Alabama 
Agr i cuL tu ra l  Experiment S t a t i o n ,  Auburn 
U n i v e r s i t y ,  Auburn Univers i ty ,  Alabama 36849. 

F igure  1.--Relationship between merchantable 
p ine  volume and percent  of s tand b a s a l  a r e a  
i n  hardwoods f o r  d a t a  from two s t u d i e s  
examining hardwood competi t ion con t ro l .  



Recently Burkhart  and Sprinz (1984) 
developed a model f o r  a s s e s s ing  e f f e c t s  of 
hardwood competi t ion on y i e l d s  of l o b l o l l y  p ine  
p l a n t a t i o n s ,  Their  model e x h i b i t s  behavior 
s i m i l a r  t o  t h a t  noted i n  Figure 1. 

With t h e  knowledge t h a t  competing vege t a t i on  
has a nega t ive  impact on p ine  grcnsth, m i l l i o n s  of 
d o l l a r s  are  being spent  t o  t r e a t  weed p r o b l m s  i n  
t he  Southeast .  However, t h i s  i s  o f t e n  done w i th  
minimal eva lua t ion  or  survey of t he  p r o b l m s ,  As 
a r e ~ u l t ~ f o r e s t e r s  have l i t t l e  r e l i a b l e  
in format ion  on t he  need f o r  t reatment  and t h e  
e f f e c t i venes s  of t h e i r  t rea tments ,  I t  i s  t h e  
purpose of t h i s  paper t o  o u t l i n e  cons ide r a t i ons  
i n  t he  des ign  of a competing vege t a t i on  
assessment s y s t m  (CVAS), and examine the  
c h a r a c t e r i s t i c s  of a s y s t m  see ing  l im i t ed  use. 

CONSIDERATIONS I N  THE DESIGN OF A 
COMPETING VEGETATION ASSESSNENT SYSTEM 

Discussion concerning system design w i l l  
c e n t e r  on eva lua t i on  of competing vege t a t i on  f o r  
r e l e a s e ,  the  s e l e c t i v e  con t ro l  of f o r e s t  weeds i n  
a s tand  of crop t r e e s .  S imi la r  systems could 
a l s o  be developed f o r  p r e s c r i p t i o n  of s i t e  
p r e pa ra t i on  and post-plant ing herbaceous weed 
c on t ro l  t reatments .  

Purpose of a System 

Development of a CVAS i s  l a rge ly  t he  
development of a da t a  c o l l e c t i o n  scheme which may 
be t r a n s l a t e d  i n t o  some meaningful measure of 
assessment t h a t  may be used by management i n  
making dec is ions .  

The ob j ec t i ve  of a WAS f o r  pine r e l e a s e  i s  
t o  provide app rop r i a t e  information such t h a t  
f o r e s t e r s  may: 

1. Iden t i f y  s tands  t h a t  w i l l  respond t o  
r e l e a s e  ( increased  su rv iva l ,  growth, 
e t c ,  

2. Rank s tands  based on need f o r  r e l e a s e  
(p robab i l i t y  of s tand  f a i l u r e ,  expected 
g r m t h  l o s s ,  s tand  l oca t i on ,  r e t u r n  on 
investment, e t c . )  

3 .  Determine app rop r i a t e  t reatment  
(method, chemicals, e t c , )  

4 ,  Eonitor  short-  and long-term e f f ec t i ve -  
ness of treaements. 

Des i rab le  A t t r i b u t e s  

I dea l l y ,  a WAS must a ccu ra t e ly  measure t he  
r e l a t i v e  pos i t i on  of p ines  t o  competing 
ve ge t a t i on ,  This may be done by measuring t h e  
r e l a t i v e  s i z e  and abundance of competi tors .  
Hwever,  t he  GVAS must be p r a c t i c a l .  Des i rab le  
a t t r i b u t e s  of a s y s t m  a r e  a s  fo l lows  (Adapted 
from 'Wagner (1982) : 

1, quick 
2 ,  simple t o  understand 
3 .  r e q u i r e  l i t t l e  o r  no spec i a l  t r a i n i n g  
4 ,  some degree of o b j e c t i v i t y  
5 ,  r equ i r e  no e l abo ra t e  equ imen t  
6 .  conducted by one or  two people 
7 ,  compatible w i th  o ther  opera t ions  

( i .  e. s tocking  surveys)  
8. app l i c ab l e  t o  d i f f e r e n t  s i z e s  and 

types  of vege t a t i on  

A number of approaches may be undertaken which 
would a s s e s s  t h e  s i z e  and abundance of 
competing vege t a t i on  and y e t  have most, i f  not  
a l l ,  of t he  above d e s i r a b l e  a t t r i b u t e s .  

One approach would be t o  simply adapt  
some t r a d i t i o n a l  c r u i s i n g  procedure, such a s  
sys temat ic  f ixed-radius p l o t  sampling, 
ho r i zon t a l  o r  v e r t i c a l  l i n e  o r  po in t  sampling, 
s t r i p  sampling, e t c .  One would record t h e  
spec i e s  and some measure of s i z e ,  such a s  
he igh t  o r  crown volume, f o r  each roo t s t ock  
t a l l i e d  (hardwood o r  p ine) .  Decisions 
concerning r e l e a s e  might then be made based on 
r e l a t i v e  s i z e  of p ines  and competing 
hardwoods, hardwood dens i t y ,  and spec ies  
composition. 

Another approach would involve examining 
competi t ion around s e l ec t ed  t r e e s  i n  a 
p l an t a t i on .  This t ree-centered approach has 
been used i n  vege t a t i on  management r e s ea r ch  
where d e t a i l e d  measurements of competing 
hardwood roo t s t ocks  a r e  co l l e c t ed  w i t h i n  a 
6-foot o r  2-meter r ad iu s  c i r c u l a r  p l o t  
cen te red  on t h e  pine. To be p r a c t i c a l  f o r  
f i e l d  use  a simple t a l l y  of crown volumes, 
r oo t s t ock  he igh t s  o r  percent  ground cover by 
spec i e s  w i t h i n  a f ixed-area p l o t  might 
s u f f i c e .  Wagner ( 1982) proposed a WAS 
s i m i l a r  t o  t h i s  f o r  app l i c a t i on  i n  t h e  P a c i f i c  
Northwest. I n  t e s t i n g  h i s  system he found an  
i nve r se  r e l a t i o n s h i p  between h i s  measure of 
competing vege t a t i on ,  t o t a l  competi t ive 
i n f l uence  index (TCI) ,  and Douglas-fir t r e e  
s i z e  (Wagner 1984). He was a l s o  ab l e  t o  rank  
p l a n t a t i o n s  based on t h e i r  competi t ive s t a t u s  
and determine t he  percentage con t r i bu t i on  by 
i nd iv idua l  spec ies .  He d id  not  t e s t  h i s  
system t o  determine t he  e f f i c acy  of s p e c i f i c  
r e l e a s e  t rea tments ,  

I n  t h e  Southeast ,  Dierauf and Garner 
developed a t ree-centered assessment sy s t a n  
t h a t  has been used s i nce  1971 i n  t h e  S t a t e  of 
V i rg in i a  t o  a s s e s s  t h e  need f o r  r e l e a s e  and 
eva lua t e  subsequent t rea tments  ( ~ p p e n d i x ) .  
Since 1980 t h e i r  system, known a s  t he  V i rg in i a  
Div is ion  of Fores t ry  (VDF) Pree-to-Grow 
C l a s s i f i c a t i o n ,  has been appl ied  i n  
coopera t ive  p ine  r e l e a s e  he rb i c ide  r e sea r ch  
s t u d i e s  between Auburn Univers i ty  and f o r e s t  
i ndus t ry ,  It w i l l  be used a s  an e u m p l e  of a 
CVAS which may be used i n  making dec i s i ons  
concerning p ine  r e l e a se ,  



- AM EXM9LE - 
VDF FREE-TQ-GROW ( FTG) CLASS I F 1  CATION 

C l a s s i f i c a t i o n  Descr ip t ion  

1x3 t h e  VDF FTG c l a s s i f  i c a t i o n 2  a  p ine  
s e e d l i m g  i s  placed i n t o  one of four  c l a s s e s  based 
on a  somewhat s u b j e c t i v e  d e t e m i n a t i o n  of i t s  
p o t e n t i a l  f o r :  (1) c a p t u r i n g  a  p lace  i n  t h e  
crown canopy, and ( 2 )  diameter  growth up t o  t h e  
time of crown c losure .  Classes  a r e  d e t e m i n e d  by 
t h e  s i z e  and v i g o r  of p i n e  seed l ings  r e l a t i v e  t o  
t h e  s i z e ,  v i g o r  and s p e c i e s  of nearby hardwoods 
(and p i n e s ) .  These c l a s s e s  may be b r i e f l y  
d e f i n e d  a s  fo l lows:  

C l a s s  1 - Free-to-grow without  s i g n i f i c a n t  
hardwood competi t ion.  No shading 
from hardwoods above midpoint  of 
pine stern. 

C l a s s  2 - Judged t o  be free-to-grow, & 
exper iences  s i d e  shading from 
hardwood competi t ion above t h e  
midpoint of t h e  t o t a l  he igh t  of 
t h e  t r e e .  

C l a s s  3 - Ques t ionable  t r e e .  Without re- 
l e a s e ,  10 t o  90 percen t  of these  
p ines  w i l l  n o t  cap ture  a  p l a c e  i n  
t h e  crown canopy. 

CItass 4 - Not free-to-grow. Under a  10 
percen t  chance of ga in ing  crown 
canopy p o s i t i o n  ( i . e .  sup- 
p ressed) .  

A more d e t a i l e d  d e s c r i p t i o n  of t h e  
c l a s s i f i c a t i o n  i s  given i n  t h e  Appendix, The 
c l a s s i f i c a t i o n  involves  a  c e r t a i n  amount of 
s u b j e c t i v e l y ,  y e t  i t  has most of t h e  d e s i r a b l e  
a t t r i b u t e s  p rev ious ly  mentioned. 

Data 

D a t a  used t o  i l l u s t r a t e  t h e  FTG 
c l a s s i f i c a t i o n  were taken  from t h r e e  p ine  r e l e a s e  
s t u d i e s  e s t a b l i s h e d  i n  t h e  f a l l  of 1980 and t h e  
s p r i n g  of 1981. Study s i t e  d e s c r i p t i o n s ,  e t c .  
a r e  g i v e n  i n  Table 1. Deta i led  p ine  and hardwood 
measurements, inc lud ing  FTG, were made j u s t  p r i o r  
t o  h e r b i c i d e  a p p l i c a t i o n ,  and one and two growing 
s e a s o n s  a f t e r  a p p l i c a t i o n .  Post- t reatment  
evalualkions were made i n  l a t e  s u m e r  o r  e a r l y  
f a l l .  

Study R e s u l t s  

A& a l l  t h r e e  l o c a t i o n s  a decrease  i n  
p re - t rea tment  pine h e i g h t  was observed a s  FTG 
c l a s s ,  and hardwood compet i t ion  increased  
( ~ i g u r t z  2 ) .  This  r e l a t i o n s h i p  should be 
c h a r a c t e r i s t i c  of a  good CVAS. This n e g a t i v e  
r e l a t i o n s h i p  between t r e e  s i z e  and hardwood 
c o m p e t i t i o n  i s  not  s u r p r i s i n g  a s  t h e r e  i s  a  
p o s i t i v e  r e l a t i o n s h i p  between presen t  l e v e l s  of 
c o m p e t i t i o n  and t h e  m o u n t  of competi t ion a  p ine  
has  e x p e r i e n c e d  i n  t h e  p a s t ,  

An a d d i t i o n a l  c h a r a c t e r i s t i c  of a good 
CVAS i s  t h e  a b i l i t y  t o  d e t e c t  t rea tment  
e f f e c t s .  A g r e a t e r  p o s i t i v e  change i n  t h e  
percentage of free-to-grow p i n e s  ( c l a s s  I )  a t  
t h e  end of t h e  f i r s t  and second growing 
seasons f oi lowing t reatment  was observed 
a c r o s s  a l l  l o c a t i o n s  f o r  p ines  r e c e i v i n g  
h e r b i c i d e  t rea tments     able 2).  Examination 
of d e t a i l e d  hardwood d e n s i t y  d a t a  i n d i c a t e d  
t h a t  t h e r e  was an  i a v e r s e  r e l a t i o n s h i p  between 
t h e  change i n  t h e  p ropor t ion  of p i n e s  moving 
i n t o  c l a s s  1 and t h e  change i n  hardwood 
d e n s i t y .  Changes i n  hardwood d e n s i t y  on 
h e r b i c i d e  t r e a t e d  a r e a s  r e l a t i v e  t o  check 
a r e a s  were much l e s s  a t  l o c a t i o n  B t h a n  a t  t h e  
o t h e r  l o c a t i o n s ,  which i s  r e f l e c t e d  i n  t he  
smal le r  change i n  c l a s s  1 p ines ,  

Provided t h e r e  i s  no s i g n i f i c a n t  
h e r b i c i d e  damage t o  t h e  p ines ,  changes i n  FTG 
f o r  a  given pine should, over a  per iod  of 
time, r e s u l t  i n  g r e a t e r  growth had t h a t  t r e e  
maintained o r  decreased i t s  compet i t ive  
p o s i t i o n .  This  was examined f o r  t h e  t h r e e  
l o c a t i o n s  by computing t h e  mean h e i g h t  growth 
dur ing  t h e  two growing seasons f o l l w i n g  
h e r b i c i d e  a p p l i c a t i o n  f o r  pre- t reatment  and 
one growing season post- t reatment  FTG v a l u e s  
on p l o t s  r e c e i v i n g  h e r b i c i d e  t reatroent ,  
R e s u l t s  were l a r g e l y  a s  expected,  w i t h  growth 
of p ines  being r e l a t e d  t o  p r e - t r e a a e n t  and 
post- t reatment  v a l u e s  s f  FTG (F igure  3 ;  h e i g h t  
growth v a l u e s  given a r e  f o r  FTG combinations 
where 20 o r  more p ines  were observed) .  

For t r e e s  main ta in ing  t h e  same 
compet i t ive  s t a t u s  o r  FTG c l a s s  ( d a r k  ha tched  
b a r s ) ,  growth increased  a s  p ines  were more 
f r e e  t o  grow. Pines exper ienc ing  a  p o s i t i v e  
change i n  FTG e x h i b i t e d  g r e a t e r  growth than  
t r e e s  r m a i n i n g  i n  t h e  same c l a s s ,  w h i l e  a  
n e g a t i v e  change i n  FTG r e s u l t e d  i n  l e s s  
growth, For example, a t  l o c a t i o n  B f o r  p i n e s  
p r i o r  t o  t rea tment  f a l l i n g  i n  FTG c l a s s  2 ,  
those  which moved up t o  c l a s s  1 grew 6.0 f e e t ,  
those  remaining c l a s s  2 ,  5.6 f e e t ,  and t h o s e  
which moved down t o  c l a s s  3 ,  5.2 f e e t ,  

I n  g e n e r a l ,  growth of p ines  having t h e  
same FTG c l a s s  one growing season a f t e r  
t rea tment  was i n v e r s e l y  r e l a t e d  t o  t h e  FTG 
c l a s s  p r i o r  t o  t rea tment ,  For example, a t  
l o c a t i o n  B he igh t  growth of t r e e s  i n  PTG c l a s s  
2 one y e a r  a f t e r  t reatment  was 6.5,  5 ,6 ,  5.2 
and 5.0 f o r  pre-treatatrent c l a s s e s  Z through 4 ,  
r e s p e c t i v e l y ,  

Provided t h e  s p e c i e s  of major compet i to rs  
of each eva lua ted  p ine  a r e  recorded,  t h e  FTG 
c l a s s i f i c a t i o n  can provide t h e  f o r e s t e r  w i t h  
adequate d a t a  on which d e c i s i o n s  concerning 
p i n e  r e l e a s e  can be made. One p o s s i b l e  
drawback of t h e  s y s t m  i s  i t s  s u b j e c t i v i t y ,  
p a r t i c u l a r l y  i f  s e v e r a l  d i f f e r e n t  i n d i v i d u a l s  
a r e  making assessments ,  There i s  no publ i shed  
work t h a t  has  shown t h i s  t o  be a p r o b l m .  



Table  1.--Study s i t e  d e s c r i p t i o n s  f o r  pine r e l e a s e  s t u d i e s  from which VDF Free-twGrow da t a  were taken. 

Locat ion  

Cooperator 

Locat ion 

Study Type 

A 

Sco t t  

Pine Level, BZ, 

Velpar r a t e  and 
formula t ion  

Tennessee River 

Houston, MS 

Velpar r a t e  and 
f o r n u l a t i o n  

Tr ea trnent Date Apr i l  8 ,  May 11, 1981 March 27 ,  1981 

Hean p ine  he ight  a t  
t reatment  ( f t . )  

Mean hardwood he igh t  
a t  t reatment  (f t ,  ) 4.8 

C 

Wes tvaco 

Buckingham Co., VA 

Roundup r a t e  

August 29, 1980 

3 - 2  

Pine age a t  t reatment  4 5 3 

LOCATION A 

2 3 4 
FREE -TO -OROW CLASS 

LOCATION E3 

T 

FREE -TO-GROW CLASS 

Figure  2.--Mean he ight  ( f e e t )  by pre-treatment free-to-grow c l a s s e s  f o r  each l o c a t i o n  (b r acke t s  give 
p l u s  or  minus twice t he  s tandard e r r o r ) .  



Tab3.e 2 . - - In i t i a l  d i s t r i b u t i o n  of Free-to-grow c l a s s e s  and change i n  d i s t r i b u t i o n  one and two growing 
s e a s o n s  fo l lowing  h e r b i c i d e  a p p l i c a t i o n  d a t e  f o r  check and h e r b i c i d e  t r e a t e d  a r e a s ,  

D i s t r i b u t i o n  Change by Crowing Seasons 
a f t e r  T r e a t m e n t u  

FTG 
Pre-treatment  D i s t r i b u t i o n  

Check Treated 
1 2 

Check Treated Check Trea ted  
L o c a t i o n  Cl a s  s (percent!  (percen tage  p o i n t s  ) 

FTC 
n o t  

c o l l e c t e d  

U v a l u e s  given r e p r e s e n t  d i f f e r e n c e s  i n  t h e  percen tages  of p i n e s  f a l l i n g  w i t h i n  a given c l a s s  p r i o r  t o  
t r e a t m e n t  and 1 o r  2 growing seasons a f t e r  t reatment .  ( i . e .  c l a s s  1 pre- treatment  percen tage  of 10 
a n d  1 year  post- t reatment  percentage of 50 r e p r e s e n t s  a (50-10) o r  a +40 percentage po in t  change.) 

LOCATION A 
LOCATION E 

2 YEAR HEiOHT GROWTH 
2 YEAR HEIQHT GROVVTH 

(FEET) 

1 2 3 4 

-TREAT FTG? 
-TREAT FTG 

F i g u r e  3.--Height growth ( f e e t )  dur ing  two growing seasons fo l lowing  h e r b i c i d e  t r e a h e n t  by pre-  
tr eatment and one growing season post- t reatment  f r e e -  to-grow (FTG) values.  



Within o r g a n i z a t i o n s  c u r r e n t l y  us ing  t h i s  s y s t m p  
GRLY a few i n d i v i d u a l s  conduct e v a l u a t i o n s  which 
reduces p o t e n t i a l  p s o b l a s  due t o  s u b j e c t i v e l y .  

Based upon d a t a  f r m  a 24 year-old s i t e  
p r e p a r a t i o n  s tudy n e a r  Paye t te ,  Alabama ( ~ h i p p l e  
and White 14651, i t  appears  that d i f f e r e n c e s  i n  
p ine  s i z e  and grtrwth f o r  v a r i o u s  FTG c l a s s e s  
noted a t  t h e  time of r e t e a s e  o r  one o r  two y e a r s  
f a l l w i n g  r e l e a s e  may cont inue throughout a  
r o t a t i o n .  At t h e  end of s i x  growing seasons each 
t r e e  i n  t h e  s tudy was ass igned  t o  a  v i g o r  c l a s s ,  
a  c l a s s i f i c a t i o n  scherlae very s i m i l a r  t o  t h e  VDF 
FTG, Each t r e e  was l o c a t e d  i n  a manner so t h a t  
i t s  i d e n t i t y  could be maintained,  A f t e r  t h e  
twenty-fourth g r m i n g  season t h e  p ines  were 
remeasured. 

A s u m a r y  of s e l e c t e d  t rea tments  i s  g iven  i n  
Table 3 ,  Trees a t  age s i x  ass igned  t o  t h e  
e x c e l l e n t  v i g o r  c l a s s ,  s i m i l a r  t o  FTG c l a s s  I ,  
had g r e a t e r  24-year d i m e t e r s  than  those  i n  o t h e r  
c l a s s e s ,  whi le  those  i n  t h e  poor c l a s s  had t h e  
s m a l l e s t  24-year diameters .  

Table 3,--Mean t r e e  DBW i n  1982 f o r  24-year-old 
p l a n t e d  l o b l o l l y  p i n e  by v igor  c l a s s  a t  age 
s i x  and t rea tment ,  F a y e t t e  s i t e  p r e p a r a t i o n  
s tudy ,  Bayet te ,  ~ l a b a m a .  $-/ 

Vigor c l a s s  a t  age s i x  
Exce l len t  Good F a i r  Poor 

Treatment DBH i n  inches 

Cut and 8,2 7.1 8.0 4.6 
G i r d l e  

I n j e c t i o n  8.5 6 ,O 6.7 5.4 

F r i l l  and 8.1 7.2 7.6 5.5 
Poison 

Bulldozed 8.1 5.8 8 -0 6 .O 

of t rea tments  and v i g o r  c l a s s e s .  

AMD CONCLUSIONS 

I n  order  t o  more adequately d e t e r n i n e  
whether t o  r e l e a s e  a  s t a n d  of young sou thern  
p i n e s  a  f o r e s t e r  needs a  c m p e t i n g  v e g e t a t i o n  
assessment  s y s t a  t o  provide i n f o m a t i o n  i n  o rder  
t o  d e t e r n i n e  t h e  need f o r  r e l e a s e ,  p r i o r i t i z e  
s t a n d s  f o r  r e l e a s e ,  determine a p p r o p r i a t e  
t rea tment ,  and moni t o r  short-  and 1 ong-term 
e f f e c t i v e n e s s  of t rea tments .  Such a system needs 
t o  be s imple,  qu ick  i n  a p p l i c a t i o n ,  r e q u i r e  no 
s p e c i a l  t r a i n i n g ,  no e l a b o r a t e  e q u i p e n t ,  be 
conducted by one o r  two people,  compatible  w i t h  
o t h e r  o p e r a t i o n s ,  a p p l i c a b l e  t o  v a r i o u s  
v e g e t a t i o n  types,  and has  some degree of 

o b j e c t i v i t y .  The V i r g i n i a  Div is ion  of 
F o r e s t r y  Free-to-Grm (FTG) C l a s s i f i c a t i o n  i s  
one s y s t m  which meets many of these  c r i t e r i a ,  
Although t h e  FTG C l  a s s i f  i c a t i o n  i s  s u b j e c t i v e ,  
i n  r e s e a r c h  s t u d i e s  i t  has been shown t o  
adequa te ly  c h a r a c t e r i z e  t h e  compet i t ive  s t a t u s  
of p i n e s  p r i o r  t o  r e l e a s e ,  r e f l e e t  
e f f e c t i v e n e s s  of v e g e t a t i o n  c o n t r o l  
t rea tments ,  and r e l a t e  t o  subsequent g r m t h  of 
p ines  

M d i t i o n a l  work i s  being done a t  Auburn 
t o  e v a l u a t e  s m w h a t  l e s s  s u b j e c t i v e  
approaches t o  competing v e g e t a t i o n  assessment. 
Current  r e s e a r c h  i s  e v a l u a t i n g  modi f ica t ions  
of t h e  t ree -cen te red  approach upon which t h e  
VDF FTG C l a s s i f i c a t i o n  i s  based, 
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Free-To-Grow C l a s s i f i c a t i o n  

T. A. Dierauf and J. W. Garner ,  
V i r g i n i a  Div is ion  of F o r e s t r y  

We a r e  u s i n g  f o u r  c l a s s i f i c a t i o n s  t o  
d e s c r i b e  a p i n e  s e e d l i n g ' s  p o t e n t i a l  f o r :  ( 1 )  
c a p t u r i n g  a p lace  i n  t h e  crown canopy, and ( 2 )  
diameter  growth up t o  t h e  time of f u l l  crown 
c losure .  These c l a s s e s  a r e  d e t e m i n e d  by t h e  
s i z e  and v i g o r  of t h e  pine s e e d l i n g s  compared 
t o  t h e  s i z e ,  v i g o r ,  and s p e c i e s  of nearby 
hardwoods (and p i n e s ) .  This  system can be 
used f o r  p ine  reproduc t ion  of any age  p r i o r  t o  
f u l l  crown c l o s u r e ,  Larger  r e s i d u a l  hardwoods 
a r e  n o t  cons idered ;  they should be e l i m i n a t e d  
dur ing  s i t e  p repara t ion .  Also, r o o t  
compet i t ion  from hardwoods i s  n o t  cons idered .  

Glass  I ,  

Free-to-grow without  s i g n i f i c a n t  hardwood 
competi t ion,  Class  1 t r e e s  a r e  judged t o  have 
b e t t e r  than a  90 percen t  chance of c a p t u r i n g  a  
p lace  i n  t h e  crown canopy, Release w i l l  &c& 
b e n e f i t  these  t r e e s ,  

Class  2. 

Also free-to-grow, but  w i t h  more hardwood 
compet i t ion  than  c l a s s  1 seed l ings .  Most of 
t h e  hardwood compet i t ion  i s  s i d e  shading.  
L i k e s c l a s s  1 t r e e s  c l a s s  2  t r e e s  a r e  judged t o  
have b e t t e r  than 90 percent  chance of 
c a p t u r i n g  a  p lace  i n  t h e  crown canopy. The 
s e p a r a t i o n  i n t o  c l a s s  1 o r  c l a s s  2  i s  
a r b i t r a r i l y  based on whether nearby hardwoods 
can throw shade above t h e  midpoint of t h e  p i n e  
seed l ing .  The method f o r  determining h e i g h t  
of shading i s  t o  measure t h e  t o t a l  h e i g h t  of 
t h e  hardwood, then  r o t a t e  a  s t r a i g h t  l i n e  of 
t h a t  l e n g t h  from t h e  base of t h e  hardwood t o  
t h e  p o i n t  where i t  touches t h e  p ine  stem ( i n  
p r a c t i c e ,  t h e  hardwood i s  u s u a l l y  ben t  o v e r ) ,  
I f  t h i s  p o i n t  i s  below one h a l f  t h e  t o t a l  
h e i g h t  of t h e  pine,  t h e  pine i s  c l a s s  I .  If 
above one-half t h e  t o t a l  he igh t  of t h e  p ine ,  
t h e  p ine  i s  c l a s s  2 ,  Release w i l l  b e n e f i t  
c l a s s  2  p ines  primarily by i n c r e a s i n g  d iameter  
growth. 



Class  3 .  

Ques t ionable  t r e e s ,  judged t o  hav'e between a  
10 percen t  and 90 percen t  chance of c a p t u r i n g  a  
p lace  i n  t h e  crown canopy. Even f o r  p ine  which 
eventua l ly  make i t  i n t o  t h e  crown canopy, 
competi t ion w i l l  g r e a t l y  reduce d i m e t e r  growth, 
It i s  assumed t h a t  wi thout  r e l e a s e ,  h a l f  of these  
p ines  w i l l  n o t  c a p t u r e  a p lace  i n  t h e  crown 
canopy, 

Class  4. 

Not f  ree-to-grow. Judged t o  have l e s s  than  
a  10 percen t  chance of c a p t u r i n g  a  p l a c e  i n  t h e  
crown canopy because of suppress ion  by 
overtopping hardwoods ( o r  p ines ) .  Release w i l l  
b e n e f i t  c l a s s  4 t r e e s  only a t  very  young ages  
( s e e  n o t e s  below). 

Notes: 

1. I n  dec id ing  whether a  s e e d l i n g  i s  c l a s s  
1 o r  2 ,  s i d e  shading by nearby p ines  i s  
n o t  considered ( r e l e a s e  from hardwoods 
would have no e f f e c t  on such compet i t ion) .  

2. Overtopping o r  p o t e n t i a l  overtopping by 
nearby p ines  however, must be considered 
i f  i t  w i l l  prevent  a  s e e d l i n g  from c a p t u r i n g  
a  p lace  i n  t h e  canopy. I n  o t h e r  words, a  
s e e d l i n g  can be c l a s s  3 o r  4 because of 
compet i t ion  from nearby pine. 

3 .  I n  dec id ing  whether a  s e e d l i n g  i s  c l a s s  
2 o r  3 ,  o r  c l a s s  3 o r  4 ,  t h e  v i g o r  of 
t h e  s e e d l i n g  i s  o f t e n  a s  important  a s  t h e  
amount of hardwood competi t ion.  The pre- 
v ious  y e a r ' s  l e a d e r  growth and t h e  l e n g t h  
and d e n s i t y  of t h e  need les  a r e  i n d i c a t o r s  
of v i g o r ,  

4 .  Class  4 s e e d l i n g s  cannot be r e l e a s e d  sue- 
c e s s f u l l y  a f t e r  age 2 o r  3 ,  i n  most cases ,  
because nearby c l a s s  1 and 2 s e e d l i n g s  
w i l l  u s u a l l y  be so much t a l l e r  t h a t  they 
w i l l  o f t e n  suppress  them. For t h e  same 
reason ,  c l a s s  3 s e e d l i n g s  can n o t  be re-  
l eased  s u c c e s s f u l l y  a f t e r  age 3 o r  4 ,  i n  
most cases .  



W B L O U Y  AHD S H O R m W  PINE D I  I N  THEIR BESPONSE WtiEN RE-ED USING t fEgBICIDE SPRAYS' 

Richard W. Guldin 
2 

Abstract.--A 60-acre uneven-aged natural stand of mixed 
loblolly and shortleaf pine (Pinus taeda L, and P. echinata 
Mill.) was operationally sprayed with 2 pounds active ingre- 
dient per acre of 2,4,5-T in 1955 to release understory pine 
seedlings from competing hardwoods, Surviving trees were 
sampled in 1982 to reconstruct diameter and volume growth and 
to develop an individual-tree growth response model. Young 
loblolly pine trees had grown an extra 1,42 inches in dbh by 
1965 than if they had not been released, and taper decreased 
sufficiently to increase volume an additional 6 to 8 percent, 
depending on the log rule used. Shortleaf pine had responded 
with smaller diameter increments. Shortleaf pine also 
decreased in taper, but the volume changes induced were 
insignificant. Diameter response differed significantly by 
diameter class for both species. 

The loblolly pine-shortleaf pine (Pinus taeda 
L. and 2. echinata Mill.) cover type is the most 
widespread of all the southern forest types (Mann 
1980). Both pines are shade intolerant species 
whose growth is adversely affected by competition 
provided by their common hardwood associates--oaks 
(Quercus spp.), gums (Nyssa spp. and Liquidamber 
styraciflua L.), and hickories (Carya spp.) (Baker 
and Balrner 1983, Lawson and Kitchens 1983). For 
example, Grano (1979) reported that small hard- 
woods i n  the understory of a 47-year-old loblolly 
pine-shortleaf pine stand reduced cubic-foot 
volume growth by 43 percent and board foot volume 
growth by 59 percent. 

Until the 19501s, hardwood control programs in 
established pine stands were very labor-intensive 
and time-consuming, because each tree had to be 
individually treated, Cut-stem treatments were 
applied using a variety of tools and techniques. 
Chemicals, such as ammonium sulfamate, were occa- 
sionally sprayed on the cuts or injected into 
frills hacked in the bole of each tree. When 
2,4,5-T [2,4,5-( trichlorophenoxy) acetic acid] and 
Silvex 12-(2,4,5-trichloroph@noxy)propionic acid] 
became available to release pines from broadleaf 
competition, treatment costs declined. These 
chemicals could be broadcast inexpensively, 
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eliminating the need to treat individual trees. 
Chemical application rates could be adjusted so 
that broadleaf vegetation was killed or severely 
stunted while the pines were undamaged or only 
mildly stunted. 

Today, chemicals for pine release are no 
longer inexpensive, and costs for broadcast appli- 
cation by helicopter are rising. Forest managers 
must take into account possible differences in the 
response to release among tree species and sizes 
when evaluating potential release investments. 
The purpose of this paper is to report the 
response of an uneven-aged stand of loblolly and 
shortleaf pine to a broadcast chemical 
application. Forest managers can use the response 
data presented to help evaluate whether releasing 
their particular stands will be profitable. 

DATA AND ANALYSIS 

A 60-acre mixed loblolly and shortleaf pine 
stand located in north-central Louisiana had been 
released in 1955, The stand was on a north-facing 
slope that had seeded naturally to pine around the 
turn of the century after cotton farming was aban- 
doned. Irregular harvests led to the establish- 
ment of several different pine age classes. By 
1950, pines comprised the dominant and codominant 
crown classes with oaks, hickories, gums, elms 
(Ulmus spp,), ash (Fraxinus spp.) and red maple 
(Acer rubrum L.) joining pines in the intermediate 
canopy and understory, Shortleaf pine was the 
principal pine species at the top of the slope, 
growing on a Shubuta fine sandy loam, Shortleaf 

2/ Principal Economist, USDA, Forest Service, pine roerged into loblolly pine at midslope as the 
~outKern Forest Experiment Station, New Orleans, soil changed to a wetter Kirvin gravelly fine 
Louisiana. sandy loam, which continued into a stream bottom 



at the foot of the slope, The site is typical of 
many upland, rolling sites found in the Upper 
Coastal Plain throughout the South, 

Table I,-- Average stand basal area and volume per 
acre in 1982 fl 

A wildfire in 1950 had consumed most of the 
understory of pine and hardwood seedlings, sap- 
lings, and small poles, Mthough new pine seed- 
lings germinated prolifically on the exposed 
mineral soil, hardwood rootstocks resprouted 
vigorously and gained a dominant position. In 
1955, the land manager decLded to refease the pine 
seedlings by applying 2 pounds active ingredient 
per acre of 2,4,5-T using a tractor-ounteb mist- 
blower; this gave excellent control of hardwoods 
less than 35 feet ta1L.i" No fires have burned on 
the site since 1955. The only other silvicultural 
treatment was a thinning in 1974 that removed a 
portion of the pine sawtimber. 

When measured in August 1982, the stand 
contained an average per acre volume of 4,400 
board feet Doyle with a basal area per acre of 
68.5 square feet (table I). Site index, base age 
25, was 58 feet for loblolly and 47 feet for 
shortleaf, Heights and diameters were measured 
and increment cores were taken from 143 loblolly 
and 176 shortleaf pines, Twenty representative 
pines (based on the dbh distribution of all pines) 
were felled and sectioned to estimate height 
growth and change in bole taper, 

Based on limited information from prior 
studies, research foresters studying herbicide 
effects have hypothesized that southern pines 
respond to release by increasing diameter growth 
for approximately 5 years, After this response 
period, and in the absence of other siLvicultural 
treatments, rate of growth falls back to pre- 
spraying levels,~/ Consequently, periodic 
increments were measured for 5-year periods and 
data analyses constructed to test whether or not a 
response existed the first 5 years after spraying, 
1955-59, and whether or not the response, if one 
existed, had ended by 1959 or continued into the 
second 5-year period after release, 1960-64. 

Data analysis proceeded in the following 
steps: 

1). Calculation of diameter growth rate for 
each tree, Periodic diameter increlnents were 
determined from increment cores by measuring the 
widths of annual rings for 5-year periods 
(1950-54, 1955-59, 1960-64, 1965-69, 1970-74, and 
1975-79) to the nearest 0,025 inch. 

2 ) .  Establishment of a diameter growth trend 
for "no-treatment" time periods. Based on the 
hypothesis of a 5-year response period, diameter 

3/ William Henderson, T.L. James Co,, Ruston, - 
La,, personal comunication. Kenderson was the 
forester in charge of the release operation. 

4/ J*D, Haywood, T,E, Campbell, and J .L ,  
~ich%l, Southern Forest Experiment Stat ion, New 
Orleans, La,; R.H, Neill, Velsicol Chemical 
Company, Marietta, Ga.; and T.R. Glason, Louisiana 
Agricultural Experiment Station, Homer, La. 

Basal Vo lurne2i 
area 

International Doyle 

-square ft - ------ board feet------ 

Loblolly Pine 13,0 
Shortleaf Pine l6*0 
Mixed Oaks 28.4 
Other Hardwoods 11.1 

68-5  

1/ Based on 110 plots established on a 2- by 
* 

- 
2-chain spacing. 
2 1  International 114-Inch Rule calculates volume - 
in trees 6 inches dbh and Larger to a 4 inch top. 
Doyle Rule calculates volume in trees 10 inches 
dbh and larger to a 4-inch top. 

growth was sumaarized by diameter class for the 
periods when no response was expected (1950-54, 
1965-09, 1970-74, and 1975-79), This trend was 
used to project diameter growth bachards assuming 
an absence of treatment for the 1960-64 period, 
when continued response to release was question- 
able, and the 1955-53 period, when a response was 
expected, The no-treatment diameter growth trend 
was tested for sensitivity to variation in 
rainfall by time period and dbh size (also a 
surrogate for age), 

3). Calculation of the diameter response to 
spraying for an individual tree. This was the 
difference between projected no-treatment diameter 
increment and actual diameter increment for 
1955-44. Responses were calculated by diameter 
class. 

4). Evaluation of possible height and form 
class differences for treated stands. 

5). Estimation of volume differences, The 
diameter, height, and form class differences were 
combined to estimate volume response to spraying. 

Detailed methodology for analyzing the data, 
appropriate statistical tests and investment 
analyses employing the results are available from 
the author. 

Diameter Growth 

Eor both species, average periodic diameter 
increntent, calculated from increment cores, was 
significantly greater the first 5 years after 
spraying (1955-59) than any other 5-year period 
(table 2). The 1960-64 average periodic increment 
was also significantly greater than increments for 
all subsequent periods for both species. Conse- 
quently, most of the diameter growth response 
occurs the first 5 years after treatment, but some 
response was still seen the second 5 years, This 
finding conflicts with the hypothesis, based on 



Table 2.-- Average p e r i o d i c  diameter  increments  Table 3.--Average diameter  increments  by d i a a e t e r  
c l a s s  and per iod  

Per iod  Diameter Increment 

L o b l o l l y  Short  l e a f  

l / I n c r e m e n t s  followed by t h e  same l e t t e r  a r e  not  - 
s i g n i f e c a n t l y  d i f f e r e n t  a t  t h e  0-01 l e v e l ,  

l i m i t e d  information from p r i o r  s t u d i e s ,  t h a t  
r e s p o n s e  l a s t s  approximately 5 years .  Ongoing 
s t u d i e s  should be monitored f o r  a t  l e a s t  10 years  
a f t e r  r e l e a s e  t o  measure t h e  f u l l  diameter  growth 
r e s p o n s e  t o  r e l e a s e  i n  both l o b l o l l y  and s h o r t l e a f  
p ine ,  Economic d e c i s i o n s  based on increased  
growth f o r  only 3 t o  5 y e a r s  a f t e r  r e l e a s e  a r e  
based o n  only a p a r t  of t h e  t o t a l  d o l l a r  b e n e f i t s .  

Because  t h e  a r e a  was o p e r a t i o n a l l y  t r e a t e d ,  as 
opposed t o  a planned s tudy wi th  c o n t r o l s ,  an 
unspray-ed "check" a r e a  was no t  a v a i l a b l e ,  To 
e s t i m a r e  p ine  growth i n  t h e  absence of r e l e a s e ,  
d a t a  p a i r s  [dbh a t  t h e  s t a r t  of t h e  p e r i o d ,  
d i a m e t e r  increment dur ing  t h e  per iod]  f o r  t h e  
5-year per iods  wi th  no apparent  response t o  
h e r b i c F d e  r e l e a s e  (1950-54, 1965-69, 1970-74 and 
1975-79) were pooled i n t o  s e p a r a t e  d a t a  s e t s  f o r  
l o b l o l l y  and s h o r t l e a f  p ine .  There were 452 d a t a  
p a i r s  f o r  l o b l o l l y  and 513 p a i r s  f o r  s h o r t l e a f  
pine. There was no s i g n i f i c a n t  d i f f e r e n c e  (0,85 
l e v e l )  i n  r a i n f a l l  q u a n t i t y  among p e r i o d s ,  s o  t h e  
d a t a  w e r e  unaf fec ted  by p o s s i b l e  v a r i a t i o n s  i n  
s o i l  m o i s t u r e .  Each d a t a  s e t  was then  d iv ided  
i n t o  d i a m e t e r  c l a s s e s  ( l e s s  than  6 inches ,  8 i n c h ,  
1 2  i n c h ,  16 i n c h ,  and 18 inches  o r  g r e a t e r ) ,  and 
a v e r a g e  p e r i o d i c  diameter  increments  were calcu-  
l a t e d  f o r  each diameter  c l a s s .  Then t h e s e  average 
"no- t rea tment"  increments  were compared c l a s s  by 
c l a s s  t o  t h e  average increments  f o r  t h e  1955-59 
and 1960-64 p e r i o d s ,  Duncan" New Mul t ip le  Range 
Tes t  (Duncan 1955, Kramer 1956) was used t o  
e v a l u a t e  whether d i f f e r e n c e s  i n  average diameter  
i n c r e m e n t  among dbh c l a s s e s  were s i g n i f i c a n t ,  
Test  r e s u l t s  showed s i g n i f i c a n t  d i f f e r e n c e s  no t  
on ly  among t h e  1955-59, 1960-64, and no-treatment 
p e r i o d s  f o r  each dbh c l a s s ,  bu t  a l s o  response 
d i f f e r e n c e s  among dbh c l a s s e s  w i t h i n  each time 
period.  Consequently, the  t r e e s  were grouped i n t o  
t h r e e  d l a m e t e r  c a t e g o r i e s :  l e s s  than  10 inches  
dbh, 10 t o  14 inches  dbh, and g r e a t e r  than 14 
inches  d b h  ( t a b l e  3 ) .  The mean d iameter  growth 
r e s p o n s e  t o  r e l e a s e  f o r  each ca tegory  was 
c a l c u l a t e d  a s  t h e  sum of t h e  1955-59 and 1960-64 
i n c r e m e n t s  minus twice t h e  no-treatment increment 
( t a b l e  4) .  

Loblo l ly  Shor t  l e a f  

c l a s s  1959 1964 t r t m t i /  1859 1964 t r t m t  

1/The average diameter  increment f o r  t h e  - 
no-treatment time periods f o r  each dbh c l a s s ,  
2IWithin each s p e c i e s ,  increinents fol lowed by t h e  - 
same l e t t e r  a c r o s s  rows o r  w i t h i n  columns a r e  not  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0-05 l e v e l ,  

Table 4.--Average diameter  growth response t o  
r e l e a s e  

DBH E o b l o l l y  Short l e a f  D i f f e r e n c e  
c l a s s  p i n e  pine between s p e c i e s  

Volume Growth 

The d a t a  from t h e  f e l l e d  t r e e s  were ana lyzed  
t o  determine whether a h e i g h t  response t o  s p r a y i n g  
a l s o  occur red ,  but none was found f o r  e i t h e r  p i n e  
spec ies :  Taper changes were es t imated  by 
comparing diameter  increnaents a t  t h e  base of t h e  
1982 l i v e  crown wi th  t h e  diameter  increments  a t  
b r e a s t  h e i g h t ,  For 1obLolly p i n e ,  d iameter  
growth, i n s i d e  bark ,  a t  t h e  base of t h e  l i v e  crown 
averaged 0.71 inches  g r e a t e r  than p r o j e c t e d  from 
diameter  response a t  b r e a s t  h e i g h t .  The average 
i n c r e a s e  was 4 - 7  percent  of t h e  average i n s i d e  
bark diameter  a t  t h e  base of t h e  l i v e  crown, This  
d e c l i n e  i n  bo le  t a p e r  r e s u l t s  i n  volume i n c r e a s e s  
of 6 , 4  p e r c e n t  I n t e r n a t i o n a l  1/4-Inch Rule o r  8 
percent  Doyle Rule, These voluxme i n c r e a s e s  a r e  
e q u i v a l e n t  t o  an i n c r e a s e  of two form c l a s s  u n i t s  
(Hesavage and Gisard 1946). For s h o r t l e a f  p i n e ,  
t h e  smal l  t a p e r  change presen t  induced an  i n s i g -  
n i f i c a n t  (0,05 l e v e l )  volume d i f f e r e n c e ,  and was 
t h e r e f o r e  ignored,  Increased diameter  growth is 
t o t a l l y  r e s p o n s i b l e  f o r  t h e  s h o r t l e a f  volume 
increment due t o  r e l e a s e ,  

Pine dbh a t  time of spray ing  v a r i e d  from 1 t o  
22  i n c h e s ,  Analys i s  of increment c o r e s  demonstra- 
t e d  t h a t  t h e  p ines  from 1 t o  10 inches  (40 percen t  



of the total number) were younger, having been 
established after the 1950 wildfire. Pines 
between 10 and 14 inches (40 percent of the total 
number) were in the intermediate crown class at 
time of spraying, hence were older than the trees 
less than 10 inches dbh. Pines greater than 14 
inches dbh (20 percent of the total) were the 
oldest, with the dominant and co-dominant trees 
being essentially even-aged, Consequently, the 
three diameter class categories used to group mean 
diameter response also represent a stratification 
by age. 

Loblolly pines less than 10 inches responded 
the best of all diameter classes, adding nearly 
twice the diameter increment of shortleaf pine the 
same size. Pines in the 10 to 14 inch and greater 
than 14 inch categories showed little difference 
in diameter increment between species. Williston 
(1978) noted that loblolly pine can be expected to 
increase its proportionate share of a mixed 
loblolly-shortleaf pine stand when it is placed 
under management. The difference in diameter 
increment added to small (young) pines after 
release bears out Williston's contention. The 
results also suggest that if a manager has several 
young stands in need of release and a limited 
release budget, the stands with the highest pro- 
portion of loblolly pine should be released first. 
Because loblolly and shortleaf pine logs are 
direct substitutes in stumpage markets, treating 
the stands with the most loblolly pine first will 
maximize harvest returns. 

The low response by pines of both species in 
the 10 to 14 inches dbh class is not surprising, 
given that the stand had essentially three stories 
to the canopy at time of spraying, and the treat- 
ment proved most effective in killing hardwoods 
less than 35 feet tall, The 10 to 14 inch dia- 
meter class represents pines that were competing 
with hardwoods in the intermediate crown class at 
time of spraying. The spray did not rise high 
enough to significantly affect 40- to 60-foot 
hardwoods in the intermediate canopy. Conse- 
quently, the pines in that stratum still faced 
considerable competition for light, even though 
root competition from understory hardwoods was 
diminished. 

Pines greater than 14 inches dbh at the time 
of spraying, occupying dominant and co-dominant 
crown positions in the overstory, were apparently 
relieved of enough root competition from hardwood 
saplings and small poles in their imediate 
proximity to respond 25 percent better than pines 
in the intermediate canopy. Because of their 
crown position, competition for light was never a 
problem. Shortleaf pine response was best in this 
diameter class, 

The size of the response for pines greater 
than 14 inches suggests that investments in 
releasing older shortleaf or loblolly pine stands 
may provide better financial returns than 
previously suspected. Treatments applied 8 to 10 
years prior to harvest would not only provide 
additional pine stumpage volume, the return on the 

release investment would be realized much sooner 
than an investment in the release of a young stand 
that would not be harvested for at least 15 years, 
If older mixed pine-hardwood stands are treated 
prior to harvest, many of the expensive competi- 
tion control measures normally employed after 
harvest to prepare the site for regeneration may 
not be necessary. When both an existing stand and 
a future stand benefit from the same silvicultural 
treatment, this has s o w  federal income tax 
implications, For tax accounting purposes, the 
cost of the release treatment must be split 
between the stands in proportion to the benefit 
each obtains. The costs attributable to release 
can be deducted from current ordinary income, 
which is typically taxed at a much higher rate 
than long-term capital gains, The remaining 
portion of the release cost attributable to site 
preparation must be capitalized and offset against 
long-term capital gains at the rime when the 
future stand is harvested. Long-term capital 
gains--for individual taxpayers --are effectively 
taxed at only 40 percent of the ordinary income 
tax rate, The single exception to this statement 
is for the first $10,000 of reforestation 
expenses, which can be amortized over 8 tax years. 
Because larger shortleaf pine responded better 
than expected, more of the release costs can be 
attributed legitimately to release than previously 
thought possible. These tax implications make 
releasing older stands, especially shortleaf pine, 
even more economical. 
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COWARISOH OF LIQUID AMD SOLID N E W I N O N E  

FOWLATIONS FOR PINE R ~ E A S E ~ /  

2 / 3 1  J *  Minogue, B. R e  Z u f t e r ,  and D. H. Gjerstad--- 

Abs t rac t  -- Velpar E and 112 cc  V e L p a r  Brush K i l l e r  
p e l l e t s  were t e s t e d  a t  4 r a t e s  a t  each of 5 study lo- 
c a t i o n s  f o r  r e l e a s e  of Loblolly p ine  (Pinus taeda L.),  
Ef f icacy  of t he  two f o m u l a t i o n s  was g r e a t l y  in f luenced  
by s o i l  t ex tu r e .  m e r e  percent  sand was more than 60 per- 
c en t  hardwood dens i t y  reduc t ion  was g r e a t e r  f o r  t he  p e l l e t ,  
whi le  t he  l i q u i d  formula t ion  was roost e f f icaceous  f o r  more 
f i n e l y  tex tured  s o i l s .  Pine t o l e r ance  t o  herb ic ide  t r e a t -  
ments was in f luenced  by s o i l  t ex tu r e ,  herb ic ide  r a t e  and 
p l a n t a t i o n  a g e ,  Pine he ight  growth 3 t o  15 months a f t e r  
t reatment  was g r e a t e r  f o r  the  l i q u i d  f o m u l a t i o n ,  

With t h e  suspension of 2,4,5-T i n  1979 t h e r e  
was an i m e d i a t e  need t o  develop new p ine  r e l e a s e  
herb ic ides .  F o l i a r  sprays of hexazinone had 
demonstrated good t o l e r ance  t o  newly p lan ted  p ines  
and broad spectrum herbaceous weed con t ro l  
(OfLoughlin e t  a l e  1976) Rangeland t r i a l s  
e s t a b l i s h e d  i n  1945 and 1976 shawed he rb i c ide  
t o l e r a nce  f o r  sho r t l e a f  p ine  a t  r a t e s  of 
hexazinone which provided good l e v e l s  of hardwood 
k i l l  (Nicke ls  and S t r i t z k e  1977). Early f o r e s t r y  
t r i a l s  w i th  hexazinone i n  1976 involved t he  use of 
p e l l e t s  ( ~ o n z a l e z  1980) and l i q u i d s  (Newbold 1978) 
appl ied  i n  a g r i d  p a t t e r n  t o  t he  s o i l  sur face .  
This g r i d  concept had evolved from f i nd ings  of 
s t u d i e s  da t i ng  back t o  t he  1950's  involv ing  
s u b s t i t u t e d  urea  he rb i c ide s  (Meadors e t  a l e  1956, 
Darrow 1960, Mi l l e r  e t  a l e  1967, and Peevy 19711, 
Fores t ry  t e s t s  i n  t h e  e a r l y  1960's  w i th  t he  
s u b s t i t u t e d  urea  Dybar demonstrated more e f f e c t i v e  
hardwood con t ro l  when appl ied  i n  concentrated 
spo t s  i n  a  g r i d  p a t t e r n  than f o r  equal  r a t e s  i n  
broadcast  app l i c a t i ons  (Conzalez 1980). The 
t r i a z  i n e  he rb i c ide  kexaz inone, l i k e  t he  
s u b s t i t u t e d  urea  herb ic ides ,  i s  a  photosynthe t ic  
i n h i b i t o r  wi th  s o i l  a c t i v i t y ,  It was be l ieved  
t h a t  concent ra t ing  hexazinone i n  a  g r i d  p a t t e r n  
would be most e f f icaceous  and t h e  2 cc Velpar 
Gr idba l l  was developed f o r  t h i s  use. 

l /Pape r  presented a t  Southern S i l v i cu l t u r aP  
Research Conference, At lan ta ,  Georgia, Novaber  
7-8, 1984, 

' g i ~ e s e a r c h  Associate ,  Research Assoc ia te ,  and 
Assoc ia te  Professor ,  Alabma Agr i cu l t u r a l  
Experiment S t a t i on ,  School of Fores t ry ,  Auburn 
Univers i ty ,  Alabama 36849, 

3/The au thors  wish t o  express  t h e i r  s i n c e r e  
a pp re c i a t i on  t o  t he  f a l l w i n g  i nd iv idua l s  f o r  
t h e i r  a s s i s t a n c e  wi th  t h i s  s tudy:  G .  James, W. 
Garbe t t ,  M. Jones,  L. Rafl, J. k n n i n g ,  C. Manogue 
and C. S ib ley ,  

Two p r o b l a s  eomonly  encountered wi th  
app l i c a t i ons  of t he  2 cc Velpar Gr idba l l  f o r  p ine  
r e l e a s e  were p ine  m o r t a l i t y  when p e l l e t s  were 
placed ad jacent  t o  p ines  and poor con t ro l  of 
small  hardwoods w i th  l im i t ed  roo t  systems. 
Severa l  s o l i d  hexazinone f o m u l a t i o n s  Rave been 
t e s t e d  s i nce  1979 (Gonzalez 1983). The 112 c c  
10% a c t i v e  i ng red i en t  p e l l e t  has been t he  most 
e f f e c t i v e  p e l l e t e d  f o m u l a t i o n  w i th  respec t  t o  
hardwood con t ro l  and p ine  t o l e r ance  (Michael 
1981, Webb e t  a l .  1981, Minogue e t  a l ,  1982, 
GonzaLez 1983). In t h e  sp r i ng  of 1982 a 
connnercial 112 c c  10Z hexazinone product became 
a v a i l a b l e  but t he  manufacturer  withdrew t h i s  
formula t ion  due t o  economic c o n s t r a i n t s  i n  t h e  

e r  of 1983. A g r anu l a r  hexazinone 
f o m u l a t i o n ,  Pronone 10G, became ava i l ab l e  f o r  
commercial use i n  f i v e  Southern s t a t e s  under 
s t a t e  Spec ia l  Local Need (24-6) l a b e l s  i n  t h e  
sp r i ng  of 1983, and rece ived  Envi romenta l  
P ro t ec t i on  Agency r e g i s t r a t i o n  i n  t h e  l a t e  summer 
of 1983. When proper ly  appl ied ,  t he  granular  
f o m u l a t i o n  evenly d i s t r i b u t e s  t h e  herb ic ide  on 
t h e  s o i l  su r f ace  which provides b e t t e r  pine 
t o l e r ance  and e f f e c t i v e  hardwood con t ro l  - 
p a r t i c u l a r l y  f o r  small  hardwoods w i th  l im i t ed  
r o o t  systems ( ~ w e r y  19841, 

Recent r e s ea r ch  has i nves t i ga t ed  t he  use  of 
broadcast  f o l i a r  sprays  of Velpar L, a l i q u i d  
formula t ion  (Campbell 1982, Minogue e t  a l ,  1983, 
Griswold e t  a l e  1984). The l i q u i d  f o m u l a t i o n  
provi&es both f o l i a r  and s o i l  a c t i v i t y  when 
app l i ed  a s  a  broadcast  spray. Mixed r e s u l t s  have 
been repor ted  f o r  broadcast  f o l i a r  sprays  of 
hexaz inone, Campbell (1982) repor ted  poor 
hardwood con t ro l  f o r  broadcast  sprays a t  r a t e s  a s  
high a s  2 - 5  l b  aiJA on a s i t e  w i th  loamy f i n e  
sand t o  s i l t  l o r n  s o i l s ,  Resu l t s  on sandy c l ay  
loam s o i l s  were more pronrising ( ~ r i s v o l d  e t  a l .  
1984), 



Y h i s  paper p r e s e n t s  r e s u l t s  of hardwood 
c o n t r a  k and pine t o l e r a n c e  ob ta ined  w i t h  b roadcas t  
s p r a y s  of l i q u i d  hexazinone and s o i l  a p p l i c a t i o n s  
of 112 cc 10% hexazinone p e l l e t s  a t  v a r i o u s  r a t e s  
over  8- range of s o i l  t e x t u r e s ,  Although t h e  112 
cc  102  hexazinooe p e l l e t  i s  no longer  a v a i l a b l e ,  
r e s u l t c  8 of t h i s  s tudy provide a  v a l u a b l e  
c a p a r i s o n  of t h e  l i q u i d  formula t ion ,  a  product  
h a v i n g  both E o l i a r  and s o i l  a c t i v i t y ,  and a s o l i d  
f o m u L  a t i o n  which i s  a c t i v e  only through r o o t  
a b s o r p t i o n .  

V e l p a r  L  and 1 / 2  cc  Velpar Brush K i l l e r  
p e l l e e s  were t e s t e d  a t  4 r a t e s  a t  each of 5 s tudy 
l o c a t i o n s  f o r  r e l e a s e  of l o b l o l l y  p i n e  (P inus  
t a e d a  L.) (Table 1 ) .  A p r e s c r i p t i o n  r a t e  (x) was 
a s s i g a e d  t o  each s tudy l o c a t i o n  based on t h e  
 result;^ of s o i l  t e x t u r a l  ana lyses  and p l a n t a t i o n  
age. The l i q u i d  and p e l l e t e d  formula t ions  were 
t e s t e d  a t  t h e  x,  0.6x, 1 . 4 ~  and 2 . 0 ~  r a t e s .  
V e l p a r  L was a p p l i e d  a s  a  b roadcas t  f o l i a r  spray 
u s i n g  a C02 p r e s s u r i z e d  backpack sprayer  which 
gave a 30 f t  swath width. P e l l e t s  were a p p l i e d  by 
hand L n  a  square g r i d  p a t t e r n ,  P e l l e t  spacing was 
a d j u s t e d  t o  o b t a i n  t h e  v a r i o u s  h e r b i c i d e  r a t e s ,  
T r e a t m e n t s  were ass igned  i n  a randomized contplete 
b lock  design and r e p l i c a t e d  f o u r  times a t  each 
l o c a t L o n .  An u n t r e a t e d  cheek was inc luded  in each 
r e p l i c a t i o n  except f o r  t h e  North Caro l ina  s i t e .  

Trea tment  p l o t s  were 30 x  150 f t  w i t h  a  
minim- 10 f t  b u f f e r  between p l o t s ,  Pine and 
hardwood e v a l u a t i o n s  were conducted i n  August 
f o l l o w i n g  s p r i n g  h e r b i c i d e  a p p l i c a t i o n s  and i n  
Augus t  t h e  fo l lowing  y e a r ,  A l l  p ines  w i t h i n  a  10 
x  130 f t  p ine  measurement p l o t  cen te red  i n  t h e  
t r e a t m e n t  p l o t  were tagged and measured f o r  t o t a l  
height, diameter  a t  6  inches above ground l i n e ,  
h e r b i c i d e  damage code and t h e  V i r g i n i a  D i v i s i o n  of 
F o r e s t r y  Free t o  Grow C l a s s i f i c a t i o n  developed by 
T. A, Dierauf and J, W, Garner (unpublished) .  
Hardwoods were eva lua ted  i n  s i x  6.5 f t  r a d i u s  
c i r c u l a r  hardwood measurment  p l o t s  cen te red  on 
randonrly s e l e c t e d  p i n e s  w i t h i n  t h e  p ine  
m e a s u r  ernent p l o t ,  Hardwoods were eva lua ted  f o r  
s p e c i e s ,  l i f e  f o r n ,  h e i g h t  c l a s s ,  h e r b i c i d e  
s y m p t m  code and percen t  d e f o l i a t i o n .  

Pine h e i g h t  growth d a t a  were ana lyzed  
through a n a l y s i s  of covariance,  P ine  m o r t a l i t y  
d a t a  were analyzed through a n a l y s i s  of v a r i a n c e .  
Duncan's New Mult ip le  Range Test  was used  t o  
compare i n d i v i d u a l  t reatment  means a t  a  
s i g n i f i c a n c e  l e v e l  of 5 percen t  (a lpha  = 0.05). 

RESULTS AND DISCUSSION 

Hardwood Control  

Percen t  change i n  hardwood d e n s i t y  and 
percen t  p ine  m o r t a l i t y  ob ta ined  w i t h  l i q u i d  and 
p e l l e t e d  hexazinone formula t ions  a t  t h e  f i v e  
s tudy I s c a t i o n s  a r e  p resen ted  i n  F i g u r e  1. For a 
g iven  s o i l  t e x t u r e  hardwood c o n t r o l  i n c r e a s e d  
w i t h  i n c r e a s i n g  h e r b i c i d e  r a t e ,  e i t h e r  i n  a  
l i n e a r  f a s h i o n  o r  a t  a  decreas ing  r a t e ,  S o i l  
t e x t u r e  in f luenced  hardwood c o n t r o l  o b t a i n e d  w i t h  
t h e  l i q u i d  f o m u l a t i o n  r e l a t i v e  t o  t h e  p e l l e t e d  
formula t ion ,  The l i q u i d  f o m u l a t i o n  prov ided  
g r e a t e r  hardwood c o n t r o l  than equal r a t e s  of t h e  
p e l l e t  f o r  t h e  s i t e  w i t h  c lay  t e x t u r e ,  
Conversely, f o r  t h e  two s i t e s  wi th  loamy sand 
t e x t u r e  t h e  p e l l e t e d  formula t ion  r e s u l t e d  i n  
g r e a t e r  hardwood c o n t r o l  than  equal  r a t e s  of t h e  
l i q u i d .  For t h e  s i t e s  w i t h  s o i l  t e x t u r e  
i n t e r m e d i a t e  t o  c l a y  and l o m y  sand e q u a l  r a t e s  
of l i q u i d  and p e l l e t e d  hexazinoae produced 
s i m i l a r  r e s u l t s  i n  hardwood c o n t r o l ,  

Hexazinone i s  adsorbed by c lay  and o r g a n i c  
c o l l o i d s  and chemical h y d r o l y s i s  i s  a n  a c t i v e  
mechanism of t r i a z i n e  degrada t ion  i n  a c i d  
c o n d i t i o n s  (Amst rong  e t  a l .  1967). For t h e  c l a y  
s o i l  t h e  b roadcas t  spray of t h e  l i q u i d  
formula t ion  may have been more e f f i c a c e o u s  t h a n  
a p p l i c a t i o n  of t h e  p e l l e t s  t o  t h e  s o i l  because 
t h e  l i q u i d  f o m u l a t i o n  has both f o f i a r  and s o i l  
a c t i v i t y  whi le  t h e  p e l l e t e d  f o m u l a t i o n  i s  
absorbed only through r o o t  uptake. Adsorpt ion by 
c l a y  c o l l o i d s  and chemical degrada t ion  i s  l i k e l y  
t o  render  much of t h e  h e r b i c i d e  a p p l i e d  t o  a  c l a y  
s o i l  u n a v a i l a b l e  f o r  uptake by t h e  r o o t s  of 
u n d e s i r a b l e  hardwoods. Leaching of t h e  h e r b i c i d e  
i s  expected t o  g r e a t l y  i n f l u e n c e  hardwood c o n t r o l  
on sandy s o i l s .  B e t t e r  hardwood c o n t r o l  ob ta ined  
w i t h  t h e  s o l i d  f o r n u l a t i o n  on loamy sand s a i l s  i s  
l i k e l y  a  r e s u l t  of slow r e l e a s e  c h a r a c t e r i s t i c s .  

Table 1,--location, s o i l  s e r i e s ,  s o i l  t e x t u r e ,  p l a n t a t i o n  age and h e r b i c i d e  r a t e s  f o r  f i v e  s tudy l o c a t i o n s .  

Herbicide Rates  

B e l l m y ,  AL Luf k i n  C l  ay 2-3 1 .1 1.9 2.5 3.8 
South H i 1  1, V b  Cecil-Appling Sandy Clay Loam 2 0.9 1.5 2  .0 3 .O 
Rockimghm, NC Lockhart Sandy Loam 4 0.8 1.3 1.7 2.5 
C u t h b e r t ,  GA Lucy Loamy Sand 4 0,6 1,1 1.6 2.2 
P r a t t w i l l e ,  A& Rust i n  Loamy Sand 3 8,6 1 ,I 1 ,6 2  ,2 
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Figure  1.--Percent change i n  hardwood d e n s i t y  ( l i n e  g raphs)  and percen t  p i n e  m o r t a l i t y  ( b a r  graphs)  f o r  
v a r i o u s  r a t e s  of l i q u i d  (L) and p e l l e t e d  (P)  hexazinone, 



I n  order t o  examine t he  choice of hexazinone 
formulamion i n  a  q u a n t i t a t i v e  f a sh ion  t h e  
d i f f e r ed l ce  i n  percent  change i n  hardwood dens i t y  
was c a l c u l a t e d  a s  percent  change i n  hardwood 
d e n s i t y  with the  p e l l e t  minus percent  change i n  
hardwood dens i ty  with t h e  l i q u i d  f  onnulat ion,  For 
those  s p e c i e s  common t o  a l l  s i t e s :  sweetgurn 
(Liauidambar s t v r a c i f l u a  L . ) ,  oaks (Quercus spp.) 
and s m a c s  (Rhus spp.) t h e  d i f f e r ence  i n  percent  
change i n  hardwood dens i t y  exh ib i t ed  a  l i n e a r  
r e l a t i o n s h i p  wi th  percent  sand when mean va lue s  
f o r  e a c h  of t he  f i v e  s i t e s  were p l o t t e d  (F igure  
2 ) .  When the  d i f f e r ence  i n  percent  change i n  
hardwood dens i ty  i s  a  p o s i t i v e  va lue  t he  l i q u i d  
fonnulaLion  provided t h e  be s t  hardwood con t ro l  and 
when i t  i s  a  nega t ive  va lue  t he  p e l l e t  provided 
b e t t e r  con t ro l .  The r eg re s s ion  of d i f f e r e n c e  i n  
pe r c en t  change i n  hardwood dens i ty  and percent  
sand i n t e r c e p t e d  t he  0  d i f f e r e n c e  i n  percent  
change i n  hardwood dens i t y  a t  60 percent  sand. 
The p e l l e t  and l i q u i d  formula t ion  a r e  expected t o  
p rov ide  s im i l a r  hardwood con t ro l  when percent  sand 
i s  n e a r  60 percent .  When percent  sand i s  g r e a t e r  
than  60  percent  t he  p e l l e t  i s  expected t o  provide 
g r e a t e r  hardwood con t ro l  and when percent  sand i s  
l e s s  t h a n  60 percent  t h e  l i q u i d  formula t ion  i s  
e x p e c t e d  t o  provide b e t t e r *  hardwood cont ro l .  

Regressions were conducted t o  d e t e m i n e  t h e  
propor t ion  of v a r i a b i l i t y  i n  hardwood d e n s i t y  
change explained by herb ic ide  r a t e ,  f o m u l a t i o n  
and s o i l  f a c t o r s   able 2) .  The v a r i a b l e  P-L 
Density was used a s  a f a c t o r  i n  t he  r e g r e s s i o n  
model t o  account f o r  t he  d i f f e r ence  i n  hardwood 
con t ro l  ob ta ined  w i th  the  p e l l e t  and Liquid 
f o m u l a t i o n  a s  a  f unc t i on  of percent  sand (F igure  
2 ) ,  P-L Density was ca l cu l a t ed  as:  P-L Densi ty 
= Product x -1.2 ( X  Sand - 601, where Product  = O 
f o r  l i q u i d  and 1 f o r  p e l l e t ,  v a lue s  were 
determined f o r  t h r e e  spec ies  comon t o  t h e  f i v e  
l oca t i ons  : sweetgum, sumacs and oaks. S ing l e  
v a r i a b l e  models could expla in  from 13 t o  33 
percent  of t h e  v a r i a t i o n  i n  hardwood d e n s i t y  
change. Percent  c lay  explained more v a r i a t i o n  
than  percent  sand, Two v a r i a b l e  models could 
exp l a in  from 43 t o  69 percent  of t he  v a r i a t i o n  i n  
hardwood dens i t y  reduc t ion  whi le  t h r e e  v a r i a b l e  
models could exp l a in  from 52 t o  78 percent ,  I n  
two v a r i a b l e  r eg r e s s ion  models i nco rpo ra t i ng  r a t e  
and s o i l  t e x t u r e  v a r i a b l e s  both v a r i a b l e s  were 
s t a t i s t i c a l l y  s i g n i f i c a n t  which i l l u s t r a t e s  t h a t  
t h e  e f f i c a c y  of a  given r a t e  i s  dependent on s o i l  
t ex ture .  Di f fe rences  between spec ies  a r e  shown 
f o r  R2 va lues  obtained wi th  a  given model. 
Higher R~ va lues  were found f o r  oaks t han  t h e  
o the r  spec ies ,  which i s  reasonable s i n c e  oaks a r e  
s suscep t i b l e  spec ies .  Morphological and 
phenological  c h a r a c t e r i s t i c s  of a  spec i e s  
in f luence  t h e  impact va r i ous  f a c t o r s  have on 
he rb i c ide  e f f i c acy .  

Table 2.--Proportion of v a r i a t i o n  i n  hardwood 
dens i t y  change explained by hexazinone r a t e ,  
fo rmula t ion  and s o i l  f a c to r s .  

Rate 
% Sand 
%: Clay 
P-L ~ e n s i t ~ u  

Sweet~um Sumac Oak -------- ~2 values------ 

Rate % Sand .47 .43 .63 
Rate % Clay -60 .51 .69 
Rate P-L Density .45 .62 .66 

Rate % Sand P-L Density -52 .63 .74 
Rate % Clay P-L Density .62 .66 .78 
Rate % Sand X Clay .7 2 . 54 .7 0 

1/~-L Density i s  def ined  i n  t h e  t ex t .  

F igure  2,--Regression f o r  t he  d i f f e r ence  i n  per- 
c e n t  change i n  hardwood dens i t y  ( dens i t y  change 
w i th  p e l l e t  minus dens i t y  change w i th  l i q u i d )  
and p e r c e n t  sand, Po in t s  on t h e  r eg r e s s ion  
l i n e  a r e  mean va lue s  f o r  each of 5  study 
l o c a t i o n s  (M = s lope ) .  



Pine Nor t a l  i t y  

Very l i t t l e  p ine  m o r t a l i t y  was observed f o r  
h e r b i c i d e  t rea tments  a t  t h e  s i t e  wi th  c l a y  s o i l ,  
The u n t r e a t e d  cheek r e s u l t e d  i n  t h e  g r e a t e s t  p i n e  
m o r t a l i t y  but  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  a o n g  t rea tments .  A t  t h e  s i t e  w i t h  
saoidiy c l a y  foam t e x t u r e  t h e  l i q u i d  gave much 
greater gine m o r t a l i t y  than t h e  p e l l e t  a t  t h e  1.5,  
2.0 and 3.0 Lb  ail^ r a t e s  al though these  
d i f f e r e n c e s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  due 
t o  l i m i t e d  sample s i z e  and v a r i a b i l i t y  between 
r e p l i c a t i o n s ,  For t h e  sandy loam s o i l  t h e  l i q u i d  
r e s u l t e d  i n  g r e a t e r  g i n e  m o r t a l i t y  than t h e  p e l l e t  
bu t  a g a i n  comparisons of t h e  two f o m u l a t i o n s  a t  a  
given r a t e  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5 percen t  l e v e l .  

For a given h e r b i c i d e  r a t e  g r e a t e r  p i n e  
m o r t a l i t y  was obsemed on t h e  s i t e  having a  sandy 
c l a y  l o r n  t e x t u r e  than f o r  the  sandy loam s i t e ,  
even though a  sandy l o r n  i s  a  more porous s o i l .  
This  d i f f e r e n c e  may be due t o  p l a n t a t i o n  age. The 
p l a n t a t i o n  on t h e  sandy c l a y  loam s i t e  was i n  i t s  
second growing season w h i l e  t h e  p l a n t a t i o n  on t h e  
s i t e  w i t h  a  sandy foam t e x t u r e  was i n  i t s  f o u r t h  
growing season. Opera t iona l  t e s t s  w i t h  hexazinone 
seem t o  i n d i c a t e  t h a t  p ine  t o l e r a n c e  t o  hexazinone 
t r e a t m e n t s  i n c r e a s e s  w i t h  p l a n t a t i o n  age. 

For both l o c a t i o n s  on l o m y  sand s o i l s  t h e  
p e l l e t  r e s u l t e d  i n  g r e a t e r  p ine  m o r t a l i t y  than  t h e  
l i q u i d  f o m u l a t i o n ,  At t h e  Georgia  s i t e  t h e  
p e l l e t  gave g r e a t e r  p i n e  m o r t a l i t y  a t  t h e  1.1, 1 ,6  
and 2.2 l b  a i / A  r a t e s  a l though  t h e  d i f f e r e n c e  was 
s i g n i f i c a n t  only f o r  comparisons of t h e  two 
f o m u l a t i o n s  a t  l e 6  and 2.2 l b  ai/A. At t h e  
Alabama s i t e  t h e  p e l l e t  produced much g r e a t e r  p ine  
m o r t a l i t y  than t h e  l i q u i d  a t  a l l  r a t e s  but  only 
comparisons of t h e  two f o m u l a t i o n s  a t  1.6 and 2.2 
l b  a i / A  were s i g n i f i c a n t l y  d i f f e r e n t ,  Although 
t h e  Georgia  and Afabma s i t e s  had n e a r l y  i d e n t i c a l  
s o i l  t e x t u r e ,  equal  h e r b i c i d e  r a t e s  r e s u l t e d  i n  
f a r  g r e a t e r  p ine  m o r t a l i t y  a t  t h e  Alabama s i t e ,  
The Georgia  s i t e  was t r e a t e d  a t  t h e  beginning of 
t h e  f o u r t h  growing season  w h i l e  the  Alabma s i t e  
was e n t e r i n g  t h e  t h i r d  growing season. B e t t e r  
h e r b i c i d e  t o l e r a n c e  was ob ta ined  i n  t h e  o l d e r  
s tand.  

The propor t ion  of v a r i a t i o n  i n  p ine  m o r t a l i t y  
exp la ined  by r e g r e s s i o n  models us ing  h e r b i c i d e  
r a t e ,  f o m u l a t i o n  and s o i l  f a c t o r s  i s  given i n  
Table 3.  S ing le  v a r i a b l e  models could e x p l a i n  
from 6 t o  10 percen t  of t h e  v a r i a b i l i t y  i n  p ine  
m o r t a l i t y ,  As f o r  h a r h o a d  d e n s i t y  change percen t  
c l a y  shawed a b igher  It2 va lue  than percen t  sand, 
Rate and t e x t u r e  had an  e f f e c t  on p ine  m o r t a l i t y  
a s  r a t e  and t e x t u r e  v a r i a b l e s  were always 
s t a t i s t i c a l l y  s i g n i f i c a n t  i n  2 v a r i a b l e  models. 
Two v a r i a b l e  models could e x p l a i n  a s  much a s  31 
p e r c e n t  of t h e  v a r i a t i o n  w h i l e  t h r e e  v a r i a b l e  
models explained 34 t o  50 percen t  of t h e  v a r i a t i o n  
i n  p ine  m o r t a l i t y ,  With a f o u r  v a r i a b l e  model 59 
percen t  of the  v a r i a t i o n  was explained,  I n  
g e n e r a l ,  r e g r e s s i o n  models could e x p l a i n  more of 
t h e  v a r i a t i o n  i n  hardwood d e n s i t y  change than f o r  

p ine  m o r t a l i t y .  T t  i s  u n f o r t u n a t e  t h a t  p ine  
h e i g h t s  were n o t  eva lua ted  b e f o r e  t rea tment  
because t h e  s i z e  and v i g o r  of p ines  g r e a t l y  
e f f e c t s  h e r b i c i d e  to le rance .  Since p ine  h e i g h t  
was n o t  eva lua ted  u n t i l  60 t o  90 days a f t e r  
t rea tment  p i n e  h e i g h t  was no t  included a s  a  
v a r i a b l e  i n  r e g r e s s i o n  models. 

Table 3,--Proportion of v a r i a t i o n  i n  pine =or- 
t a l i t y  exp la ined  by hexazinone r a t e ,  formu- 
l a t i o n  and s o i l  f a c t o r s .  

Rate  
Z Sand 
% Clay 

Rate X Sand 
Rate X Clay 

~2 v a l u e s  

Rate 7; Sand -34  
Rate X Clay .37 
Rate % Sand X Clay .36 
Rate % S i l t  % SA/ ( %  S I  + % CL) .50 

Rate % S i l t  % SA % SA/ (I S I  + % CL) .59 

Pine Height Growth 

Pine he igh t  growth dur ing  t h e  per iod  3  t o  1 5  
months a f t e r  t rea tment  f o r  t h e  v a r i o u s  r a t e s  and 
two formula t ions  a t  t h e  f i v e  s tudy l o c a t i o n s  i s  
presen ted  i n  F igure  3. General ly  t h e  g r e a t e s t  
p i n e  he igh t  growth was ob ta ined  w i t h  t h e  l i q u i d  
formula t ion ,  This  was t r u e  even on t h e  loamy 
sand s i t e s  where t h e  p e l l e t  provided b e t t e r  
hardwaod c o n t r o l .  Very e a r l y  he igh t  growth 
response t o  r e l e a s e  t rea tments  i s  more l i k e l y  t o  
be a f f e c t e d  by herbaceous weed c o n t r o l  than  by 
hardwood c o n t r o l .  The l i q u i d  formula t ion  i s  more 
e f f e c t i v e  f o r  herbaceous weed c o n t r o l  which may 
e x p l a i n  t h e  t r e n d s  i n  p ine  h e i g h t  growth 
response. For t h e  s i t e s  w i t h  sandy loam and 
loamy sand t e x t u r e  high r a t e s  of t h e  l i q u i d  
formula t ion  r e s u l t e d  i n  reduced p i n e  h e i g h t  
growth due t o  h e r b i c i d e  i n j u r y .  On c lay  and 
sandy c lay  10m s i t e s  t h e  l i q u i d  f  o r n u l a t i o n  
r e s u l t e d  i n  increased  p ine  h e i g h t  growth wi th  
i n c r e a s i n g  r a t e .  Except f o r  t h e  sandy loam and 
l o m y  sand Alabma s i t e s  p i n e  h e i g h t  growth 
increased  w i t h  i n c r e a s i n g  r a t e  w i t h  t h e  p e l l e t e d  
f o r n u l a t i o n .  With i n c r e a s i n g  r a t e  t h e  number of 
"gr id  spo ts"  o r  p e l l e t  d e n s i t y  i n c r e a s e s  
p rov id ing  g r e a t e r  l e v e l s  of herbaceous weed 
c o n t r o l .  An i n t e r e s t i n g  t r e n d  shown a t  a l l  
l o c a t i o n s  i s  a  convergence i n  p ine  he igh t  growth 
response f o r  comparisons of t h e  l i q u i d  and 
p e l l e t e d  f o m u l a t i o n s  a t  h igh  r a t e s .  This  may be 
t h e  r e s u l t  of a  d i r e c t  n e g a t i v e  e f f e c t  on p i n e  
h e i g h t  growth w i t h  high r a t e s  of t h e  l i q u i d  
f o m u l a t i o n  a s  w e l l  a s  g r e a t e r  l e v e l s  of 
herbaceous weed c o n t r o l  ob ta ined  w i t h  increased  
p e l l e t  d e n s i t y ,  
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Figure  3 .--Pine he ight  growth 3 t o  15 months fol lowing treatment  f o r  l i q u i d  CL) and p e l l e t e d  (PI hexazinone 
f o r m u l a t i o n s  wi th  t h e  va r i ous  r a t e s  t e s t e d  a t  5 l oca t i ons ,  



CONCLUSION 

The e f f i c a c y  of l i q u i d  and p e l l e t e d  
hexazinone f o m u l a t i o n s  i s  g r e a t l y  in f luenced  by 
s o i l  t e x t u r e .  The c o n c e n t r a t i o n  of h e r b i c i d e  i n  
t h e  soil.  s o l u t i o n  a v a i l a b l e  f o r  uptake by 
u n d e s i r a b l e  hardwoods i s  e f f e c t e d  by t h e  r a t e  of 
leaching, s o i l  a d s o r p t i o n  and h e r b i c i d e  
degrada t ion ,  On sandy s o i l s  t h e  p e l l e t e d  
f o r n u l a t i o n  provided g r e a t e r  hardwood c o n t r o l .  
Conversely, on c lay  s o i l s  t h e  l i q u i d  formula t ion  
o u t g e r f s m e d  t h e  p e l l e t .  A l i n e a r  r e l a t i o n s h i p  
was s h m n  f o r  t h e  d i f f e r e n c e  i n  percen t  change i n  
hardwood dens i ty  ( d e n s i t y  change w i t h  t h e  p e l l e t  
minus d e n s i t y  change w i t h  t h e  l i q u i d  f  o r n u l a t i o n )  
and percen t  sand. Bardwood c o n t r o l  i s  expected t o  
be s i m i l a r  f o r  the  two f o m u l a t i o n s  where percen t  
sand i s  near  60 percen t .  The p e l l e t  i s  expected 
t o  be more ef f i c a c e o u s  f o r  s o i l s  w i t h  g r e a t e r  than  
60 percen t  sand and t h e  l i q u i d  f o r n u l a t i o n  i s  
favored  f o r  s o i l s  w i t h  l e s s  than  60 percen t  sand. 
Regression models i n c o r p o r a t i n g  h e r b i c i d e  r a t e ,  
f o m u l a t i o n  and s o i l  t e x t u r e  f a c t o r s  could e x p l a i n  
up t o  78 percen t  of t h e  v a r i a t i o n  i n  hardwood 
d e n s i t y  change. 

G r e a t e r  p ine  m o r t a l i t y  was ob ta ined  a t  s i t e s  
w i t h  sandy s o i l  t e x t u r e  than f o r  h igher  h e r b i c i d e  
r a t e s  a t  s i t e s  w i t h  more f i n e l y  t e x t u r e d  s o i l s .  
Except f o r  t h e  s i t e  w i t h  sandy loam t e x t u r e  t h e  
f o m u l a t i o n  prov id ing  t h e  b e s t  hardwood c o n t r o l  
a l s o  r e s u l t e d  i n  t h e  g r e a t e s t  p ine  m o r t a l i t y .  
P l a n t a t i o n  age g r e a t l y  in f luenced  p ine  m o r t a l i t y  
w i t h  p ine  t o l e r a n c e  being b e t t e r  i n  o l d e r  s tands .  
Regression models i n c o r p o r a t i n g  h e r b i c i d e  r a t e ,  
f o m u l a t i o n  and s o i l  t e x t u r e  f a c t o r s  could e x p l a i n  
up t o  59 percen t  of t h e  v a r i a t i o n  i n  p ine  
m o r t a l i t y .  

At a l l  s tudy l o c a t i o n s  p ine  he igh t  growth 3  
t o  15 months fo l lowing  t rea tment  was g r e a t e s t  f o r  
t h e  l i q u i d  formula t ion ,  even where p e l l e t s  
provided g r e a t e r  hardwood d e n s i t y  change. Ear ly  
he igh t  growth response t o  r e l e a s e  t rea tments  i s  
thought t o  be due t o  herbaceous weed c o n t r o l  which 
i s  b e t t e r  f o r  the  l i q u i d  formula t ion  than 
c m p a r a b l e  r a t e s  of t h e  p e l l e t ,  For both 
f o m u l a t i o n s  p ine  he igh t  growth increased  w i t h  
i n c r e a s i n g  r a t e  except f o r  t h e  s i t e s  w i t h  sandy 
loam and loamy sand t e x t u r e s .  At these  s i t e s  t h e  
1 . 4 ~  and 2 . 0 ~  r a t e s  of both formula t ions  r e s u l t e d  
i n  l e s s  p ine  he igh t  growth when compared t o  t h e  
lower r a t e s ,  
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JAPANESE HONEYSUCKLE AED ASSOCIATED GROUND COVER INHIBIT 

ESTABLISYMENT AND GROWTH OF PINE SEEDLINGS I N  ALL-AGE3  STAND^/ 
Michael C. Cain 2/ 

Abst rac t . - -The  e f f e c t s  of  J a p a n e s e  honeysuck l e  and 
a s s o c i a t e d  ground c o v e r  on e s t a b l i s h m e n t ,  s u r v i v a l ,  and 
g r o w t h  of  n a t u r a l  p i n e  s e e d l i n g s  we re  i n v e s t i g a t e d  i n  a n  
al l -aged l ob lo l l y - sho r t l e a f  p i n e  s t a n d  i n  s o u t h  Arkansas.  
A mechanical t r e  ment ( c u t t i n  and two he rb i c ide  t r e a t -  
men t s  ( A m i t r o l  & and Y e l p a d L ,  e ach  a p p l i e d  a t  4 l b  
a.e.facre) were compared t o  a  cont ro l .  A f t e r  t h r e e  growing 
s e a s o n s ,  mean t o t a l  h e i g h t  and mean g r o u n d l i n e  d i a m e t e r  
r a n k i n g  of  s u r v i v i n g  p i n e  s e e d l i n g s  by t r e a t m e n t  was a s  
fol lows:  Velpar > mechanical > Amitrol  > control .  Surv iva l  
of pine seed l ings  was not  improved by r e l e a s e  t reatments .  
Throughout  t h e  3 -yea r  s t u d y  p e r i o d ,  V e l p a r  L was more 
e f f e c t i v e  than Amitrol  T f o r  reduc t ion  of Japanese honey- 
suckle .  

INTRODUCTION 

N a t u r a l  r e g e n e r a t i o n  o f  l o b l o l l y  a n d  
s h o r t l e a f  p i n e  ( P i n u s  t a e d a  L. and e c h i n a t a  
 ill.) o f t e n  p r o v i d e s  a  more  a t t r a c t i v e  
r e f o r e s t a t i o n  a l t e r n a t i v e  f o r  t h e  S o u t h ' s  
p r i va t e ,  non indus t r i a l  landowners than i n t ens ive  
a r t i f i c i a l  r e g e n e r a t i o n  because  of l o w e r  e s t a -  
b l i s h m e n t  c o s t s .  However, competing vege ta t ion  
c a n  have  a n  a d v e r s e  e f f e c t  on t h e  e s t a b l i s h m e n t  
and e a r l y  growth of n a t u r a l  pine seedlings.  

Control  of herbaceous weeds i n  l o b l o l l y  p ine  
p l a n t a t i o n s  d u r i n g  t h e  f i r s t  few y e a r s  a f t e r  
p l a n t i n g  h a s  produced d r a m a t i c  g rowth  a c c e l e r -  
a t i o n  of  p i n e s  (Nelson  and o t h e r s  1881). I n  
a d d i t i o n  t o  compe t ing  w i t h  p i n e  s e e d l i n g s  f o r  
s o i l  moisture,  n u t r i e n t s ,  sun l i gh t ,  and growing 
s p a c e ,  some  w e e d s  mag e v e n  p o s e  p a r a s i t i c  
( ~ u s s e l m a n  and  Mann 2978) o r  a l l e l o p a t h i c  
i n f l ue nces  ( ~ r i e s t e r  and Pennington 1978, F i she r  
1980, H o l l i s  and o the r s  1982). 

J a p a n e s e  honeysuck l e  ( ~ o n i c e r a  j a p o n i c a  
Tbunb.) is a  problem i n  f o r e s t  management because 
it f o r m s  a dense  mat of  v e g e t a t i o n  t h a t  can  
s m o t h e r  s h r u b s ,  s e e d l i n g s ,  and s a p l i n g s ,  t h u s  

1' Paper  presented a t  the  Third Biennia l  Southern 
S i l v i c u i t u r a l  Resea r ch  C o n f e r e n c e ,  A t l a n t a ,  
Georgia, November 7-8, 1984. 

i n h i b i t i n g  t h e  e s t a b l i s h m e n t  of  a  new c r o p  of  
t r e e s .  Even though t h i s  he rbaceous  s p e c i e s  h a s  
been judged a  s e r i o u s  problem t o  r e f o r e s t a t i o n  
 elso son 1953), i t  is an important  year-round food 
i t e m  f o r  a  number of  w i l d l i f e  s p e c i e s  ( ~ h e l d o n  
and Causey 1974). Because i t  is a  fas t - spreading  
v i n e ,  J a p a n e s e  honeysuck l e  c an  s t a b i l i z e  s o i l  
where e r o s i o n  i s  imminen t  ( ~ a c k s o n  1974). The 
vine was introduced i n t o  the  United S t a t e s  from 
As i a  and became n a t u r a l i z e d  t h r o u g h o u t  t h e  
s o u t h e a s t .  S i n c e  J a p a n e s e  h o n e y s u c k l e  i s  
mode ra t e  i n  s h a d e  t o l e r a n c e   lair 1982),  i t  
r a p i d l y  c o l o n i z e s  f o r e s t  s t a n d s  f r o m  s e e d  
d i s s e m i n a t e d  by b i r d s  o r  v e g e t a t i v e l y  f rom 
s t o l o n s  t h a t  may s p r e a d  up t o  15  f e e t  a  y e a r  
(Mende r  1961 ). 

The problem w i t h  J a p a n e s e  honeysuck l e  i s  
t h a t  i t  canno t  be c o n f i n e d  t o  s p e c i f i c  a r e a s .  
Some t e m p o r a r y  c o n t r o l  methods f o r  J a p a n e s e  
honeysuckle have included t he  use of he rb i c ide s ,  
burning, plowing, mulching, grazing,  and vegeta- 
t i v e  c o n v e r s i o n   render 1961, Shipman 1962,  
Jackson 1974, Barden and Matthews 1980). 

This paper d i s cus se s  t he  e f f e c t s  of Japanese 
honeysuck l e  and a s s o c i a t e d  ground c o v e r  on t h e  
development of n a t u r a l  p ine  seed l ings  i n  an a l l -  
aged (uneven-aged) l ob lo l l y - sho r t  l e a f  pine s tand.  

- '/ A s s o c i a t e  S i l u i c u l t u r i s t ,  S o u t h e r n  F o r e s t  
E x p e r i m e n t  S t a t i o n ,  USDk F o r e s t  S e r v i c e ,  
C ros se t t ,  Arkansas 71 635. 



Study Area 

Th e s t u d y  was  l o c a t e d  on  t h e  C r o s s e t ?  
Expe r imen t a l  Fores t ,  Ashley County, Arkansas, i n  
a  7 4 - a c r e  loblolly-short leaf p i n e  s t a n d  managed 
u n d e r  t h e  s e l e c t i o n  s y s t e m  s i n c e  t h e  2970's. 
S o i l  o m  t h e  s t u d y  a r e a  i s  Bude s i l t  l oam 
( 6 l o s s a  q u i c  ~ r a g i u d a l f s ) ;  t h e  s i t e  i n d e x  i s  90 
f e e t  a t  50 years  f o r  l o b l o l l y  pine. 

Unders tory  growth i n  t he  s tand  was reduced 
by r o t a r y  mowing i n  t h e  summer of 1978, and a  
cut t ing-cycle harves t  was made us ing  s i ng l e - t r e e  
s e l e c t i o n  i n  t h e  f a l l  o f  1979. A f t e r  t h e  1979 
ha rves t  , pine saw l o g .  volume averaged 7,200 board 
f e e t  p e r  acre  ( ~ o ~ l e )  w i th  81 square f e e t  of pine 
ba sa l  a T e a  per  acre  i n  s tems  >4 inches dbh. 

W h e n  t h e  p r e s e n t  r e s e a r c h  s t u d y  was  
i n s t a l l e d  i n  t h e  s p r i n g  of  1981, t h e  s t a n d  ap-  
p e a r e d  t o  be  o p e n  a n d  p a r k l i k e ,  b u t  h a d  a  
mode ra t e  t o  dense ground cover of Japanese honey- 
suc k l e  a n d  o the r  he rbaceous  s p e c i e s  t h a t  ranged  
up t o  4- f e e t  i n  h e i g h t .  The r a t i o  of  J a p a n e s e  
honeysuckle  t o  o the r  preva len t  herbaceous spec i e s  
( ~ t e r i d l u m ,  Rhus, Rubus, Smilax, and V i t i s  spp.) 
was a b s u t  4 t o  1 i n  t e r m s  of  p e r c e n t  g round 
cover. The presence of  hardwood t r e e s  and shrubs 
was no t  obvious because of t he  mowing t rea tment  3 
y e a r s  e a r l i e r .  

Study I n s t a l l a t i o n  

In  t h e  s p r i n g  o f  1981, s i x t e e n  0.1-acre 
c i r c u l a r  p l o t s  we re  e s t a b l i s h e d  w i t h i n  t h e  
uneven-aged stand. A t o t a l  of 15 pine s eed l i ngs  
( s t e m s  $ . w i n c h  dbh) was s e l e c t e d  t o  m o n i t o r  
growth on t he  i n t e r i o r  0.05-acre subplo t  of each 
0.1-acre gross  plot .  P r i o r  t o  t rea tment ,  the  15 
p r e s e l e c t e d  s e e d l i n g s  p e r  s u b p l o t  were  t agged ,  
and t o t a l  h e i g h t  o f  e ach  was measured  t o  t h e  
n e a r e s t  0.05 f o o t .  P l o t s  were  t h e n  b locked  on 
t he  b a s i s  of mean t o t a l  he igh t s  of measured seed- 
l i n g s ,  and f o u r  t r e a t m e n t s  were  a s s i g n e d  a t  
randorn w i t h i n  each block. 

An undisturbed c o n t r o l  was compared wi th  one 
mechanica l  and two chemical  t reatments .  In t h e  
mechanical t r e a t m e n t ,  a l l  p i n e  s e e d l i n g s  were  
r e l e a s e d  by c u t t i n g  low-growing ground campeti- 
t i o n  w i t h i n  a I - f o o t  r a d i u s  o f  e a c h  s t e m .  
Cu t t i ng  was done wi th  a gasoline-powered, nylon- 
l i n e  t r i m m e r  (Weed E a t e r  Model 457) p l u s  hand 
t r i m m i n g .  Woody c o o l p e t i t i o n  <0.6 i n c h  dbh was 
a l s o  c u t .  N e c h a n i c a l  r e l e a s e  was done f o u r  t o  
f i v e  t i m e s  during each of t h r e e  growing seasons 
a t  i n t e r v a l s  of approximately 4 t o  6 weeks. 

chemical t rea tments  were Amitrol  @ 
and yTehlep;@ L. Manufac tu r e r s i  l a b e l s  s p e c i f y  
t h a t  t h e s e  two h e r b i c i d e s  a r e  s u i t a b l e  f o r  
con t ro l  of Japanese honeysuckle. Each he rb i c ide  
was appl ied  a t  the  r a t e  of 4 pounds a.e. pe r  a c r e  
i n  a 6 0 - g a l l o n  w a t e r  s o l u t i o n  p e r  acre. S i n c e  
b o t h  h e r b i c i d e s  can  i n j u r e  c o n i f e r s ,  each p i n e  
s e e d l i n g  was s h i e l d e d  w i t h  a ? - i n c h  diameter 
s t o v e  p i p e  at t h e  t i m e  of  s p r a y i n g .  F o l i a r  
s p r a y i n g  was done  u s i n g  kand-operatee, backpack 
punps ( so lo  Xodei 025). Cherrical a p p l i c a t i o n  was 
a one - t ime  t r e a t m e n t  (Kay I ? ,  1984) and was C O ~ ;  
repeated dur ing  t he  coarse cf t h e  study. 

At t h e  end of  t h e  1981, 1 9 8 2 ,  and 1935 
g rowing  s e a s o n s ,  s u r v i v a l  of measurement  s eed -  
l i n g s  was a s s e s s e d  and  t o t a l  h e i g h t s  w e r e  
remeasured t o  the  nea r e s t  0.1 foo t .  I n  September 
1983, g r o u n d l i n e  d i a m e t e r s  were t a k e n  t o  t h e  
n e a r e s t  0.1 i n c h  on a l l  s u r v i v i n g  measurement  
seedl ings.  Density of pine seed l ings  t h a t  became 
e s t ab l i shed  during the  3 years  fo l lowing  t r ea t -  
ment was determined a t  the  sane t ime by s a m p l ~ n g  
f o u r  s y s t e m a t i c a l l y  e s t a b l i s h e d  m i l a c r e s  p e r  
0.05-acre i n t e r i o r  s u b p l o t .  

O c u l a r  e s t i m a t e s  f o r  p e r c e n t  r e d u c t i o n  of 
J a p a n e s e  honegsuck l e  were made on A m i t r o l  and 
V e l p a r  p l o t s  a t  t h e  end of  each g rowing  s e a s o n  
f o r  3 y e a r s .  U n t r e a t e d  a r e a s  c o n t i g u o u s  t o  t h e  
p l o t s  were used f o r  judging percent  reduc t ion  a t  
2 0-percent i n t e r v e l s .  

A t  t h e  b e g i n n i n g  of t h e  s t u d y ,  o v e r s t o r y  
p i n e  b a s a l  a r e a  had  been t a k e n  a t  e a c h  p l c t  
c en t e r  us ing  a  10- fac tor  prism. These rneasure- 
ments  were  r e p e a t e d  i n  4987 f o r  c a l c u l a t i o n  of  
ba sa l  a r ea  and competi t ion index ( ~ a n i e l s  1976). 

A n a l y s i s  o f  v a r i a n c e  was used  t o  e v a l u a t e  
t rea tment  e f f e c t s  on pine growth and s u r v i v a l  a t  
t h e  ? - p e r c e n t  l e v e l  o f  s i g n i f  i c anee .  Duncan's 
M u l t i p l e  Range Tes t  was used  t o  p a r t i t i o n  d i f -  
fe rences  between t rea tment  means. Percen"r;~alues 
were  c o ~ p a r e d  u s i n g  t h e  a r c s i n e  
t ransformation.  

Of t h e  t w o  he rb i c ide s  tested i n  t h i s  study, 
Ve1par.Z was about  5G percent  more e f f e c t i v e  than 
A m i t r o i  T f o r  c o n t r c l l i ~ g  Js2anese h n ~ e y s u c k l e  
t h r o u g h o u t  t h e  7-year s t u d y  p e r i o d  ( t a b l e  I ; ,  
Even though b o t h  h e r b i c i d e s  were l a b e l e d  f o r  
con t ro l  of Japanese honeysuckle, mu l t i p l e  app l i -  
c a t i o n s  a r e  a 2 p a r e n t l g  r e q u i r e d  f o r  l o n g - t e r m  
e f f i c a c y .  This i s  e s p e c i a l l y  % r u e  where  l o w  
he rb i c ide  r a t e s  are used f o r  r e l e a s ing  p ine  seed- 
l i n g s  from honeysuckle competi t ion,  



T a b l e  I . - - R e d u c t i o n  of J a p a n e s e  h o n e y s u c k l e  by 
c h e x i c a l  t r e a t z e n t s  7 f t e r  e a c h  o f  
t h r e e  growing seasocs 21 

L/ Gherrilcals were  a p p l i e d  o n l y  once, i n  1981. 

Column v a l u e s  f o l l o w e d  by t h e  same l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  G.05 l e v e l .  

By t h e  end o f  t h e  f i r s t  growing season  f o l -  
lowing  t r e a t m e n t ,  p i n e  s u r v i v a l  on Ve lpa r  p l o t s  
was s i g n i f i c a n t l y  l e s s  when compared t o  c o n t r o l s  
( t a b l e  2). A l t h o u g h  p i n e s  w e r e  s h i e l d e d  d u r i n g  
t h e  f o l i a r  s p r a y  t r e a t m e n t ,  V e l p a r  i s  a l s o  
a b s o r b e d  f r o m  t h e  s o i l  by p l a n t  r o o t s ,  a n d  t h e  
r a t e  o f  a p p l i c a t i o n  was a p p a r e n t l y  h i g h  enough t o  
k i l l  many s m a l l e r  p ines .  By t h e  end of t h e  t h i r d  
growing season ,  s u r v i v a l  among t r e a t m e n t s  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  Regard less  o f  t h e  type  
o f  r e l e a s e  t r e a t m e n t  u s e d  i n  t h i s  s t u d y ,  n e a r l y  
h a l f  of a l l  measurement p i n e  s e e d l i n g s  had d i e d  
w i t h i n  7  y e a r s  ( t a b l e  2). 

T a b l e  2 . - - S u r v i v a l  o f  measurement  p i n e s  a f t e r  
e a c h  o f  t h r e e  g r o w i n g  s e a s o n s  f o l l o w i n g  t r e a t -  
ment. 

Y e a r  

~ m t m l  e%L/ Ma 

77a b  63a 

Anlitmi T 8% b  72a 

Velpar L 9 b  4% 

1/ Column v a l u e s  fo l lowed  by t h e  same l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  C.05 l e v e l .  

3 v e r s t o r y  p i n e  basal a r e a  i n  t h e  s p r i n g  o f  
I981 a v e r a g e d  81 s q u a r e  f e e t  p e r  a c r e  and  had  
i n c r e a s e d  t o  89 s q u a r e  f e e t  p e r  a c r e  by t h e  f a l l  
of 3987, bu t  b a s a l  a r e a  d i f f e r e n c e s  among t r e a t -  
m e n t s  w e r e  s t a t i s t i c a l l y  n o n s i g n i f i c a n t .  S imi -  
l a r l y ,  t h e  c o m p e t i t i o n  i n d e x  among t r e a t m e n t  

means was n o n s i g n i f i c a n t ,  S i s c e  t h e  recommended 
r a n g e  o f  b a s a l  a r e a  s t o c k i n g  f o r  uneven-aged  
management  o f  i o b l o l l y - s h o r t l e a f  p ine  s t a n d s  is 
'be tween  55 and 7 h s q u a r e  f e e t  p e r  a c r e ,  t h e  
h i g k e r  kesal a r e a s  no doubt  had a n e g a t i v e  i m p a c t  
cn t h e  sur-3i7fal  and g rowth  re sponse  o f  p i n e  seed-  
L i n g s  i n  t h i s  s t u d y ,  J a p a n e s e  h o n e y s u c k l e ,  on  
t h e  o t h e r  hand, a p p e a r s  t o  t h r i v e  i n  t h e  u n d e r -  
s t o r y ,  e v e n  a t  r a t h e r  h i g h  p i n e  b a s a l  a r e a  
levels. 

B l a i r  ( 1  9 8 2 )  r e p c r t e d  t h a t  J a p a n e s e  honey-  
s u c k l e  was r o b u s t  i n  g r o w t h  f o r m  a t  a l i g h t  
i n t e n s i t y  o f  45 p e r c e n t ,  b u t  a p p e a r e d  t o  be 
s e v e r e l y  s t r e s s e d  a f t e r  2 years of growth under  a  
l i g h t  i n t e n s i t y  o f  8 pe rcen t .  I n  c o n t r a s t ,  bo th  
l o b l o l l y  a n d  s h o r t l e a f  p i n e s  a r e  c l a s s i f i e d  a s  
i n t o l e r a n t  o f  s h a d e .  Y e t ,  c o m p e t i n g  v e g e t a t i o n  
s u c h  a s  J a p a n e s e  h o n e y s u c k i e  may p r o v i d e  a n  
i n i t i a l l y  f a v o r a b l e  m i c r o c l i m a t e  f o r  c o n i f e r  
s e e d l i n g s .  For  example, Bormann (1 956) r e p o r t e d  
t h a t  l o b l o l l g  p i n e  s e e d l i n g s  c a n  become e s t a -  
b l i s h e d  u n d e r  d e n s e  f o r e s t  c a n o p i e s  b e c a u s e  o f  
t h e i r  a b i l i t y  t o  u t i l i z e  l o w  l i g h t  i n t e n s i t i e s ,  
b u t  when s e c o n d a r y  f o l i a g e  d e v e l o p s ,  t h e  s e e d -  
l i n g s  a r e  unab le  t o  p h o t o s y n t h e s i z e  e f f e c t i v e l y  
and  t h e y  d i e  o u t .  

A t  t h e  beg inn ing  of t h i s  s tudy ,  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  mean t o t a l  h e i g h t s  o f  
m e a s u r e m e n t  s e e d l i n g s  among t r e a t m e n t s .  Cur ing  
t h e  1382 g r o w i n g  s e a s o n ,  h e i g h t  g r o w t h  o f  p i n e s  
on  V e l p a r  p l o t s  was  s i g n i f i c a n t l y  b e t t e r  t h a n  
t h a t  on  o t h e r  t r e a t m e n t s  ( t a b l e  3). I n  1983, 
s e e d l i n g  h e i g h t  growth on Ve lpa r  p l o t s  ave raged  
more t h a n  h e i g h t  g rowth  i n  o t h e r  t r e a t m e n t s ,  b u t  
s t a t i s t i c a l l y ,  g r o w t h  was b e t t e r  t h a n  t h a t  on  
c o n t r o l  p l o t s  o n l y .  Over  t h e  3 - y e a r  s t u d y  
p e r i o d ,  mean annua l  h e i g h t  growth on Ve lpa r  p l o t s  
e x c e e d e d  t h a t  o f  p i n e s  o n  c o n t r o l  and A r n i t r o l  
p l o t s  by 46 and 38 p e r c e n t  r e s p e c t i v e l y .  

T a b l e  ?.--Mean h e i g h t  g r o w t h  and  g r o u n d l i n e  
d i a m e t e r  o f  s u r v i v i n g  p i n e s  by  
y e a r  and t r e a t m e n t .  

h e i g h t  mean 
ptondme 

T m W m t  1'331 1932 1935 l ~ - l ~  t e r s  

1 / Column v a l u e s  f o l l o w e d  by t h e  same l e t t e r  a r e  - 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l .  



T h r e e  y e a r s  a f t e r  t r e a t m e n t ,  s u r v i v i n g  p i n e s  
an " e l p a r  and ~ e c h a n i c a l i g  t r e a t e d  p l o t s  had 
s i g n i Z i c a n t l y  L a r g e r  g r o u n d l i c e  d i a m e t e r s  t h a n  
t h o s e  on c o n x r o l  p l o t s  ( t a b l e  3). A i f h o u g h  a  
3.1 - i a?ch  d i f f e r e n c e  d o e s  n o t  seeir, i m p o r t a c t  i r i  

i t s e l  f ,  the conb in t i t io l r t  of i n c r e a s e d  p i n e  d s a -  
m e t e r  and h e i g h t  o n  V e l p a r  and  m e e h a n l c a l 2 y  
t r e a t  ed &.lots s u g g e s t s  more  t h r i f t y  p l r i e s  t h a t  
s h o u l ,  d be  b e t t e r  a b l e  t o  t o l e r a t e  r e i n v a s l o n  by 
cornpe t i n g  * ~ s g e t a t i o n ,  

V e l p a r  Z mag k8ve a s t i m u l a t i ~ g  i i a f i u e r c e  on 
p l n e  g r o v t h  i n  a d d i t i o n  t o  i ts  h e r b i c i d a l  e f f e c t  
on  c o m p e t i n g  s p e c i e s  b e c a u s e  i t  i s  a t r i a z i n e  
compound .  NcCormack ( I  977) r e p o r t e d  t h a t  t h e  
a p p l i c a t i o n  of t h e  h e r b i c i d e  s i m a z i n e ,  a l s o  a 
t r i a z i  ne compound, p rov ided  n u t r i t i o n a l  b e n e f i t s  
t o  n o r t h e r n  c o n i f e r s  by i m p r o v i n g  t h e  n i t r o g e n  
r e g i m e  and h a b i t a t  f o r  m y o o r r h i z a l  fungi .  

E v e n  t h o u g h  c o m p l e t e  e l i m i n a t i o n  of low-  
g r o w i a g  g r o u n d  c o m p e t i t i o n  was n o t  a c h i e v e d  
d u r i n g  t h e  s t u d y  p e r i o d ,  t e m p o r a r y  and  p a r t i a l  
c o n t r o l  o f  s u c h  c o m p e t i t i o n  by c h e m i c a l  o r  
m e c h a n i c a l  t r e a t m e n t s  was  e f f e c t i v e  i n  s t i m u -  
l a t i n g  h e i g h t  and d i a m e t e r  g rowth  of n a t u r a l  p i n e  
s e e d l i n g s  i n  t h i s  uneven-aged s t and .  

In t e r a s  of a r e a  r e l e a s e d  from low-growing 
g r o u n d  c o m p e t i t i o n  i n  t h i s  s t u d y ,  V e l p a r  L was 
c l e a r l y  t h e  most e f f e c t i v e  t r e a t m e n t  i n  p r e p a r i n g  
a  s e e d b e d  f o r  e s t a b l i s h m e n t  of p i n e  r e g e n e r a t i o n .  
O v e r  1 ,000 p i n e  s e e d l i n g s  p e r  a c r e  became  e s t a -  
b l i s h e d  d u r i n g  t h e  3 y e a r s  t h a t  f o l l o w e d  t h e  
i n i t i a l  t r e a t m e n t  w i t h  Ve lpa r  L. No a d d i t i o n a l  
s e e d l i n g s  were e s t a b l i s h e d  on t h e  c o n t r o l  o r  t h e  
m e c h a n i c a l l y  t r e a t e d  p l o t s  d u r i n g  t h i s  same t i m e  
p e r i o d .  Bad t h e  m e c h a n i c a l  t r e a t m e n t  b e e n  
a p p l i e d  t o  t h e  e n t i r e  p l o t  r a t h e r  t h a n  r e s t r i c t e d  
t o  w i t h i n  1 f o o t  of t h e  i n d i v i d u a l  p i n e s ,  a d d i -  
t i o n a l  s e e d l i n g s  may h a v e  become e s t a b l i s h e d .  
Aaitrol  T, be ing  t h e  on ly  o t h e r  t r e a t m e n t  a p p l i e d  
o n  a p l o t - w i d e  b a s i s ,  h a d  125 a d d i t i o n a l  p i n e  
s e e d l i n g s  p e r  a c r e  i n  t h e  f a l l  of 1983, bu t  t h e r e  
was  a l s o  a  r a p i d  r e i n v a s i o n  o f  c o m p e t i n g  vege-  
t a t i o n  f o l l o w i n g  t h e  s i n g l e  t r e a t m e n t  i n  1981. 

"2 mmairitain optimum growth  of p i n e  r egener -  
a t i o n  5 n  uneven-aged s t a n d s ,  bc  t h  t h e  compet ing 
v e g e t a t i o n  and t h e  o v e r s t o r y  p ine  conpoaent  n u s  t 
be managed. With r e l e a s e  f r o n  iow-grov ing  ground 
cornpet i t i o n  such as Japanese  honeysuckle ,  growth 
o f  p i n e  s e e d l i n g s  can be i n c r e a s e d  i n  uneven-eged 
s t a n d s  of l o b l o l l g - s h o r t i e a f  pine. I f  c v e r s t o r y  
l o b i o l l y - s h o r t l e a f  p i n e  b a s a l  a r e e  a v e r a g e s  from 
61 t o  8 9  s q u a r e  f e e t  p e r  e c r e  i n  uneven-aged  
s t a n d s ,  t h e n  h e i g h t  g r o w t h  o f  n a t u r a i ; g  reger i -  
e r a t e d  p ine  s e e d l i n g s  a v e r a g e s  l e s s  than C.5 f o o t  
p e r  y e a r  on  good s i t e s  ( s i t e  i n d e x  o f  E5 t o  90 
f e e t  a-t 5C g e a r s ) ,  e v e n  w i t h  r e l e a s e  f r o m  low-  
g r o w i n g  ground compe t i t ion .  

J a p a n e s e  h o n e y s u c k l e  acd a s s o c i e t e d  ground 
c o v e r  n o t  oniy r e d a e e  p i c e  s e e d l i n g  g r o w t h  b z t  
c a n  i m p e d e  e s t a b l i s h ~ e n t  o f  p i n e  r e g e n e r a t i o r  
from n a t u r a l  s e e d f a i l .  i J e -~e r i ,he les s ,  where  p i c e  
r e g e n e r a z i o n  h a s  become e s t a b l i s h e d  f o l l o w i n g  
s o i l  d i s t a r b a a o e  f r o m  l o g g i n g ,  t h e n  a b o u t  SO 
p e r c e n t  af t h o s e  e s t a b l i s h e d  s e e d l i n g s  t e ~ d  t o  
p e r s i s t  f o r  &t l e s s *  7 y e a r s  even when growing  i n  
a  u n i f o r n  g r o u n d  c o v e r  o f  J apanese  h o n e y s u c k l e .  

A l t h o u g h  a ngmber  o f  t e c h n i q u e s  k a v e  b e e n  
t e s t e d  f o r  c o n t r o l l i n g  J a p a n e s e  k i o n e y s u c k l e ,  
h e r b i c i d e s  may p r o v i d e  t h e  m o s t  p r a c t i c a l  
a p p r o a c h  f o r  r e L e a s i c g  p i n e  r e g e n e r a t i o n  f r o m  
honeysuckle  corr,petit ion. In t h i s  s t u d y ,  Japanese  
honeysuckle  was no t  e r a d i c a t e d  by a  s i n g l e  a p p l i -  
c a t i o n  of  Y e l p a r  L o r  A m i t r o l  T a t  t h e  r a t e  o f  4 
pounds  a ,e ,  p e r  a c r e  on s i l t  l o a m  s o i l ,  b u t  
V e l p a r  L g a v e  s i g n i f i c a n t l y  b e t t e r  h o n e y s u c k l e  
c o n t r o l  o v e r  a ?-year  per iod.  
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INTERACTION OF GENOTYPE PSta VEGETATION CONTROL ON 

LOBLOLLY PINE SEEDLING PERF0 

S t u a r t  E. Duba, Larry R. Nelson, and Dean H. ~ j e r s t a d u  

Abstract .  -- A s p l i t  p l o t  des ign  was u t i l i z e d  t o  e v a l u a t e  
t h e  e f f e c t  of c o n t r o l  of competing v e g e t a t i o n  on f i r s t - y e a r  
h e i g h t  and groundl ine  diameter  increments  o f  t h r e e  l o b l o l l y  
p ine  ( P i n u s  t a e d a  L.) f a m i l i e s .  Both f a m i l i e s  and t iming  of 
c o n t r o l  d i f f e r e d  s i g n i f i c a n t l y  f o r  h e i g h t  increment  and 
groundl ine  d iameter  increment .  The e a r l i e s t  t rea tment  d a t e s  
(May and June)  provided f o r  b e t t e r  growth than  l a t e r  d a t e s  
( J u l y  - September).  Fami l ies  i n t e r a c t e d  wi th  c o n t r o l  of 
compet i t ion  f o r  both h e i g h t  increment  and diameter  
increment ,  F a m i l i e s  showed d i f f e r e n t i a l  response t o  c o n t r o l  
of compet i t ion  and performance was a l t e r e d  depending upon 
whether compet i t ion  was c o n t r o l l e d  o r  not.  

INTRODUCTION METHODS AND MATERIALS 

Acce le ra ted  growth of sou thern  p i n e s  is 
b e i n g  obtained by s e v e r a l  means, The v a l u e  of 
g e n e t i c  improvement h a s  been long  accepted.  
Al though  g e n e t i c  s e l e c t i o n s  have been made t o  
i m p r o v e  growth r a t e  of sou thern  p ines ,  c o n t i n u a l  
e f f o r t  must a l s o  be made t o  e n s u r e  t h a t  
s e l e c t i o n s  a r e  r e s p o n s i v e  t o  changing 
s i l v i c u l  t u r a l  t rea tments .  Recent ly,  t h e  va lue  
o f  i n t e n s i v e  c o n t r o l  of weed compet i t ion  a s  a  
means of i n c r e a s i n g  volume produc t ion  h a s  been 
e l u c i d a t e d  (Nelson e t  a l .  1981, Knowe e t  a l .  
1985) . Hence, a  r e g e n e r a t i o n  system t h a t  
i n t e g r a t e s  t h e s e  p r a c t i c e s  should prov ide  
g r e a t e r  product ion t h a n  e i t h e r  p r a c t i c e  alone.  
An i m p o r t a n t  a s p e c t  o f  t h i s  i n t e g r a t e d  system is 
t h e  l i k e l i h o o d  of  i n t e r a c t i o n s  among t h e  
components. Depending on t h e  seasona l  growth 
p a t t e r n  of p a r t i c u l a r  p l a n t s ,  t iming  o f  
a p p l i c a t i o n  of h e r b i c i d e s  could i n t e r a c t  w i t h  
genotypes .  F a m i l i e s  w i l l  l i k e l y  respond 
d i f f e r e n t i a l l y  t o  bo th  t h e  c o n t r o l  of 
c o m p e t i t i o n  and t o  s p e c i f i c  chemicals.  These 
f a c t o r s  were eva lua ted  i n  t h i s  s tudy .  

I / p a p e r  p resen ted  a t  Southern S i l v i -  
c u l t u r a l  Research Conference, At lan ta ,  Georgia, 
November 7-8, 1984. 

a ~ e s e a r c h  Assoc ia te ,  Research Assoc ia te ,  
and A s s o c i a t e  P r o f e s s o r ,  Alabama A g r i c u l t u r a l  
Experiment  S t a t i o n  and School of F o r e s t r y ,  
Auburn Univers i ty ,  AL 361349. 

The planting was established on an  old 
f i e l d  s i t e  i n  t h e  Alabama Piedmont n e a r  Auburn, 
Alabama, S i t e  p r e p a r a t i o n  c o n s i s t e d  o f  mowing 
and d i s k i n g  d u r i n g  t h e  f a l l  b e f o r e  p l a n t i n g .  
E x i s t i n g  v e g e t a t i o n  c o n s i s t e d  p r i m a r i l y  of 
ragweed (Ambrosia spp. L.),  morningglory 
( J~omoea  spp. ) , b l a c k b e r r i e s  ( Rubus spp. L. ) , 
and g r a s s e s  (Panicum spp. L.). Three f a m i l i e s  
were u t i l i z e d  t h a t  had r e l a t i v e l y  s t a b l e  
performance i n  a  s e r i e s  o f  progeny t e s t s  where 
weedswere  no t  c o n t r o l l e d .  They were chosen a s  
a  good ( fami ly  B )  , an  i n t e r m e d i a t e  ( f a m i l y  C)  , 
and a  poor ( fami ly  A) performer f o r  h e i g h t  
growth. Each of 4 r e p l i c a t i o n s  c o n s i s t e d  of 7  
t rea tment  p l o t s  t h a t  were s p l i t  i n t o  3 s i n g l e -  
row family p l o t s  (17 t r e e s  per  f a m i l y ) .  The 
whole p l o t s  were randomly ass igned  t o  one of s i x  
t rea tment  d a t e s  o r  a  c o n t r o l  where no h e r b i c i d e  
was a p p l i e d ,  On each t rea tment  d a t e  h e r b i c i d e  
was u t i l i z e d  t o  c o n t r o l  a l l  v e g e t a t i o n  competing 
wi th  t h e  t r e e s ,  The h e r b i c i d e  g l y p h o s a t e  was 
u t i l i z e d  a s  a  d i r e c t e d  spray  s o  no phyto tox ic  
e f f e c t s  on experimental  trees would occur ,  
P l o t s  were k e p t  weed f r e e  a f t e r  t h e  time of 
i n i t i a l  t r ea tment ,  Both h e i g h t  and g r o u n d l i n e  
d iameter  were measured a t  t h e  time of  p l a n t i n g  
i n  March, 1983. Trees were subsequent ly  
remeasured a t  l e a s t  once a  month from June 
through November. Height and d iameter  
increments  were eva lua ted  t o  determine d i r e c t  
response t o  t rea tments .  Nelson e t  a l .  (1981 ) 
have i n d i c a t e d  t h a t  biomass o r  g roundl ine  
d iameter  growth was more respons ive  t h a n  h e i g h t  
growth t o  weed c o n t r o l  i n  t h e  f i r s t  two years .  



RESULTS AND DISCUSSION Effec t  of Genotype 

Growth impact s t u d i e s  of weed cont ro l  
e f f e c t s  have shown s i g n i f i c a n t  i nc reases  i n  
growth of pines a f t e r  one year  i n  t h e  f i e l d  
(Zu t t e r  and Knowe 1982). Therefore, an ana lys i s  
of t h i s  p i l o t  study a f t e r  one year  was deemed 
valuable although. subsequent ana lyses  a f t e r  a 
longer period i n  t he  f i e l d  a r e  certainZy 
des i rable .  After  one year  i n  t he  f i e l d ,  a l l  
t h r ee  f d l i e s  survived equal ly  well  with an 
ove ra l l  average su rv iva l  of 98.7 percent ,  Based 
on a s p l i t - p l o t  ana lys i s  of variance,  both 
he ight  and groundline diameter increments were 
af fec ted  by treatment d a t e  and family. 

Effect  of Treatment Date 

The ques t ion  of i n t e r e s t  with respect  t o  
treatment da t e  was how l a t e  i n  t h e  growing 
season could weed competition be cont ro l led  and 
still y i e l d  a s u b s t a n t i a l  growth response from 
the  t r ee s .  I n t u i t i v e l y ,  i f  competition was 
removed f o r  a longer period of  t he  growing 
season, t he  growth response should be g rea t e r .  
During t h e  first growing season, t he  d a t e  of 
t reatment s i g n i f i c a n t l y  a f f ec t ed  both he ight  
increment (P<0.0003) and groundline diameter 
increment (P<0.001). For diameter increment, a 
pos i t i ve  response r e su l t ed  from the  May and June 
treatment da t e s  ( f i g .  11, but  t he  May treatment 
r e su l t ed  i n  t he  g r e a t e s t  response. Release from 
competition i n  Ju ly ,  August, o r  September d id  
not  r e s u l t  i n  growth inc reases  t h a t  were 
s i g n i f i c a n t l y  d i f f e r e n t  from the  cont ro l  (no 
treatment) .  Height growth responded i n  t he  same 
manner a s  diameter growth. Depending upon t h e i r  
seasonal  growth pa t  t e r n  and competitiveness f o r  
l a t e  season moisture, indiv idual  genotypes could 
respond d i f f e r e n t l y  t o  timing of cont ro l .  
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When at tempting t o  i n t e g r a t e  t r e e  
improvement and weed cont ro l  p rac t i ce s ,  an 
important cons idera t ion  is t h a t  of genotype 
response and degree of responsiveness. Whether 
o r  not  a p a r t i c u l a r  genotype responds favorably 
do con t ro l  of competition, and the  degree of 
responsiveness of each genotype should be 
considered when a l l o c a t i o n s  of p lant ing  s tock  
a r e  being planned f o r  chemically t r ea t ed  s i t e s ,  
Spec i f i c  i n t e r a c t i o n s  of genotypes and chemicals 
must a l s o  be considered. 

During the  first year  of t h i s  p i l o t  s tudy,  
family d i f f e r ences  s i g n i f i c a n t l y  a f f ec t ed  both 
he ight  increment ( P<0 -00 1 ) and ground1 i n e  
diameter increment (P<0.0001). A combination of 
family response and degree of responsiveness 
r e s u l t e d  i n  an  a l t e r a t i o n  of f m i l y  rankings 
depending upon whether o r  not  vegeta t ion  was 
cont ro l led .  I n  p l o t s  where no measures were 
taken t o  reduce weed competition, per iodic  
diameter increments of family C tended t o  be a s  
l a r g e  a s  o r  l a r g e r  than e i t h e r  family A o r  B 
( f i g .  2). Conversely, when weed competition was 
a l l e v i a t e d ,  family A tended t o  have the  l a r g e s t  
increments. When per iodic  increments were 
combined and expressed a s  emulative growth, 
family C tended t o  grow more than e i t h e r  family 
A o r  B under condi t ions  of weed competi t ion(fig,  
3 ) .  The opposite was again  t r u e  when vegeta t ion  
was cont ro l led  and family A grew b e t t e r  than 
e i t h e r  f ami l i e s  B o r  C. 

A s i m i l a r  s i t u a t i o n  ex i s t ed  f o r  he ight  
increments. I n  p l o t s  where weed competition 
was heavy, families B and C tended t o  have 
l a r g e r  per iodic  increments and g r e a t e r  
cumulative growth than family A. Under 
condi t ions  of  season-long weed con t ro l ,  family 
A had l a r g e r  per iodic  increments a t  each 
measurement d a t e  and subsequently a g r e a t e r  
cumulative increment. 

I n t e r ac t ions  

It is apparent  t h a t  growth of indiv idual  
f ami l i e s  changed i n  response t o  cont ro l  of 
vegeta t ion  ( f i g .  4). Thus the  expression of 
gene t i c  p o t e n t i a l  of  each family depended upon 
t h e  presence o r  absence of competition, most 
l i k e l y  r e f l e c t i n g  changes i n  s o i l  moisture. 
Family rankings were a f t e r ed  when a comparison 
was made between t h e i r  response t o  t he  con t ro l  
(no treatment)  and the  longes t  t reatment period 
(weed con t ro l ) .  The es t imate  of i n t e r a c t i o n  
f o r  groundline diameter increment had an  a c t u a l  
P value of less than 0.07, and f o r  he ight  
increment an  a c t u a l  P value of  l e s s  than 0.10. 
These va lues  a r e  e spec i a l l y  i n t e r e s t i n g  when 
considering they are f o r  only one yea r ' s  
growth. 

Figure 1 ,  Effec t  of t reatment d a t e  on first- 
year d i m e t e r  increment of l o b l o l l y  pine, 
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F i g u r e  2, P e r i o d i c  d iameter  increments  of t h r e e  
l o b l o l l y  p ine  f a m i l i e s  under c o n d i t i o n s  o f  a )  
h e r b a c i o u s  weed compet i t ion ,  o r  b)  no 
c o m p e t i t i o n .  
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Figure  3 .  Cumulative diameter  increments  of 
t h r e e  l o b l o l l y  pine families under c o n d i t i o n s  
of a )  herbac ious  weed competi t ion,  o r  b)  no 
competi t ion.  

Even wi thout  d r a s t i c  a l t e r a t i o n s  i n  fami ly  
ra&ings, c e r t a i n  genotypes a r e  l i k e l y  t o  be 
more respons ive  t o  c o n d i t i o n s  sf no c o m p e t i t i o n  
f o r  mois tu re  and n u t r i e n t s  and could be 
op t imal ly  u t i l i z e d  where v e g e t a t i o n  c o n t r o l  
would be p r a c t i c e d .  A l a r g e  range i n  
magnitudes o f  d i f f e r e n t i a l  family response  i n  
h e i g h t  and diameter  growth was e v i d e n t  i n  t h i s  
s tudy  (Table  1 ) .  Family A was much more 
respons ive  t o  t h e  c o n t r o l  of compet i t ion ,  A 
group of  s i m i l a r l y  respons ive  families would be 
t h e  b e s t  cho ice  f o r  u t i l i z a t i o n  wi th  weed 
c o n t r o l  o r  i n t e n s i v e  chemical s i t e  p r e p a r a t i o n .  

Table 1.  -- Family comparison of growth 
increments  under t h e  c o n d i t i o n  of 
v e g e t a t i o n  c o n t r o l  a s  a  p ropor t ion  of  
growth increments  under t h e  c o n d i t i o n  
of no v e g e t a t i o n  c o n t r o l  

Family Height 
increment  

Diameter 
increment  

MEASUREMENT DATE: 



DIAMETER 
i NCRLMENT (mm) 

0 
WlTH NO 

COMPETIT fON COMPETITION 

HESHT 
i A I e M E W  (em) 

0 
WITH NO 

COMPETITION COMPETIT ION 

D i f f e r e n t i a l  f m i l y  responses  i n d i c a t e  
p o t e n t i a l  b e n e f i t s  o f  e v a l u a t i n g  i n t e r a c t i o n s  
between genotypes and c o n t r o l  o f  competi t ion,  
and t h e  use  of t h i s  in format ion  i n  t h e  
development o f  an  i n t e g r a t e d  r e g e n e r a t i o n  
sgs tern. A 1  though s p e c i f i c  chemical by genotype 
i n t e ~ a c t i o n s  a r e  a l s o  expected,  they should n o t  
c a r r y  a n e g a t i v e  connotat ion.  Conversely, 
t h e s e  i n t e r a c t i o n s  should be u t i l i z e d  t o  
i d e n t i f y  t h o s e  genotypes t h a t  respond op t imal ly  
when used i n  connect ion w i t h  a p a r t i c u l a r  
chemical. Addi t iona l  s t u d i e s  a r e  being 
conducted t o  f u r t h e r  e v a l u a t e  genotypic 
responses  t o  t h e  c o n t r o l  of compet i t ion  and t o  
s p e c i f i c  chemicals.  I n  a d d i t i o n ,  e v a l u a t i o n s  
must be made of  seasona l  growth p a t t e r n s  ts 
a s c e r t a i n  t h e  under ly ing  phys io log ica l  
e x p l a n a t i o n  f o r  t h e s e  growth responses,  
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FIRST YEAR GROkEB RESPONSE OF YOUNG LOBLOLLU PINE (PIhTS TAEDA L. ) 

1 J TO COiPETITLON CONTROL ON THE V I R G I K L A  PIEDXONT- 

2 / C .  G .  Bacon and S .  M. Zedaker- 

Abstract.--To i n v e s t i g a t e  t h e  growth response of young 
l o b l o l l y  p i n e s  t o  d i f f e r e n t  amounts o f  r e l e a s e  from cornpeeing 
v e g e t a t i o n ,  an  experiment  was i n i t i a t e d  i n  p l a n t a t i o n s  o f  
t h r e e  ages ( 0 ,  1 ,  and 2 y e a r s  s i n c e  p l a n t i n g )  on t h r e e  t r a c t s  
i n  t h e  V i r g i n i a  Piedmont. Competition c o n t r o l  t r e a t m e n t s  in -  
volved t h e  removal of a l l ,  two- th i rds ,  one- th i rd ,  o r  none of 
t h e  hardwood stems i n  combination w i t h  e i t h e r  t o t a l  o r  no 
herbaceous c o n t r o l .  F i r s t  y e a r  r e s u l t s  showed a s i g n i f i c a n t  
i n c r e a s e  i n  p i n e  growth w i t h  compet i t ion  c o n t r o l .  Treatments 
i n c l u d i n g  herbaceous c o n t r o l  r e s u l t e d  i n  b e t t e r  growth than 
t h e  s a n e  t r e a t m e n t s  wi thout  herbaceous c o n t r o l .  The b e s t  
response ,  ob ta ined  wi th  t h e  two-thirds  woody p l u s  herbaceous 
c o n t r o l  t r e a t m e n t ,  r e s u l t e d  i n  a  252% i n c r e a s e  i n  volume 
growth i n  t h e  two-year-old p l a n t a t i o n s  and a n  80% i n c r e a s e  i n  
volume growth i n  t h e  one- and three-year-old p l a n t a t i o n s .  In- 
d i v i d u a l  t r e e  growth models based on v a r i o u s  measures of com- 
p e t i n g  v e g e t a t i o n  a r e  developed. 

INTRODUCTION 

T h e  sou thern  United S t a t e s  i s  a  f o c a l  p o i n t  
i n  t h e  p roduc t ion  of f o r e s t  p roduc ts  and w i l l  be 
i n c r e a s i n g l y  impor tan t  i n  t h e  f u t u r e ,  producing 
h a l f  o f  t h e  n a t i o n ' s  wood by t h e  y e a r  2000 (Barber 
1979). This  i s  due t o  environmental  c o n d i t i o n s  
which a r e  e x c e l l e n t  f o r  t h e  growth of  fast-growing 
t r e e s ,  and t h e  presence  of  v a l u a b l e  and v e r s a t i l e  
s p e c i e s  such a s  l o b l o l l y  p i n e  (Pinus taeda  L . ) .  
I n  s p i t e  of t h e  e x c e l l e n t  growing c o n d i t i o n s ,  in-  
t e n s i v e  management of s o u t h e r n  f o r e s t  l a n d s  i s  
n e c e s s a r y  t o  maximize produc t ion .  

Throughout  t h e  South numerous unwanted p l a n t s ,  
o r  w e e d s ,  invade u n c o n t r o l l e d  c rop land .  F o r e s t  
l a n d s  a r e  no excep t ion ;  p e r e n n i a l  hardwood vege- 
t a t i o n  dominated on 40 percen t  o f  t h e  p ine  acreage  
c u t  be tween  1957 and 1977 (Knight 1977). These 
p e r e n n i a l ,  a long w i t h  herbaceous,  weeds compete 
w i t h  t h e  crop s e e d l i n g s  f o r  l i g h t ,  wa te r  and nu- 
t r i e n t s  e s s e n t i a l  f o r  growth (Newbold 1979) . 
Because t h i s  i n t e r s p e c i f i c  compet i t ion  l i m i t s  t h e  
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growth o f  l o b l o l l y  p i n e ,  p r o d u c t i v i t y  can be i m -  
proved by c o n t r o l l i n g  t h e s e  weeds (Nelson e t  a 1  
1981; Cain and Mann 1980; Loyd e t  a 1  1978).  

Considering t h e  importance of p i n e  p r o d u c t i o n  
i n  t h e  s o u t h e a s t ,  r e l a t i v e l y  few s t u d i e s  have 
q u a n t i f i e d  t h e  compet i t ive  r e l a t i o n s h i p  between 
l o b l o l l y  p i n e  and weed s p e c i e s  i n  young s t a n d s .  
Numerous e a r l y  s t u d i e s  of compet i t ion  i n  s o u t h e r n  
p i n e  p l a n t a t i o n s  have i n d i r e c t l y  explored t h e  growth 
r e l a t i o n s h i p s  between l o b l o l l y  p i n e  and competing 
v e g e t a t i o n  ( s e e  Walstad 1976 and Stewart  1981 f o r  
summaries). These s t u d i e s  eva lua ted  growth response  
of t h e  p i n e  r e l e a s e d  from compet i t ion  bu t  d i d  n o t  
measure t h e  compet i to rs  o r  a t t empt  t o  e v a l u a t e  t h e  
l e v e l  of compet i t ion  p r e s e n t  b e f o r e  o r  a f t e r  t r e a t -  
ment. Removal o f  compet i t ion  was shown t o  improve 
growth bu t  no recommendations on how much r e l e a s e  
i s  necessary  f o r  a maximum growth response  were 
p o s s i b l e .  

The removal o f  competing v e g e t a t i o n  c a n  be  a n  
expensive endeavor. This  i s  e s p e c i a l l y  t r u e  i n  
smal l  p r i v a t e l y - o m e d  t r a c t s  of l and .  S ince  sevea- 
t p  percen t  of t h e  f o r e s t  l and  of t h e  South f a l l s  
under n o n - i n d u s t r i a l  p r i v a t e  ownership (USFS 1980) 
r e l e a s e  work i n  t h e s e  s t a n d s  w i l l  probably i n v o l v e  
s imple t echniques  such a s  a p p l i c a t i o n  of h e r b i c i d e s  
u t i l i z i n g  backpack s p r a y e r s .  I n  such t e c h n i q u e s  
c o s t  i n c r e a s e s  d i r e c t l y  wi th  t h e  amount o f  r e l e a s e  
(Balmer e t  a 1  1478). Therefore i t  is  d e s i r a b l e  t o  
be a b l e  t o  determine i f  t h e r e  is  a c r i t i c a l  l e v e l  
o f  compet i t ion  removal above which t h e  p i n e  growth 
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I n  an a t tempt  t o  f u r t h e r  a n a l y z e  t h i s  conpe t i -  
t i v e  r e l a t i o n s h i p ,  r e c e n t  s t u d i e s  have included in-  
t e n s i v e  measurements of the competing hardwood 
v e g e t a t i o n  (Roberts  1960; Glover 1982) . Roberts  
(1962) developed measurements designed t o  f u l l y  
d e s c r i b e  t h e  compet i t ive  s i t u a t i o n  of a s u b j e c t  
pine.  These measurements inc luded  t h e  s i z e  of t h e  
p i n e s  and hardwoods, hardwood s p e c i e s ,  and distance 
and d i r e c t i o n  from t h e  p i n e  t o  t h e  hardwoods. 
& f o r t u n a t e l y ,  Roberts  was unable t o  f u l l y  ana lyze  
t h e  d a t a  and was only  a b l e  t o  develop g e n e r a l  
recommendations f o r  c l e a n i n g  o p e r a t i o n s  i n  l o b l o l l y  
p i n e  p l a n t a t i o n s .  Glover (1982) u t i l i z e d  m u l t i p l e  
r e g r e s s i o n  techniques as a v a r i a b l e  s c r e e n i n g  pro- 
cedure t o  determine t h a t  t h e  sum of t h e  hardwood 
groundl ine  basal a r e a ,  t h e  number of hardwood r o o t -  
s t o c k s  p e r  square  meter ,  and t h e  sum of t h e  hard- 
wood h e i g h t s  were t h e  b e s t  p r e d i c t o r s  of p ine  s i z e  
and growth. I n  h i s  most a c c u r a t e  es t imat ion ,  
Glover found t h a t  hardwood b a s a l  a r e a  a l o n e  ex- 
p l a i n e d  67 percen t  o f  the  v a r i a t i o n  i n  p i n e  d i -  
ameter growth. 

Heasures of crown s i z e  have been developed a s  
e v a l u a t i o n s  o f  compet i t ion  i n  o l d e r  s t a n d s .  Crown 
s i z e  is  an  i n d i c a t i o n  of a t r e e "  a b i l i t y  t o  com- 
p e t e  f o r  l i g h t  and may a l s o  g i v e  a n  i n d i c a t i o n  o f  
r o o t  compet i t ion ,  based on a hypothesized r e l a t i o n -  
s h i p  between crown s i z e  and r o o t  a r e a  (Kra j icek  
et a 1  1961). Therefore crown s i z e  should g i v e  a n  
e x c e l l e n t  d e s c r i p t i o n  o f  t h e  zone of  i n f l u e n c e  of  
a  t r e e .  This  zone of  i n f l u e n c e  i s  t h e  a r e a  over  
which a t r e e  o b t a i n s  o r  competes f o r  r e s o u r c e s  
(Opie 1968; B e l l a  1971; Arney 1973; Moore e t  a 1  
1973). Previous s t u d i e s  have assumed t h a t  t h e s e  
zones were roughly c i r c u l a r  i n  shape and, i n  s i z e ,  
p r o p o r t i o n a l  t o  t h e  diameter  a t  b r e a s t  h e i g h t  (dbh) 
of t h e  t r e e .  Competi t ive p r e s s u r e  on a s u b j e c t  
t r e e  was then  determined by summing t h e  a r e a  of 
over lapp ing  zones. 

I n  t h e  e a r l y  y e a r s  of p l a n t a t i o n  e s t a b l i s h -  
ment, however, crown volume appears  t o  be a  more 
meaningful measure t o  determine zone s i z e .  Bentley 
and o t h e r s  (1971) u t i l i z e d  a brush  volume index 
v a l u e  i n  t h e i r  s tudy  of b rush  compet i t ion  i n  a  
ponderosa p i n e  (Pinus ponderosa Laws.) p l a n t a t i o n .  
The index va lue  was c a l c u l a t e d  by mul t ip ly ing  crown 
h e i g h t  by crown a r e a  f o r  each compet i to r ,  Pine 
h e i g h t  growth g e n e r a l l y  decreased  wi th  an i n c r e a s e  
i n  t h e  index va lue  bu t  a  more d e f i n i t e  r e l a t i o n -  
s h i p  was n o t  e s t a b l i s h e d .  

Tke o b j e c t i v e s  of t h i s  s tudy  were t o  compare 
t h e  growth response of  young Loblo l ly  p i n e s  t o  
r e l e a s e  from d i f f e r e n t  amounts of woody and herba- 
ceous compet i t ion ,  and t o  develop p r e d i c t i v e  equa- 
t i o n s  f o r  t h e  growth response based on v a r i o u s  
measures of t h e  competing v e g e t a t i o n .  I n  a d d i t i o n ,  
t h e  e f f e c t i v e n e s s  of t h e  competing v e g e t a t i o n  
measures i n  p r e d i c t i n g  p ine  growth were compared 
u t i l i z i n g  m u l t i p l e  r e g r e s s i o n  techniques.  

A s tudy  w a s  designed and i n i t i a t e d  i n  1983 t o  
i n v e s t i g a t e  t h e  growth response of  young l o b l o l l y  
p lnes  t o  d i f f e r e n t  amounts o f  r e l e a s e  from com- 
p e t i n g  v e g e t a t i o n .  T h i s  s tudy  was i n s t a l l e d  a t  
t h r e e  d i f f e r e n t  s i t e s  on t h e  V i r g i n i a  Piedmont and 
included t h r e e  ages a t  each s i t e .  P l a n t a t i o n s  i n  
their f i r s t ,  second, and t h i r d  growing seasons w e r e  
d iv ided  i n t o  0.1 h e c t a r e  p l o t s  f o r  t h e  i n s t a l l a t i o n  
of  e i g h t  r e l e a s e  t r e a t m e n t s  i n  a s p l i t - p l o t  d e s i g n .  
These randomly ass igned  t r e a t m e n t s  c o n t r o l l e d  f o u r  
d i f f e r e n t  amounts o f  t h e  hardwood v e g e t a t i o n ,  re-  
moval o f  a l l ,  two-thirds ,  one- th i rd  o r  none of  t h e  
woody stems,  and two l e v e l s  of t h e  herbaceous com- 
p e t i t i o n .  All compet i t ion  c o n t r o l  was provided by 
chemical means u t i l i z i n g  ground a p p l i c a t i o n  tech-  
n iques .  Woody stems were c o n t r o l l e d  by t h e  use  o f  
a b a s a l  bark  spray  of a 4% s o l u t i o n  (v/v)  o f  tr i-  
c l o p y r ,  a s  an e s t e r ,  i n  d i e s e l  o i l  a p p l i e d  i n  
June 1983. Herbaceous v e g e t a t i o n  was a l s o  con- 
t r o l l e d  i n  June  w i t h  sstlfometuron methyl a t  6  oz  
a i f a c r e  i n  a water  c a r r i e r .  An a d d i t i o n a l  l a t e  
season (August) a p p l i c a t i o n  of a  1% (vfv)  s o l u t i o n  
of g lyphosa te  i n  wate r  was r e q u i r e d  t o  ensure  s i n g l e  
season c o n t r o l  of t h e  herbaceous v e g e t a t i o n .  

Growth response t o  r e l e a s e  was eva lua ted  a t  
bo th  t h e  s t a n d  l e v e l  and on a n  i n d i v i d u a l  t r e e  
b a s i s .  Severa l  h e i g h t  and d iameter  measurements 
were taken  on each o f  twenty-f ive s y s t e m a t i c a l l y  
l o c a t e d  s e e d l i n g s  i n  each t rea tment  p l o t .  Re- 
measurement a t  t h e  end of t h e  f i r s t  growing season  
fo l lowing  t rea tment  provided d a t a  f o r  c a l c u l a t i o n s  
of c u r r e n t  volume and volume growth u t i l i z i n g  
Smalian 's  formula. 

Competition was eva lua ted  d i r e c t l y  around f i v e  
s y s t e m a t i c a l l y  s e l e c t e d  s e e d l i n g s  i n  each p l o t .  
Each of  t h e s e  s e e d l i n g s  served as t h e  c e n t e r  o f  
c i r c u l a r  p l o t s  w i t h  a r a d i u s  o f  1.5 m, o r  1 .5  
t imes t h e  h e i g h t  o f  p i n e s  t a l l e r  than  a  meter ,  up 
t o  a  3 m maximum. The d i s t a n c e  and bear ing  from 
each p i n e  was recorded f o r  a l l  hardwood stems 
w i t h i n  t h i s  p l o t  a long  w i t h  s p e c i e s ,  h e i g h t ,  
g roundl ine  d iameter ,  and two perpendicu la r  crown 
d i a a e t e r s .  I n  a d d i t i o n ,  any hardwood stem w i t h  a  
h e i g h t  g r e a t e r  than i t s  d i s t a n c e  from t h e  s u b j e c t  
p i n e  was inc luded  a s  a compet i to r .  These p l o t s  
were remeasured t o  g i v e  a n  i n d i c a t i o n  of  t h e  change 
i n  compet i t ion  due t o  t h e  t r e a t m e n t s  and a  c u r r e n t  
e v a l u a t i o n  of t h e  compet i t ion  p r e s e n t ,  

RESULTS AND DLSCUSSIOK 

The f i r s t  y e a r  p i n e  h e i g h t  growth showed 
v i r t u a l l y  no response t o  compet i t ion  c o n t r o l  
(Table 1 ) .  Only t h e  two-thirds  woody c o n t r o l  p l u s  
herbaceous c o n t r o l  t rea tment  r e s u l t e d  i n  a s i g n i f i -  
c a n t  i n c r e a s e  i n  h e i g h t  growth over  t h e  t rea tment  
without  compet i t ion  c o n t r o l .  This  l a c k  of d i f f e r -  
ence was expected s i n c e  e a r l i e r  s t u d i e s  have found 
h e i g h t  growth t o  be r e l a t i v e l y  i n s e n s i t i v e  t o  den- 
s i t y  s t r e s s .  



TaMe 1 . - -Firs t  y e a r  h e i g h t  growth response Table 2.--Firs t  year  g roundl ine  d iameter  growth 
response 

1 i Height Growth- 

T r e a t m e n t  (cm> (cm> (cm ) 

Herbaceous  c o n t r o l  : 

f T o t a l  woody c o n t r o l  7.0ab 42.4ab 54.5a 

+ 213 w ~ o d y  c o n t r o l  8 .7a 46.Ta 57.7~3 

+ 1 / 3  woody c o n t r o l  8.623 38.9bc 51.3a 

No h e r b a c e o u s  c o n t r o l :  

+ T o t a l  woody c o n t r o l  4.9bc 35.5bc 51.8a 

+ 213 woody c o n t r o l  3. l c  3 5 . 4 ~  53.4a 

+1/3 woody c o n t r o l  4.9bc 3 4 . 8 ~  40.7b 

No c o n t r o l  6. Gab 36.4bc 54.5a 

l/Means wi th in  ages fol lowed by t h e  same l e t t e r  - 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  

Groundl ine  d iameter  growth, however, showed 
a d e f i n i t e  d i f f e r e n t i a l  response t o  compet i t ion  
c o n t r o l  (Table 2 ) .  I n  a l l  ages ,  t h e  two-thirds  
woody c o n t r o l  i n  combination w i t h  herbaceous con- 
t r o l  r e s u l t e d  i n  s i g n i f i c a n t l y  g r e a t e r  growth than 
t h e  t r e a t m e n t  wi thout  compet i t ion  c o n t r o l .  This  
was t h e  on ly  t rea tment  i n  t h e  f i r s t  y e a r  p lan ta -  
t i o n s  e x h i b i t i n g  a b e t t e r  d iameter  growth. In  t h e  
two-year-old p l a n t a t i o n s ,  a l l  of t h e  t r e a t m e n t s  
excep t  t h e  one-third woody c o n t r o l  wi thout  herba- 
ceous c o n t r o l  had s i g n i f i c a n t l y  h i g h e r  growth than 
t h e  t r e a t m e n t  wi thout  c o n t r o l .  Only t h e  t r e a t -  
ments i n v o l v i n g  a  combinat ion of woody and herba- 
ceous c o n t r o l  r e s u l t e d  i n  b e t t e r  growth i n  t h e  
three-year-old p l a n t a t i o n s .  The importance of  
herbaceous  c o n t r o l  i s  i n d i c a t e d  by t h e  b e t t e r  
growth, i n  most c a s e s ,  from t rea tments  w i t h  herba- 
ceous c o n t r o l  than  i n  t h e  cor responding  t r e a t m e n t s  
wi thout  c o n t r o l .  However, t h e  need t o  combine a t  
l e a s t  some woody c o n t r o l  w i t h  herbaceous c o n t r o l  
is  s u g g e s t e d  s i n c e  t h e  herbaceous c o n t r o l  a l o n e  
was s i g n i f i c a n t l y  b e t t e r  than t h e  c o n t r o l  o n l y  i n  
t h e  two-year-old p l a n t a t i o n s ,  n o t  i n  t h e  one- and 
three-year-old s t a n d s  . 

1 i Groundline Diameter G r o w t k  

1  2 3 

Treatment (m) (m> (mm) 

Herbaceous c o n t r o l :  

+ Tota l  woody c o n t r o l  2.20ab 5.37ab 6.01b 

-i- 2 / 3  woody c o n t r o l  2.46a 5.70a 7.01a 

+ 1/3  woody c o n t r o l  2.25ab 4.96ab 5.11bc 

on1 y  1.86abc 4.35bc 4.9Scd 

No herbaceous c o n t r o l :  

+ T o t a l  woody c o n t r o l  1.37cd 4.01bc 5.05cd 

+ 2 / 3  woody c o n t r o l  1.04de 4.27bc 5.05cd 

+ 113 woody c o n t r o l  0.50e 3.42cd 4.72cd 

No c o n t r o l  1.55bc 2.70d 4.11d 

I/Means w i t h i n  ages  followed by t h e  same l e t t e r  - 
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  

The volume growth response  able 3)  showed 
t rea tment  d i f f e r e n c e s  t h a t  were s i m i l a r  t o  t h o s e  i n  
t h e  d iameter  growth response.  The t o t a l  and two- 
t h i r d s  woody c o n t r o l  wi th  herbaceous c o n t r o l  t r e a t -  
ments e x h i b i t e d  t h e  b e s t  growth, wi th  t h e  two- 
t h i r d s  woody c o n t r o l  being b e s t  on t h e  two- and 
three-year-old s i t e s .  

The a c t u a l  amount of woody c o n t r o l  o b t a i n e d  
i n  each t rea tment  was based on t h e  amount o f  hard-  
wood compet i t ion  p r e s e n t  b e f o r e  t rea tment .  S ince  
t h i s  amount was n o t  t h e  same f o r  a l l  p l o t s ,  a n  
a n a l y s i s  o f  covar iance  t e s t  was needed t o  e n s u r e  
t h a t  t h e  d i f f e r e n t i a l  growth response was n o t  due 
t o  t h e  d i f f e r e n t  amounts o f  i n i t i a l  compet i t ion .  
Using a n  e s t i m a t e  o f  t h e  o r i g i n a l  hardwood ground- 
l i n e  b a s a l  a r e a  p e r  p l o t  a s  a c o v a r i a t e ,  t h e  ana ly-  
sis of  covar iance  found t h e  same s i g n i f i c a n t  d i f -  
f e r e n c e s  i n  volume growth between t r e a t m e n t s  as t h e  
a n a l y s i s  o f  v a r i a n c e  r e s u l t s  (Table 3 ) .  This  i n d i -  
c a t e s  t h a t  t h e  p i n e s  responded i n  a s i m i l a r  manner 
t o  t h e  same t r e a t m e n t ,  even when t h e  o r i g i n a l  
amount o f  compet i t ion  was d i f f e r e n t .  

When viewed a s  t h e  percen t  i n c r e a s e  i n  volume 
growth w i t h  compet i t ion  c o n t r o l  over  no c o n t r o l ,  
t h e  b e s t  growth response was found i n  t h e  two-year- 
o l d  p l a n t a t i o n s  (Table 4 ) .  The two-thirds  woody 
p l u s  herbaceous c o n t r o l  r e s u l t e d  i n  a  252% in-  
c r e a s e  i n  growth w h i l e  t h e  t o t a l  woody p l u s  herba-  
ceous c o n t r o l  t rea tment  had a 227% i n c r e a s e .  Even 
t h e  one- th i rd  woody p l u s  herbaceous c o n t r o l  and t h e  
two-thirds  woody c o n t r o l  on ly  r e s u l t e d  i n  a doubl ing  



of  growth over t h e  un t r ea t ed  p l o t s .  The growth 
response w a s  much l e s s  dramatic i n  t h e  one- and 
three-year-old pines  wi th  the bes t  response being 
o n l y  about an 80% increase in growth. These re- 
sults seem t o  i n d i c a t e  t h a t  r e l e a s e  t rea tments  a t  
t h e  Seginning of t he  second growing season may 
give  the  b e s t  growth response. 

Table 3, - -F i r s t  r e a r  volume growth response 

Volume ~ r o v t d ' ? - '  

Age 

Z 2 3 - - -  
Treatment 3 3 3 

( c m >  (cm) I c m )  

Herbaceous con t ro l  : 

+ Tota l  woody c o n t r o l  0.0206a 0.5141b 1.2190b 

+ 2 /3  woody c o n t r o l  0.0205a 0.5526a 1.5840a 

+ 1 / 3  woody c o n t r o l  0.0195ab 0 . 3 1 3 0 ~  0.9893bcd 

No herbaceous con t ro l :  

+ t o t a l  woody c o n t r o l  0.0133ab 0.2569cd 0.9278bcd 

+ 2 / 3  woody c o n t r o l  0 . 0 0 7 2 ~  0 . 3 1 2 4 ~  1.1870bc 

+ 1 /3  woody c o n t r o l  0 . 0 0 4 8 ~  0.2387cd 0.8812cd 

No c o n t r o l  0.6113bc 0. 1570d 0.8558~3 

1fVolurne ca l cu l a t ed  us ing  ~ m a l i a n "  formula - 
2/Means w i th in  ages followed by t h e  same l e t t e r  - 
no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.05 l e v e l  

Pine s u r v i v a l  was gene ra l l y  q u i t e  high f o r  
a l l  t rea tments  (Table 5) .  A s  expected,  s u r v i v a l  
w a s  lowest  o v e r a l l  f o r  t h e  f i r s t  year  p l a n t a t i o n s ;  
however, t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  f o r  
s u r v i v a l  between t rea tments  f o r  e i t h e r  t h e  one- 
o r  three-year-old p l an t a t i ons .  In t h e  two-year- 
o ld  p l a n t a t i o n ,  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  
wi th  t he  t o t a l  woody c o n t r o l  p l u s  herbaceous con- 
t r o l  and t h e  t rea tment  wi thout  c o n t r o l  having 
lower survivab than t he  one-third woody p l u s  
herbaceous con t ro l  and t h e  herbaceous c o n t r o l  on ly  
Overa i l ,  however, t h e  s u r v i v a l  percentages i nd i -  
c a t e  t h a t  t h e r e  was no t  a problem wi th  he rb i c ide  
damage t o  t he  pines. Therefore,  he rb i c ide  darnage 
does not exp l a in  t h e  b e t t e r  growth response i n  
t he  two-thirds woody c o n t r o l  over  t h e  t o t a l  woody 
c o n t r o l  t rea tments .  This  b e t t e r  response w a s  
probably r e l a t e d  t o  t he  b e n e f i c i a l  e f f e c t s  of 
some degree of shading on moisture a v a i l a b i l i t y ,  

Table 4.--Percent i nc r ea se  i n  volume growth with 
competi t ion c o n t r o l  over  no con t ro l .  F i r s t  
year  r e s u l t s .  

Percent  Increase  

Aji e 

Treatment i 2 3 

Herbaceous c o n t r o l :  

+ Tota l  woody c o n t r o l  82  227 42 

+ 2 / 3  woody c o n t r o l  8 1 252 8 5 

+ l j 3  woody c o n t r o l  7 3  99 16 

No herbaceous c o n t r o l  : 

+ 213 woody con t ro l  -36 9  9  39 

+ 1 / 3  woody con t ro l  -58 5  2 3 

Table 5.--Survival of  l o b l o l l y  p ine s  i n  compet i t ion  
c o n t r o l  experiment by t rea tment .  

1 / Seedling Survival- 

I 2  - P 

3 - 
Treatment X % X 

Herbaceous c o n t r o l  : 

+ Tota l  woody con t ro l  83a 93b 97a 

+ 2/3 woody c o n t r o l  3 3a 96ab lOOa 

+ 113 woody con t ro l  92a 9 9a 97a 

only  80a lOOa 96a 

No herbaceous c o n t r o l :  

C Tota l  woody c o n t r o l  76a 95ab 100a 

+ 2 / 3  ~ o o d y  con t ro l  9  3a 96ab 96a 

+ 113 woody c o n t r o l  72a 95ab 96a 

No con t ro l :  84a 93b 3 6a 

l/Neans w i th in  ages followed by t h e  same l e t t e r  no t  - 
s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  0.05 l e v e l  



E q u a t i o n s  t o  p r e d i c t  p i n e  growth were de- 
veloped o m  an i n d i v i d u a l  t r e e  b a s i s  u t i l i z i n g  t h e  
i n t e n s i v e  competi t ion measurements ob ta ined  f o r  
t h e  f i v e  s e e d l i n g s  i n  each s p l i t - p l o t .  The p i n e  
v a r i a b l e s  used were t h e  n a t u r a l  Logarithm of t h e  
i n i t i a l  s tern volume (L'v'l) , and t h e  n a t u r a l  loga-  
r i thm o f  the stern volume growth (LVG). The hard- 
wood v a r i a b l e s  chosen r e f l e c t e d  t h e  change i n  t h e  
hardwood measurements w i t h i n  t h e  compet i t ion  p l o t s  
o f  each t Tee. These were ob ta ined  by s u b t r a c t i n g  
t h e  p r e t r e a t m e n t  measurements from t h o s e  taken a t  
t h e  end o f t h e  f i r s t  growing season.  The s p e c i f i c  
v a r i a b l e s  used were t h e  change i n  t h e  hardwood 
groundl ime  b a s a l  a r e a  (GEA), t h e  change i n  t h e  
r e l a t i v e  groundl ine  b a s a l  a r e a  (CRBA),  where t h e  
b a s a l  area of each compet i to r  was weighted by t h e  
i n v e r s e  o f i t s  d i s t a n c e  from t h e  p ine ,  and t h e  
change in .  the  hardwood crown voluxe (CBCV) , 

T'ne log of  t h e  i n i t i a l .  volume (LV1) was t h e  
b e s t  p r e d  i c t o r  of volume growth w i t h  a  c o e f f i c i e n t  
of d e t e r m i n a t i o n  of  .808 (Table 6 ) .  The a d d i t i o n  
of  each o f  t h e  hardwood v a r i a b l e s  r e s u l t e d  i n  
on ly  a  s l i g h t  i n c r e a s e  i n  t h e  R-squared. P a r t i a l  
F - t e s t s ,  designed t o  t e s t  i f  t h e  added v a r i a b l e  
c o n t r i b u t e d  t o  t h e  r e g r e s s i o n ,  were n o t  s i g n i f i -  
c a n t  a t  t h e  0.05 l e v e l  f o r  any of t h e  hardwood 
v a r i a b l e s .  

Table 6.--Coeff icients  o f  determxnation and 
p a r t i a l  F - t e s t  s i g n i f i c a n c e  f o r  a l l  a g e s  
and t r e a t m e n t s  

Model - ii2 P a r t i a l  F 

For i n s t a n c e ,  t h e  a d d i t i o n  of  t h e  change i n  hard- 
wood crown volume t o  t h e  m d e l  i n c l u d i n g  t h e  i n i -  
t i a l  volume r e s u l t e d  i n  a  1.62 i n c r e a s e  i n  t h e  
R-squared i n  t h e  t rea tments  x i t h o u t  herbaceous 
c o n t r o l  but  on ly  a 0.1% i n c r e a s e  i n  t h e  R-squared 
i n  t rea tments  w i t h  herbaceous c o n t r o l .  When 
sspasa ted  by bo th  age and herbaceous c o n t r o l ,  a 
single s i g n i f i c a n t  p a r t i a l  F- tes t  r e s u l t e d  w i t h  
t h e  ckange i n  hardwood croriic volune naklng a s i g -  
n i f i c a n t  c o n t r i b u t i o n  t o  exp la in ing  volume growth 
i n  t h e  three-year-old p ines  without  herbaceous 
c o n t r o l ,  A l l  o t h e r  p a r t i a l  F - t e s t s  were i n s i g -  
n i f  i c a n t  , 

These r e s a l t s  i n d i c a t e  t h a t  a d d i t i o n a l  d a t a  
and a n a l y s i s  a r e  needed f o r  t h e  development o f  
b e t t e r  p r e d i c t i v e  equa t ions .  An a d d i t i o n a l  y e a r  
o f  growth may r e s u l t  i n  b e t t e r  p r e d i c t i o n ,  as  may 
t h e  a d d i t i o n  of herbaceous v a r i a b l e s .  Also ,  more 
e l a b o r a t e  compet i t ion  i n d i c e s  w i l l  be c a l c u l a t e d  
and u t i l i z e d  i n  t h e  models. These w i l l  i n c l u d e  
d a t a  from a biomass-leaf a r e a  s tudy  t h a t  i s  cur -  
r e n t l y  being processed.  This  d a t a  w i l l  be  used 
t o  develop weight ing f a c t o r s  of c o m p e t i t i v e  
a b i l i t y  by s p e c i e s  r e f l e c t i n g  d i f f e r e n t i a l  re -  
source  use. These weight ing f a c t o r s  w i l l  be com- 
bined wi th  t h e  hardwood measurements t o  deve lop  
new compet i t ion  i n d i c e s  and w i l l  t ake  i n t o  ac- 
count t h e  p o s s i b i l i t y  o f  d i f f e r e n t  c o m p e t i t i v e  
e f f e c t s  by d i f f e r e n t  s p e c i e s .  On t h e  o t h e r  hand, 
t h e  l a c k  of  a  s i g n i f i c a n t  c o n t r i b u t i o n  by t h e  
hardwood v a r i a b l e s  m y  be  t h e  r e s u l t  of  a Large 
aaount  o f  v a r i a t i o n  between i n d i v i d u a l  t r e e s .  I f  
t h i s  is  t h e  c a s e ,  s t a n d  l e v e l  models may p r o v i d e  
b e t t e r  p r e d i c t i o n  of growth than i n d i v i d u a l  t r e e  
models i n  v e r y  young p l a n t a t i o n s .  To t e s t  t h i s  
i d e a ,  a  diameter  d i s t r i b u t i o n  model w i l l  be  de- 
veloped. 

LVG = L V I  0.808 N S 

LVG = L V  I + CBA 0.810 N S 

LVG = L V L  + CRBA 0.813 NS 

LVG = LV1 + CHCV 0.824 P3S 

S i n c e  t h i s  l a c k  of s i g n i f i c a n c e  may have been 
due t o  the d i f f e r e n t  responses  of t h e  d i f f e r e n t  
aged s e e d l i n g s ,  r e g r e s s i o n s  were at tempted f o r  
each age  s e p a r a t e l y ,  With t h e  sane  models., - t h e r e  
were, o n c e  aga in ,  no s i g n i f i c a n t  p a r t i a l  F- teses  
f o r  t h e  hardwood v a r i a b l e s .  However, t h e r e  ap- 
peared to be a t r e n d  of  i n c r e a s i n g  c o e f f i c i e n t  o f  
d e t e r m i n a t i o n  w i t h  i n c r e a s i n g  age of t h e  p i n e s ,  

The onlission of  herbaceous v a r i a b l e s  from 
t h e s e  m o d e l s  may a l s o  b e  e f f e c t i n g  t h e  r e s u l t s ,  
T h e r e f o r e ,  the  r e g r e s s i o n s  were run s e p a r a t e l y  on 
t h e  t r e a t m e n t s  wi th  herbaceous c o n t r o l  and t h o s e  
wi thout  h e r b a c e o u s  c o n t r o l .  With a l l  ages  in -  
cluded in. t h e  a n a l y s i s  t h e r e  were s t i l l  no s i g -  
n i f i c a n t  p a r t i a l  F - t e s t s  w i t h  t h e  a d d i t i o n  of the  
hardwood v a r i a b l e s .  However, t h e  hardwood vari- 
a b l e s  c o n t r i b u t e d  s l i g h t l y  more t o  t h e  R-squared 
than t h e  t r e a t m e n t s  wi thout  herbaceous c o n t r o l .  

Competition c o n t r o l  r e s u l t e d  i n  a  d i f f e r e n -  
t i a l  growth response t o  r e l e a s e  i n  bo th  ground- 
l i n e  d iameter  growth and volume growth i n  t h e  
f i r s t  growing season fo l lowing  t rea tment  , The 
b e s t  response was found i n  t h e  two-year-old plan-  
t a t i o n s  wi th  a  252% i n c r e a s e  i n  volume growth 
w i t h  t h e  two-thirds  woody p l u s  herbaceous c o n t r o l  
t rea tment  being t h e  b e s t  improvement o v s r  t h e  
t r e a t n e n t  wi thout  compet i t ion  c o n t r o l ,  T h i s  seems 
t o  i n d i c a t e  t h a t  response  t o  r e l e s s e  t r e a t m e n t s  
may b e  b e s t  when they  a r e  performed i n  p l a n t a t i o n s  
e n t e r i n g  t h e i r  second growing season and that 
t o t a l  hardwood c o n t r o l  i s  n o t  necessary  o r  even 
d e s i r a b l e .  Control  of herbaceous weeds i n c r e a s e d  
volume growth over  t he  same t rea tment  x l t h o u t  
herbaceous c o n t r o l  i n  most c a s e s .  This  trerid w a s  
s t r o n g e s t  i n  t h e  f i r s t  and second year  p l a n t a t i o n s  
becoming less obvious w i t h  age, and response was 
b e t t e r  i n  woody and herbaceous control combina- 
t i o n s  than i n  t h e  herbaceous c o n t r o l  t r e a t m e n t  
a lone .  The i n c l u s i o n  of hardwood v a r i a b l e s  i n  
e q u a t i o n s  p r e d i c t i n g  p i n e  volume growth on t h e  
i n d i v i d u a l  t r e e  b a s i s  d i d  no t  s i g n i f i c a n t l y  in-  
c r e a s e  t h e  a b i l i t y  t o  p r e d i c t  growth. However, 
d i f f e r e n t  methods of approaching t h i s  problem were 
i n d i c a t e d  and f u r t h e r  a n a l y s i s  i s  planned.  
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M[fLCRING IMPROVES THE GROWTH AND INTERNAL HOfSTURE STATUS 

OF LOBLOLLY PINE AND YELLOW-POPLAR 

IN AAI INTENSIVELY MANAGED BIOWSS PLANTATION&/ 

R. F. Walker, R. 3 .  Luxmoore, and S. 8. Mctaughlingl 

Abstract. The effects of mulching, in conjunction 
with fertilization and induced mycorrhizal symbioses, on 
the growth and internal moisture status of loblolly pine 
(Pinus taeda) and yellow-poplar (Liriodendron tulipifera) 
were studied in a plantation managed for the enhanced 
production of woody biomass. Mulching with perforated 
black plastic during the third growing season resulted in 
an increase in soil water potential, measured 
tensiometrically, which subsequently resulted in an 
increase in the xylem pressure potential, as measured by 
the pressure chamber technique, and the growth of these 
species. Four applications of urea-M annually at the rate 
of 25 kg ha-I application-I during the second, third, 
and fourth year following planting resulted in a signifi- 
cant increase in the growth of both the loblolly pine and 
the yellow-poplar, but the loss of the integrity of the 
mycorrhizal treatments in this study negated an effort to 
assess the response of these species to induced mycorrhi- 
zal associations. 

I/ Paper presented at the Southern 
~ilvicul tural Research Conference, Atlanta, 
Georgia, November 7-8, 1984. 

2/ The authors are University of Tennessee - 
Research Associate stationed in the 
Environmental Sciences Division of the Oak Ridge 
National Laboratory, Research Staff Member, and 
Senior Research Staff Member, respectively, 
Environmental Sciences Division, Oak Ridge 
National Laboratdry, Oak Ridge, Tennessee 
37831. This research was sponsored by the 
Biomass Energy Technology Division of the U.S. 
Department of Energy under contract 
DE-AC05-840R21400 with Martin Marietta Energy 
Systems, Incorporated. Publication No. 2444, 
Environnrental Sciences Division, OWL. The 
authors are indebted to the Institute for 
Hycorrhizal Research and Development of the USDA 
Forest Service and to Dr. Ronald L. Hay of the 
Department of Forestry, Wildlife, and Fisheries, 
University of Tennessee for their assistance. 
The use of trade names in this publication does 
not constitute an endorsement by the Oak Ridge 
National Laboratory. 

INTRODUCTION 

The potential benefits of mulching as a 
cultural practice are well documented and in- 
clude the reduction of surface runoff and 
erosion, the conservation of soil moisture, the 
modification of extremes in surface soil tem- 
peratures, and the control of undesirable vege- 
tation. Mulching has been routinely employed in 
general agricultural and nursery operations for 
many years (Hartmann and Kester 1975) and has 
also been used extensively for highway slope 
stabilization (Osborne and Gilbert 1978). Elore 
recently, it has received wide acceptance as an 
essential tool in the reelmation of surfaee- 
mined lands (Paass 19781, and it is only in the 
reforestation of these sites that its applica- 
bility as a silvicultural practice been investi- 
gated (Albers and Carpenter 1979, Tackett and 
Graves 1979). Another potential application of 
mulching in forestry is in silvicultural biomass 
plantations, where intensive cultural practices 
are mandated by the relative shortness of the 
crop rotations, but this potential has been 
neither explored nor exploited to any apprecia- 
ble extent. Cognizant of these foregoing 
considerations, this study was conducted to 
assess the effects of mulching, in conjunction 



with fertilization and induced mycorrhizal SW- 
bioses, on the growth and internal moisture 
status of loblollg pine CPinus taeda L.) and 
yellow-poplar (tiriodendron L.) in a 
plantation managed for the enhanced production 
of woody biomass. 

UTERIALS AfJB METHODS 

The site on which this study was conducted 
is located in Roane County, Tennessee on the Oak 
Ridge Reservation. Several soil series are 
represented on the site, all of which were 
derived from shale andlor sandstone, and most of 
which were badly eroded. Prior to the estab- 
lishment of the plantation, the predominate 
vegetation consisted of secondary hardwood-pine 
scrub forest resulting from agricultural aban- 
donment. After the harvest of all salvageable 
timber and pulpwood, the slash was windrowed and 
the soil was prepared for planting by disking. 
In February and Mareh 1981, loblolly pine31 and 
yellow-poplar&/ seedlings were machine planted 
in separate locations on the plantation site. 
The spacing within and between rows was approxi- 
mately 2 m, and following planting, the seed- 
lings of each species were divided into 
individual 20 x 20 m plots with a 6 m wide 
border separating each plot. Within each 
species, the plots consisted of seedlings 
previously inoculated in the nursery with a 
specific mycorrhizal fungus or a combination of 
mycorrhizal fungi, or of seedlings infected with 
mycorrhizal symbionts endemic to the nursery. 
For the inoculated loblolly pine, an ectomy- 
corrhizal association of this host and 
Pisolithus tinctorius (Pers.) Coker and Couch 
was induced by the method of Marx and Bryan 
(1975) with modifications to accommodate the 
prevailing site factors and soil conditions of 
the nursery. For the inoculated yellow-poplar, 
an endomycorrhizal association of this host and 
both Glomus mosseae (Nicol. and Gerd. ) Gerd. and 
Trappe and Glomus fasciculatus (Thaxter) Gerd, 
and Trappe was induced by the method of Kormanik 
et al. (1980a1, again with modifications to 
accomodate the prevailing nursery conditions. 
After lifting from the nursery bed, the ectomy- 
corrhizal development of the inoculated and 
noninoculated loblolly pine seedlings was 
evaluated by the method of Marx et al. (1976) 
and the endomycorrhizal development of the 
inoculated and noninoculated yellow-poplar was 
evaluated by the method of Kormanik et al. 
(1980b). 

In 1982, a fertility variable was intro- 
duced in the study by dividing the plots of the 
noninoculated seedlings of both the loblolly 
p i n e  and the yellow-poplar into fertilized and 
nonfertilized treatments. The fertilized plots 
received four applications of urea-N, applied by 
broadcasting at the rate of 25 kg ha-l 
appfieation-i, at equal intervals throughout 
the year for a total annual rate of 100 kg 
ha-ll while the nonfertil ized plots served as 
the control treatment. These fertilization 
treatments were repeated in 1983 and again in 
1984. In June 1983, paired mulched and 
nonmulched subplots were established within the 
plots of the inoculated seedlings, the 
fertilized seedlings, and the control seedlings 
of each species. Each subplot consisted of two 
adjacent seedlings, and perforated black plastic 
(0.152 mm in thickness) was applied over an area 
of 4 m2 centered around each of the seedlings 
within the subplots designated to receive the 
mulching treatment. Each combination of 
inoculation, fertilization, and mulching treat- 
ment was replicated twice for each species. 
Between the two seedlings of each subplot, an 
1rrometee Model S 12-inch soil tensiometer,/ 
and two Wescor PCT-55-15-SF soil psychrom- 
eters&/ were installed in order to monitor soil 
moisture and temperature. One psychrometer was 
installed at a depth of 15 cm and the other at a 
depth of 60 cm. 

On each of two successive days in early 
September 1983, the xylem pressure potentials of 
the trees of one replication of every combina- 
tion of species and treatment were measured at 
dawn and again at midday using a PMS Model 600 
portable pressure chamber.l/ The general 
methodology used for these measurements was that 
of Waring and Cleary (1967). Small branches 
selected from mid crown were cut approximately 
12 cm*from the terminal bud for measurement, and 
the pressure within the chamber was increased at 
a constant rate of approximately 0.07 MPa s-I 
until sap appeared uniformly on the cut 
surface. The dawn measurements were begun at 
6:00 a.m. and completed by 7:30 a.m. and the 
midday measurements were begun at 1:00 p.m. and 
completed by 2:30 p.m. At the midpoint of each 
measurement period, the air temperature was 
determined using a mercury thermometer. Between 
the dawn and midday measurements of xylem pres- 
sure potential, readings of soil water potential 
were taken from the soil tensiometers, and 
readings of soil water potential and soil 
temperature were obtained from the soil psy- 
chrometers using a Wescor WR-33T dew point 
microvoltmeter. The first series of 

31 The loblolly pine seedlings were grown 
by the South Carolina State Commission of 
Forestry at its Ridge State Forest Tree Nursery, 
P.O. Box 116, Trenton, South Carolina 29847, 

41 The yellow-poplar seedlings were grown 
by the Tennessee Division of Porestry at its 
Pinson State Forest Tree Nursery, P.O. Box 132, 
Pinson, Tennessee 38366. 

5 /  Irrometer Company, P.O. Box 2424, - 
Riverside, California 92516. 

61 Wescor, Incorporated, 459 South Main - 
Street, Logan, Utah 84321, 

7/ PMS Instrument Company, 2750 NW Royal - 
Oaks Drive, Corvallis, Oregon 97330, 



measurements of xylem pressure potential and 
soil watr er potential (Day 1-2 measurements) was 
made o m  two successive days immediately 
following a major precipitation event, as 
monitored by an on-site rain gauge. A second 
series of these measurements, identical in 
method and sequence to the first series, was 
made on the eighth and ninth day following the 
precipikation event (Day 8-9 measurements). 
Imediately following the Day 8-9 measurements, 
an estimate of the percent ground cover of each 
of the monmulched subplots was determined by the 
guided estimate method of Phillips (1959). 
Measurements of the height and root collar 
diameter of the trees in each subplot were made 
in June 1983 at the installation of the mulching 
treatmemts, in October 1983 at the end of the 
third growing season, and in October 1984, With 
the exception of the air temperature measure- 
ments, analyses of ~ariance were done on all 
data and the differences among means were 
evaluated with Duncan's New Multiple Range Test 
(P=O. 1) - 

RESULTS 

Twenty-four percent of the short roots of 
the loblolly pine seedlings inoculated in the 
nursery with g. tinctorius were infected with 
this symbiont at lifting and 30% were infected 
with ectomycorrhizal fungi endemic to the 
nursery.g/ Seventy-one percent of the inoc- 
ulated loblolly pine seedlings examined at 
lifting from the nursery bed were infected with 
P .  tinc torius . Of the noninoculated loblolly - 
pine, 5% of the short roots were found to be 
infected with g. tinctorius at lifting and 43% 
were infected with naturally occurring ectorny- 
corrhizal fungi; 34% of the noninoculated 
loblolly pine examined at lifting were infected 
with fl. tinctorius. During the third growing 
season after outplanting, examinations of the 
complete root systems of inoculated loblolly 
pine growing adjacent to the subplots of this 
treatment revealed that less than 5% of the 
short roots were infected with E. tinctorius and 
less than 20Y0 were infected by any ectomycor- 
rhizal symbiont. Conversely, examinations of 
the root systems of noninoculated loblolly pine 
growing adjacent to the subplots of this treat- 
ment revealed that more than 40% of the short 
roots were ectomycorrhizal, essentially none of 
which was the result of an infection by P. 
tinctorius. After the lifting of the yellow- 
poplar from the nursery bed, it was found that 
the overall level of endomycorrhizal development 

did not differ significantly between the 
inoculated and noninoculated seedlings, so any 
differences in the performance of these seed- 
lings during this study can not be attributed to 
this treatment,?/ 

Fertilization significantly increased the 
growth of the loblollg pine and the yellow- 
poplar in this study after four growing seasons 
(Table 2 ) .  Conversely, the growth of the 
inoculated trees of both species was generally 
inferior, with respect to height and root collar 
diameter, to that of the control trees irre- 
spective of the mulching treatment, although the 
differences were not always statistically sig- 
nificant. The growth of these two species was 
also expressed relative to that which had 
occurred prior to the installation of the paimd 
mulched and nonmulched subplots in order to 
emphasize the effect of this treatment on the 
ensuing growth through the fourth growing 
season, Generally, the response of both species 
to mulching was strongly positive with respect 
to either growth parameter and irrespective of 
the main treatment, although statistically sig- 
nificant differences primarily occurred only in 
the loblolly pine. 

The xylem pressure potential measurements 
made at midday on the eighth and n i n t h  day 
following the precipitation event indicated that 
the internal moisture status of the mulched 
loblolly pine was significantly more favorable 
for growth than that of the nonmulched loblolly 
pine within every main treatment, and similar 
results were noted for the measurements made at 
midday on the first and second day (Table 2). 
Generally, the xylem pressure potentials of the 
mulched yellow-poplar were also more favorable 
(less negative) at midday than those of the 
nonmulched yellow-poplar, although the 
differences within main treatments were rarely 
significant. At dawn, the differences in pres- 
sure potential between mulched and nonmulched 
trees were usually relatively small, although 
sometimes significant, for both species during 
either the Day 1-2 measurements or the Day 8-9 
measurements, but here again, the inkernal 
moisture status of the mulched trees was 
generally more favorable than that of the non- 
mulched trees. Overall, the xylem pressure 
potentials of the fertilized loblolly pine were 
marginally, and in some instances significantly, 
higher (less negative) than those of the control 
loblolly pine, but significant differences 
rarefy occurred between the fertilized and eon- 
trol yellow-poplar. Routinely, soil water was 
more available (less negative soil water 

8f  The evaluation of the ectomycorrhizal 
development of the loblolly pine iteedlings at 
lifting was done by Dr. Donald M. Marx, USDA 
Forest Service, Southeastern Forest Experiment 
Station, Institute for Mycorrhizal Research and 
Development, Forestry Sciences Laboratory, 
Carlton Street, Athens, Georgia 30602. 

9/ The evaluation of the endornycorrhizal 
development of the yellow-poplar seedlings at 
lifting was done by Dr. Ronald L. Way, 
University of Tennessee, Department of Forestry, 
Wildlife, and Fisheries, P.O. Box 1071, 
Knoxville, Tennessee 37901, 



Table I. The growth after four growing seasons and 
the relative growth through the fourth growing 
season following mulching during the third growing 
season of inoculated, fertilized, and control 
loblolly pine and yellow-poplar.gl 

Relative Growth 

Root Collar 
Height Diameter Root Collar 

Treatment (em) (m) Height Dimeter 

P. tinctorius 
Mulched 211de 48bc 0.96a 1.08a 
Nonmulched 190e 376 0 . 6 6 ~  0.57~ 

Fertilized 
Mulched 331a 76a 0.84ab 0.92ab 
Nonmulched 303ab 61b 0.73bc 0.69bc 

Control 
Mulched 276bc 6Ob 0.95a 1. lla 
Nonmulched 237cd 52b 0.82b 0.92ab 

Glomus spp. 
Mulched 14% 38b 0.36a 0.65ab 
Nonmulched 1546 36b 0.35a 0.41b 

Fertilized 
Mulched 267a 58a 0.77a 1.25a 
Nonmulched 258a 50a 0.50a 0.67ab 

Control 
Mulched 223ab 52a 0.67a 1.13a 
Monmulched 179bc 33b 0.36a 0.61ab 

I/ Within a species and column, means with a 
common letter do not differ significantly at P=0.1. 

potential) for tree growth in the mulched sub- 
plots of both the loblolly pine and the yellow- 
poplar than in the nonmulched subplots during 
either the Day 1-2 or the Day 8-9 measurements, 
but the differences within main treatments were 
significant in only a few instances. All soil 
water potential measurements shown in Table 2 
were obtained from the soil tensiometers in- 
stalled in each subplot; the study site was not 
sufficiently dry at the time of these measure- 
ments to obtain accurate readings from the soil 
psychrometers. 

The mean air temperature at 6:45 a.m. 
during the Day 1-2 measurements of xylem pres- 
sure potential and soil water potential was 
~ O C ,  and the mean temperature at 6:45 a.m. 
during the Day 8-9 measurements was gOe. The 
mean air temperatures at 1:45 p.m. during the 
Day 1-2 and Day 8-9 measurements were 26OC and 
27O6, respectively. Due to the inadvertent 
malfunction of the soil psychrometers installed 

in some of the subplots of the loblolly pine, 
soil temperatures were obtained in the yellow- 
poplar subplots only. At a depth of 15 em, soil 
temperature ranged from 1 8 O ~  to 21°c in the 
yellow-poplar subplots and did not differ 
significantly between any of the treatments 
represented in this study, The percent ground 
cover within the nonmulched subplots of the 
inoculated, fertilized, and control loblolly 
pine was 78%, 7470, and 54X, respectively, but a 
significant difference existed only between the 
inoculated and the control loblolly pine. The 
percent ground cover within the nonmulched sub- 
plots of the inoculated, fertilized, and control 
yellow-poplar was 24%, 542, and 45%, respec- 
tively; there were no significant differences in 
percent ground cover between any of the main 
treatments of the yellow-poplar. 

DISCUSSION 

It can be concluded that the perforated 
black plastic used as a mulch in this study 
conserved soil moisture in the mulched subplots 
sufficiently to effect a significant reduction 
in the internal moisture stress of the loblolly 
pine, and to a lesser extent the yellow-poplar, 
during dry periods. Subsequently, this enhanced 
internal moisture status was reflected in the 
increased growth of the mulched trees that 
followed the installation of this treatment. 
Plastic mulching materials are undoubtedly 
effective in reducing evaporative loss of soil 
moisture, but integrating the results of other 
studies (Carter et al. 1984, Nelson et al. 1981) 
and the results presented here suggests that the 
elimination of competing vegetation which 
accompanies the use of mulches is also of 
primary importance in the conservation of soil 
moisture, Comparisons of the xylem pressure 
potentials between the fertilized and control 
trees of both species indicated that the 
fertility regime employed in this study did not 
effect an imbalance in the shoot/root ratio to 
the extent that it impaired the ability of the 
root systems to supply water to the aboveground 
portions during dry periods. The lack of a sig- 
nificant difference between the soil tempera- 
tures of the mulched and nonmulched yellow- 
poplar subplots indicates that the use of black 
plastic as the mulching material did not result 
in an elevation of soil temperature, and sub- 
sequently that the increased growth of t h ~  
mulched trees in this study can not be 
attributed to any increase in nutrient avail- 
ability resulting from a temperature-induced 
increase in the rate of soil organic matter 
mineralization. 

Any reasoning for the relatively poor 
performance of the inoculated loblolly pine and 
yellow-poplar in this study is largely a matter 
of speculation, and it is probable that several 
interacting factors contributed to this result. 
A relatively long cold storage period (approxi- 
mately eight weeks) between the lifting and the 
outplanting of the loblolly pine may have 



'able 2. The xylem pressure potentials and soil water potentials in paired 
mulched and nonmulched subplots of inoculated, fertilized, and control 
loblolly pine and yellow-poplar at two time intervals following a major 
precipitation event during the third growing season.&/ 

Xylem Pressure Potential (NPa) 
Soil Water 

Day 1-2 Day 8-9 Potential (NPa) 

Treatment Dawn Midday Dawn Nidday Day 1-2 Day 8-9 

P, tinctorius - 
Mulched -0.41a -1.30~ -0.41a -1.38b -0.048a -0.054ab 
Nonmulched -0.48b -1.38e -0.53ab -1.52~ -0.051a -0.057b 

Fertilized 
Mulched -0.48b - 1.13a -0.54ab -1.24a -0.033a -0.054ab 
Nonmulched -0.52bc -1.25b -0.52ab -1.47~ -0.05 7a -0.066~ 

Control 
Nulched -0.49b -1.34d -0.54ab -1.42b -0.045a -0.047a 
Nonmufched -0.53~ -1.39e -0.71b -1.49~ -0.054a -0.056b 

Glomus spp. 
Mulched -0.46~ -1.29b -0.54ab -1.27a -0.026a -0.034a 
Nonmulched -0.4Sd -1.38b -0.60ab -1.49a -0.049b -0.039ab 

Fertilized 
Mulched -0.40a -1.00a -0.47ab -1.25a -0.038ab -0.043b 
Monmulched -0.46~ -1.29b -0.70b -1.51a -0.042ab -0.055~ 

Control 
Mulched -0.39a -1.21ab -0.45a -1.43a -0.035ab -0.037ab 
Nonmulched -0.43b -1.3l.b -0.52ab -1.52a -0.039ab -0.039ab 

1/ Within a species and column, means with a common fetter do not differ - 
significantly at P=0.1. 

resulted in a reduction in the viability of the 
P. tinctorius ectomycorrhizae present on the - 
root systems of the inoculated seedlings, which 
subsequently resulted in a delay in the develop- 
ment upon outplanting of the ectomycorrhizal 
root systems considered indispensable for the 
growth of Pinus spp. under natural conditions 
(Meyer 1973). Ectomycorrhizal fungi differ 
markedly in their carbohydrate requirements 
(Hacskaylo 1973), and the g. tinctorius 
ectomycorrhizae may have largely exhausted 
available carbohydrate reserves during cold 
storage. It is also possible, despite 
appearances to the contrary (Harx 19771, that 
the site on which this study was conducted was 
not sultable for the growth and development of 
P. tinctorius. The lack of any quantitative - 
difference in overall endomycorrhizal 
development between the inoculated and 
noninoeulated yellow-poplar at outplanting leads 
to the conclusion that the relatively poor 
performance of the inoculated yellow-poplar was 
attributable to variation in site 
characteristics within the plantation, a factor 
which may have also contributed to the 

relatively poor performance of the inoculated 
loblolly pine. In contrast to the disappointing 
results of the mycorrhizal treatments employed 
in this study, the response of both loblolly 
pine and yellow-poplar to fertilization was 
strongly positive and, in light of the poor 
growing conditions prevailing on the site, needs 
no further elaboration. 

In woody biomass plantations where inten- 
sive silvicultural practices are mandated by the 
relative shortness of the crop rotations, the 
results presented here indicate that mulching 
can result in a substantial increase in site 
productivity, and in many locations, may 
eliminate the need for more costly irrigation 
systems. This cultural practice may prove 
particularly applicable in climatic regions 
typified by adequate yearly precipitation but 
subject to uneven distribution, such as the 
southeastern United States, where it may 
effectively extend the growing season through 
the frequently dry months of August and 
September. 
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1 / INTENSIVE CULTURE GIVES SLASH PINE PLANTATIONS A PAST START- 

2 1  James D. Burton and Glenn A. Snow- 

Abstract.--Container-grown s l a s h  p ine  s e e d l i n g s  
p l a n t e d  on a cu tover  f o r e s t  s i t e  i n  c e n t r a l  Louis iana  
rece ived  4 l e v e l s  of c u l t u r e  (check, weeded, weeded- 
bedded, o r  weeded-bedded-fer t i l izer)  i n  a l l  p o s s i b l e  
combinations wi th  no spray ing  o r  repea ted  spray ings  of 
a  sys temic  fungic ide  f o r  p ro tecc ion  a g a i n s t  fus i fo rm 
r u s t .  Four years  a f t e r  p l a n t i n g ,  mean t r e e  h e i g h t  and 
t o t a l  stemwood volume per  a c r e  increased  from 5.5 f e e t  
and 20 cubic  f e e t l a c r e  on check p l o t s  t o  13.2 f e e t  and 
193 c u b i c  f e e t i a c r e  on weeded-bedded-fertilized p l o t s .  
On fungicide-sprayed p l o t s ,  t h e  percentage of p lan ted  
t r e e s  s u r v i v i n g  and f r e e  of stem g a l l s  decreased from 
95 i n  t h e  check p l o t s  t o  90 i n  t h e  weeded-bedded- 
f e r t i l i z e d  t rea tment .  I n  unpro tec ted  p l o t s ,  t h e  corn- 
p a r a b l e  percen tages  were 76 and 51. 

INTRODUCTION 

S l a s h  p ine  (Pinus aZZiottii Engelm, var .  
eZZiot*ii) p l a n t a t i o n s  i n  t h e  western Gulf 
C o a s t a l  P l a i n  can reach  economic m a t u r i t y  
f a s t e r  i f  t h e  r o t a t i o n  i s  shortened by s i t e  
p r e p a r a t i o n ,  weeding, and f e r t i l i z a t i o n .  Rapid 
growth a l s o  has insurance  va lue  and planning 
va lue :  the  j u v e n i l e  per iod  of extreme vulnera-  
b i l i t y  t o  w i l d f i r e  and d i s e a s e  i s  shor tened ,  
w h i l e  t h e  l a t i t u d e  f o r  d e c i s i o n  making by t h e  
landowner  is correspondingly increased .  An 
example  i s  provided by an ongoing s tudy  t h a t  
was begun  i n  c e n t r a l  Louisiana i n  1979. 
R e s u l t s  through t h e  f i r s t  4  y e a r s  of t h a t  s tudy  
a r e  p r e s e n t e d  i n  t h i s  paper* 

MATERIALS AND mTHODS 

Study Area 

T h e  s tudy a r e a  i s  on t h e  P a l u s t r i s  
E x p e r i m e n t a l  F o r e s t  near  Alexandria ,  Louisiana.  
S o i l s  a r e  s i l t  loarns i n  t h e  Beauregard--Caddo 
a s s o c i a t i o n .  Slopes range only from 0.2 t o  0.6 
p e r c e n t ,  averaging 0.4 percen t ,  and c o n s i s t e n t -  

l/I?aper p resen ted  a t  Southern 
S i lv ic r? l l t i l ra l  Research Conference, A t l a n t a ,  
G e o r g i a ,  November 7-8, 1984, 

Z f ~ u r t o n  i s  Research F o r e s t e r ,  USDA F o r e s t  
S e r v i c e ,  Southern F o r e s t  Experiment S t a t i o n ,  
P i n e v i l l e ,  LA. Snow i s  Supervisory Research 
P l a n t  P a t h o l o g i s t ,  Southern F o r e s t  Experiment 
S t a t i o n ,  Gul fpor t ,  MS. 

l y  f a c e  a s i n g l e  d i r e c t i o n .  Nutr ient-supplying 
c a p a c i t y  of t h e  s o i l s  i s  low: t o t a l  n i t r o g e n  i n  
t h e  uppermost 6 inches  averaged 0.09 p e r c e n t  and 
a v a i l a b l e  phosphorus 0.9 p/m. Although t h e s e  
s o i l s  a r e  droughty i n  summer, t h e  wate r  t a b l e  is  
a t  o r  near  t h e  s u r f a c e  i n  w i n t e r *  

The a r e a  was prepared by h a r v e s t i n g  t h e  
v o l u n t e e r  oak-pine f o r e s t .  Every t r e e ,  l i v i n g  o r  
dead, s t a n d i n g  o r  f a l l e n ,  2  inches  d,b.h. and 
l a r g e r ,  was dragged o f f  t h e  s i t e ;  woody stems 
s m a l l e r  than  t h i s  were c u t  and l e f t .  

Seed l ing  Product ion 

Seeds from a bulk l o t ,  l a b e l e d  South 
H i s s i s s i p p i  S l a s h  P ine  1973, were sown i n  
s t y r o b l o c k  c o n t a i n e r s  wi th  4-cubic-inch c a v i t i e s .  
Prev ious  exper ience  had shown t h a t  t r e e s  grown 
from seeds  of t h i s  l o t  were vigorous,  hardy,  and 
s u s c e p t i b l e  t o  fus i fo rm r u s t  i n f e c t i o n  i n  c e n t r a l  
Louisiana.  Seed l ings  were grown f o r  14 weeks i n  
a greenhouse and ou tp lan ted  i n  A p r i l  1979, spaced 
6 f e e t  a p a r t  i n  rows 8 f e e t  a p a r t ,  Each p l o t  
con ta ined  168 t r e e s  (equa ls  908 t r e e s l a c r e )  i n  12 
rows of 14 i n d i v i d u a l s .  

Treatments 

E i g h t  p l o t s ,  each 96 by 84 f e e t  ( e q u a l s  0.185 
a c r e ) ,  were l a i d  out  i n  each of t h r e e  blocks.  
E igh t  t r e a t m e n t s  r e p r e s e n t i n g  f o u r  l e v e l s  of 
c u l t u r e  wi th  no spray ing  o r  repea ted  s p r a y i n g s  of 
a  sys temic  f u n g i c i d e  f o r  p r o t e c t i o n  a g a i n s t  
f u s i f o r m  r u s t  were randomly ass igned  w i t h i n  each 
block. The c u l t u r e  l e v e l s  were: 



C - Check, 

WB - Weeding and bedding, and 

WBF - Weeding, bedding, and f e r t i l i z i n g .  

I n  October 1978, 6 months before  ou tp lan t -  
i n g ,  t h e  W p l o t s  were f l a t - d i s k e d ,  and t h e  %!I3 
and WBF p l o t s  were bedded. The WBF p l o t s  were 
g iven  96 l b f a c r e  of phosphorus before  bedding, 
s o  t h a t  t h e  forming of t h e  beds would mix t h e  
0-46-0 t r i p l e  superphosphate wi th  t h e  s o i l .  
The WBF p l o t s  a l s o  rece ived  anunonium n i t r a t e ,  
which i s  33 percent  e lementa l  n i t r o g e n ,  i n  J u l y  
1979, 3  months a f t e r  o u t p l a n t i n g  of t h e  s l a s h  
p i n e  s e e d l i n g s .  Twenty grams (0.0441 l b )  of 
amonium n i t r a t e  p e l l e t s  were a p p l i e d  i n  a  
c i r c l e  1 f o o t  i n  r a d i u s  around each of t h e  908 
s e e d l i n g s  p e r  ac re .  This  r a t e  amounted t o  a  
n i t r o g e n  a p p l i c a t i o n  e q u i v a l e n t  t o  200 l b l a c r e  
w i t h i n  t h e s e  c i r c l e s  o r  13 l b / g r o s s  ac re .  

The p l o t s  t o  be weeded (W, WB, and WBF) 
were sprayed wi th  a  mixture of dalapon (6 l b  
a . i . / a c r e )  and s imazine ( 3  l b  a . i . / a c r e )  i n  
A p r i l  and wi th  g lyphosa te  (5.5 l b  a . i . / a c r e )  i n  
l a t e  J u l y  i n  each of t h e  f i r s t  4 years .  

The sys temic  f u n g i c i d e  t r i ad imefon ,  t r a d e  
3 / name Bayleton-- WP50 (50-percent w e t t a b l e  

powder), was prepared by mixing 6 g wi th  6.3 m l  
of Agri-Dex s t i c k e r  i n  1 g a l  of water.  Band- 
pumped backpack s p r a y e r s  were used t o  apply t h e  
suspens ion  i n  t h e  f i r s t  and second y e a r s ,  and a  
high-volume power s p r a y e r  was used i n  t h e  t h i r d  
and f o u r t h  years .  During t h e  f i r s t  year ,  
f u n g i c i d e  was a p p l i e d  t o  t h e  s e e d l i n g s  t h e  day 
b e f o r e  p l a n t i n g  and then  f o u r  more t imes a t  
0.05 l b l a c r e  a t  i n t e r v a l s  of about 2 weeks. 
There were 5 spray ings  a t  0.2 l b l a c r e  t h e  
second year ,  4  a t  1.9 l b l a c r e  t h e  t h i r d  y e a r ,  

Bayleton i s  a  r e g i s t e r e d  trademark of 
Farbenfabr iken  Bayer GmbK, Leverkusen. The u s e  
of t r a d e ,  f i rm,  o r  c o r p o r a t i o n  names i n  t h i s  
p u b l i c a t i o n  is f o r  t h e  i n f o r m t i o n  and 
convenience of t h e  r e a d e r ,  Such use does not  
c o n s t i t u t e  an o f f i c i a l  endorsement o r  approval  by 
t h e  USDA of any product  o r  s e r v i c e  t o  t h e  
e x c l u s i o n  of o t h e r s  t h a t  may be s u i t a b l e .  

T h i s  p u b l i c a t  i o n  r e p o r t s  research  involv ing  
p e s t i c i d e s .  A l l  uses  of p e s t i c i d e s  must be 
r e g i s t e r e d  by a p p r o p r i a t e  S t a t e  and Federa l  
a g e n c i e s  before  they can be recommended. Use 
p e s t i c i d e s  only when needed and handle them wi th  
c a r e .  I f  p e s t i c i d e s  a r e  handled,  a p p l i e d ,  o r  
d i sposed  of improperly,  they may i n j u r e  humans, 
domest ic  animals ,  d e s i r a b l e  p l a n t s ,  p o l l i n a t i n g  
i n s e c t s ,  f i s h ,  o r  o t h e r  w i l d l i f e ,  and may 
contaminate  water  s u p p l i e s .  Follow t h e  
d i r e c t i o n s  and heed a l l  p recau t ions  on t h e  
c o n t a i n e r  l a b e l .  

and 3 a t  1.0 l b l a c r e  t h e  f o u r t h  y e a r ,  During 
t h e  f i r s t  3 years ,  each spray ing  appl ied  enough 
of t h e  suspension t o  wet t h e  e n t i r e  crown. I n  
t h e  f o u r t h  year ,  each spray ing  wetted only t h e  
growing t i p s .  The spray ings  began i n  t h e  f i r s t  
week of A p r i l  and ended i n  t h e  t h i r d  week of 
May, t h u s  spanning t h e  per iod  when bas id iospore  
d i ssemina t ion  u s u a l l y  occurs .  

Measurements and Analysis  

A l l  measurements were made on t h e  48 t r e e s  (6 
rows of 8) a t  t h e  c e n t e r  of each p l o t .  

Tree  s u r v i v a l  was observed and t o t a l  h e i g h t  
measured t o  t h e  n e a r e s t  0 .I f o o t  a t  t h e  end of 
each growing season;  d.b.h. of t r e e s  >4.5 f e e t  
t a l l  was measured t o  t h e  n e a r e s t  0.1 inch a f t e r  
t h e  t h i r d  and f o u r t h  growing seasons.  For com- 
p a r i s o n s  between t r e a t m e n t s ,  t h e  q u a d r a t i c  mean 
d.b.h. (d.b.h. of t h e  t r e e  of mean b a s a l  a r e a )  was 
c a l c u l a t e d .  Stemwood volumes were obtained by t h e  
s l a s h  p ine  formula of Schmitt and Bower (1970). 
F u s i f o m  r u s t  g a l l s  f o r  each year  were observed i n  
March, 15 months a f t e r  t h e  end of t h e  year  of 
i n f e c t i o n *  

Analys i s  of v a r i a n c e  employed a  f a c t o r i a l  
model. When t h e  f u n g i c i d e  x c u l t u r e  i n t e r a c t i o n  
was s i g n i f i c a n t  a t  t h e  0.05 l e v e l ,  d i f f e r e n c e s  
between c u l t u r e  means w i t h i n  a fungic ide  l e v e l  
were t e s t e d  by Duncan's new m u l t i p l e  range t e s t .  
When t h e  i n t e r a c t i o n  was not  s i g n i f i c a n t ,  t h e  main 
e f f e c t  of c u l t u r e ,  wi th  3 degrees  of freedom 
(d . f . ) ,  was t e s t e d  by Duncan's t e s t ,  and t h e  main 
e f f e c t  of fungic ide ,  wi th  1 d.f . ,  was t e s t e d  by 
t h e  e r r o r  mean square ,  wi th  14 d.f.  Throughout 
t h i s  paper ,  t rea tment  means, main e f f e c t s ,  and 
t h e i r  d i f f e r e n c e s  a r e  repor ted  only i f  t h e s e  d i f -  
f e r e n c e s  a r e  s i g n i f i c a n t .  

RESULTS 

S u r v i v a l  and Growth 

A f t e r  4 y e a r s ,  s u r v i v a l  was 91 percent  i n  t h e  
check and averaged 95 percen t  i n  t h e  o t h e r  c u l t u r e  
l e v e l s  ( t a b l e  I ) .  It averaged 91 percen t  i n  
unpro tec ted  and 97 percen t  i n  p r o t e c t e d  t r e a t -  
ments. The f u n g i c i d e  x c u l t u r e  i n t e r a c t i o n  was 
not  s i g n i f i c a n t .  

Mean h e i g h t  a t  age 4 was 5.5 f e e t  i n  t h e  
check, was n e a r l y  doubled by M, was more t h a n  
doubled by WBF, but  was not af f  e c t e d  by WBF o r  
f u n g i c i d e  ( t a b l e  2 ) .  Fourth-year h e i g h t  growth of 
s u r v i v i n g  t r e e s  >4.5 f e e t  t a l l  inc reased  wi th  W 
and a g a i n  wi th  MBF; it a l s o  was increased  by 
f u n g i c i d e  ( t a b l e  3), I n  t h e  check, 79 p e r c e n t  of 
s u r v i v i n g  t r e e s  were >4,5 f e e t  t a l l ;  i n  a l l  o t h e r  
c u l t u r e  l e v e l s ,  99 percen t  were >4.5 f e e t  t a l l .  
Seed l ing  h e i g h t  responded s t r o n g l y  t o  W and a g a i n  
t o  WBF i n  each of t h e  4 years  ( f i g .  1 ) .  Through 
t h e  f i r s t  4 years ,  t h e  g a i n  over  C due t o  W was 
s t i l l  i n c r e a s i n g ,  bu t  t h e  advantage of WBF over  W 
and MB was decreas ing ,  t h e  reward f o r  f e r t i l i z e r  



be ing  g r ea t e s t  i n  t h e  t h i r d  year .  This  sugges ts  
t h a t  a second a p p l i c a t i o n  of f e r t i l i z e r ,  i n  the  
s i x t h  o r  seventh year ,  might be worthwhile. 

Ta b l e  1.--Survival a f t e r  4  years  by c u l t u r e  and 
f u n g i c i d e  lev&/ 

Cul ture  l e v e l  
: qeeding, :  

Fungi-: : bedding, : $ungi- 
c l d e  : : Weeding,: f e r t i -  : c ide  

1eveL : Check: Weeding: bedding : l i z i n g  : mean 
---em- Tercent  of ~ l a n t e d  trees--------- 

Yes 95 9 7 99 6  97 b 

Cu l t=  r e  
mean 9 1 a  9 6 b  96 b  93 ab  

LI Means followed by the  same l e t t e r  w i th in  a  row 
o r  column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  
0.05 l eve l .  

T a b l e  2,--Mean he igh t  a f t e r  4  years  by c u l t u r e  
a n d  fungic ide  l e v e s l  

WBF 

Cul tu r e  l e v e l  
: Weeding,: 

FungF-: : bedding,:Fungi- 
c i d e  : : Veeding,: f e r t i -  :tide 
l e v e l  : Check: Weeding: bedding : l i z i n g  :mean 

---------------Feet-------------------- - 

Yes 5.3 10.6 10.4 12.8 9 . 8 a  

C u l t u r e  
mean 5.5 a  10.2 b  10,2 b  13.2 c  
- 
1/- Means followed by t he  same l e t t e r  wi th in  a  row 
o r  column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  
0.05 l e v e l .  

T a b l e  3.--Mean Eourth-year he igh t  growth of 
s u r v i v i n g  t r e e s  >4.5 f e e t  t a l l  by c u l t u r e  and 
f u n g i c i d e  l e v e f l  

Cu l t u r e  l e v e l  
: Weeding, : 
: bedding,:Fungi- 

: Weeding,: f e r t i -  : c ide  

----------------Feet-------------------- - 

I 2 3 4 
YEARS FROM SEED GERMINATION 

Figure  1.--Average t r e e  he ight  by year  i n  check, 
weeded, weeded-bedded, and weeded-bedded- 
f e r t i l i z e d  t rea tments  

The quad ra t i c  mean d.b.h. a t  age 4  was 0.7 
inch  i n  C ,  1.8 inches i n  W and WB, and 2.6 inches  
i n  WBF ( t a b l e  4 ) .  It was not a f f e c t e d  by 
fung i c ide ,  and t he  i n t e r a c t i o n  was not  s i g n i f f c a n t  
Fourth-year growth i n  d.b.h. was 
0.7 inch  i n  C and 1.1 inches  i n  c u l t i v a t e d  (W, 
WB, and WBF) p l o t s  ( t a b l e  5). 

Table 4.--Quadratic mean d.b.h. of su rv iv ing  
t r e e s  >4.5 f e e t  t a l l  a t  age 4 by c u l t u r e  and 
fung i c ide  leve&l 

Cul ture  l e v e l  
: Weeding,: 

Fungi- : : bedding,:Fungi- 
c i d e  : : Weeding,: f e r t i -  : c i de  
l e v e l  : Check: Weeding: bedding : l i z i n g  :mean 

Inches---------------------- 

Yes -65 1.94 1.87 2.50 1 . 7 4 a  
Yes 2.4 4.5 4 ,3 4 .7 4.0 b 

C u l t u r e  
mean 2 . 4 a  4 . 2 b  4 . 1 b  4 . 6 ~  

L/ Means followed by t he  same l e t t e r  w i th in  a row 
o r  column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  
0.05 l e v e l .  

Cul ture  
mean . 6 7 a  1 , 8 1 b  1 . 8 5 b  2 . 5 7 ~  

II' Wans followed by t h e  same l e t t e r  w i th in  a row 
o r  column are not s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
0*05  l e v e l .  



Table 5.--Fourth-year d.b.h. growth of surv iv ing  
t r e e s  >4.5 f e e t  t a l l  by c u l t u r e  and fungic ide  
L eve &I 

Cultrire level.  
:Weeding,: 

Fungi- : :bedding,:Fungi- 
c i d e  : :Weeding, :£err%- :tide 

---------------- Inches---------------- 

Yes .65 1.16 1.16 1.19 1.04 a 

Cu l t u r e  
mean .66 a  1.10 b  1.12 b  1.14 b  

1/ Means followed by t h e  same l e t t e r  w i th in  a 
row o r  column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  0.05 l eve l .  

Stemwood volume i n  t r e e s  >4,5 f e e t  t a l l  was 
20 f t 3 / a c r e  i n  C, and was increased  f i v e f o l d  by 
W and t en fo ld  by WBF ( t a b l e  6 ) ,  

Table 6.--Total stemwood volume per  a c r e  a t  age 4 
i n  t r e e s  >4,5 f e e t  t a l l  by c u l t u r e  and 
fung i c ide  leve&/ 

Cul ture  l e v e l  
: Weeding,: 

Fungi- : : bedding,:Fungi- 
c i d e  : : Weeding, : f e r t i -  : c ide  

------------ cubic fee&/--------------- 

Table 7.--Stem i n f e c t i o n  of fusiform r u s t  i n  
s l a s h  pine p l a n t a t i o n s  i n  the  f i r s t  year  by 
c u l t u r e  and fungic ide  l e v e l l /  

Cul ture  l e v e l  
: Weeding,: 

Fungi- : : bedding,:Pungi- 
c i d e  : : Veeding,: f e r t i -  : c ide  
l e v e l  : Check: Weeding: bedding : l i z i n g  :mean 

em--- -------- 

Yes 0.7 1 ,4  f .4 2.8 1 . 6 a  

Cu l tu r e  
mean 1 2 . 2 a  1 3 . 9 a  1 8 . 1 a  1 3 , 2 a  

L/ Means followed by t h e  same l e t t e r  wi th in  a  row 
o r  column a r e  not s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
0.05 l e v e l .  

Rust-associated m o r t a l i t y  through age 4 
showed a  s i g n i f i c a n t  fungic ide  x c u l t u r e  
i n t e r a c t i o n :  i n  pro tec ted  p l o t s ,  t he  percentage 
of t r e e s  dead and stem-galled was p r a c t i c a l l y  
zero  and was not  a f f e c t e d  by cu l t u r e ;  i n  
unpro tec ted  t rea tments ,  nea r l y  10 percent  of t h e  
t r e e s  i n  check and about 5 percent  of those i n  
a l l  o t h e r  c u l t u r e  l e v e l s  were dead with stem 
g a l l s  ( t a b l e  8). 

Table 8.--Rust-associated m o r t a l i t y  (dead t r e e s  
wi th  stem i n f e c t i o n s )  through t he  f i r s t  4 
yea r s  by c u l t u r e  and fungic ide  l e v e e 1  

Cul ture  l e v e l  
Yes 2 0  107 9  8 177 101 a  

Cu l t u r e  
mean 20 a  95 b 101 b  193 c  

L/ Means followed by t he  same l e t t e r  w i th in  a row 
o r  column a r e  not s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  
0.05 l e v e l ,  

2/ I n s i d e  bark,  inc lud ing  l e ade r ,  computed a s  V = 
0 . 0 2 4 0 8 ~ ~ ~ .  This  equa t ion  was ca l cu l a t ed  f o r  
s l a s h  p ine  by Schmitt and Bower (1970)- 

Fusiform Rust 

Host of t he  stem i n f e c t i o n s  occurred i n  t he  
f i r s t  year .  Only 15 percent  of t he se  f i r s t - yea r  
stem g a l l s  were from i n f e c t i o n s  t h a t  o r i g ina t ed  
i n  branches and then grew i n t o  t he  stem, Trees 
p ro t e c t ed  with fungic ide  developed s i g n i f i -  
c a n t l y  fewer stem g a l l s  than unprotected t r e e s :  
1.6 percent  versus  27 percent  ( t a b l e  7). The 
i n t e r a c t i o n  was not s i g n i f i c a n t .  Rust inc i -  
dence was not  a f f e c t e d  by c u l t u r e  i n  t he  f i r s t  
year  a 

: Weeding,: 
Fungi- : : bedding,:Fungi- 
c i d e  : : Weeding,: f e r t i -  : c ide  
l e v e l  : Check: Weeding: bedding : l i z i n g  :mean ------ Percent  of p lan ted  trees--------- 

Yes 0  a 0 . 7 a  0  a  0 a  - 
Cul ture  
mean - - - - 

/ Means followed by t h e  same l e t t e r  wi th in  a  row 
o r  column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
0.05 l e v e l .  The fungic ide  x c u l t u r e  i n t e r a c t i o n  
Ps s i g n i f i c a n t ,  

A f t e r  4  years ,  about 93 percent  of the  t r e e s  
p lan ted  i n  fungicide-protected p l o t s  were a l i v e  
and had no stem i n f e c t i o n s  ( t a b l e  9) .  h o n g  
unprotected t r e e s ,  16 percent  of those  i n  t h e  
check and only 54 percent  i n  t h e  o the r  c u l t u r e  
l e v e l s  were a l i v e  and f r e e  of stem g a l l s .  



Table  9.--Trees l i v i n g  and f r e e  of stem infec-  
t i o a  a f t e r  4 years  by c u l t u r e  and fungic ide  
l e v e l l /  

C u l t u r e  l e v e l  
:Weeding,: 

Fungi-- : :bedding,:Fungi- 
c i d e  : : Weeding, : f e r t  i- : c i d e  

l e v e l  : Check: Weeding: bedding : l i z i n g  : mean ------- Percen t  of p lan ted  trees---------- 

Yes 95.1 a  92.4 a  93.7 a  89.6 a  - 

C u l t u r e  
mean - - - - 

i/ Means followed by t h e  same l e t t e r  w i t h i n  a  
row o r  column a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  0.05 l e v e l .  The fungic ide  x c u l t u r e  
i n t e r a c t i o n  i s  s i g n i f i c a n t .  

F o r t y - t h r e e  percen t  of t h e  t r e e s  i n  unpro- 
t e c t e d  check p l o t s  were a l i v e  and had one o r  
more Eus i form r u s t  i n f e c t i o n s  i n  e i t h e r  stem o r  
b r a n c h ,  compared t o  70 percen t  i n  o t h e r  c u l t u r e  
l e v e l s  ( t a b l e  10) .  I n  p r o t e c t e d  t r e a t m e n t s ,  
l e s s  t h a n  1 percen t  of t h e  t r e e s  i n  check p l o t s  
were F n f e c t e d ,  while  1 8  percen t  of t h e  t r e e s  i n  
W and WB p l o t s  and 27 percen t  of those  i n  WBF 
p l o t s  were in fec ted .  

Table  10.--Living t r e e s  i n f e c t e d  i n  stem o r  
b r a n c h  a f t e r  4  y e a r s  by c u l t u r e  and f u n g i c i d e  
l e v e  711 

C u l t u r e  l e v e l  
:Weeding,: 

Fungi- : :bedding,:Pungi- 
c i d e  : : Weeding,: f e r t i -  : c i d e  

l e v e l  :: Check: Meeding: bedding : l i z i n g  : mean ------- P e r c e n t  of ~ l a n t e d  trees---------- 

Yes 0.7 a 17.4 b 18,7 b 27.1 c  - 

C u l t u r e  
mean - - - - 

I! Means followed by t h e  same l e t t e r  w i t h i n  a  
row OP column a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  t h e  0.05 l e v e l .  The f u n g i c i d e  x c u l t u r e  
i n t e r a c t i o n  is s i g n i f i c a n t .  

B f  SCUSSION 

T h e  f u n g i c i d e  x c u l t u r e  i n t e r a c t i o n  was 
n o t  s i g n i f i c a n t  i n  any of t h e  a n a l y s e s  of sur- 
v i v a l  o r  growth. 

The f a c t  t h a t  f e r t i l i z e r  s i g n i f i c a n t l y  
increased  mean t r e e  h e i g h t  i n  t h e  f i r s t  growing 
season a t t e s t s  t o  t h e  thoroughness of t h e  
weeding. 

Bedding had no e f f e c t ,  o t h e r  than a s  a  
method of d i s k i n g ,  on s u r v i v a l  o r  growth. 
Although t h e  s l o p e  of the  land was v e r y  s l i g h t ,  
water  d i d  not remain ponded on t h e  s u r f a c e ;  
hence, d ra inage  apparen t ly  was of no va lue .  
Bedding a l s o  had no e f f e c t  on f i r s t - y e a r  s tem 
i n f e c t i o n ,  on rus t -assoc ia ted  m o r t a l i t y  through 
t h e  f i r s t  4 y e a r s ,  o r  on percentage of i n f e c t e d  
t r e e s  a t  age 4 .  

I n  t h e  c u l t i v a t e d  ( W ,  WI), and WBF) p l o t s  
a f t e r  4 y e a r s ,  a11 t h e  p ines  were i n  t h e  2-inch 
d.b.h. c l a s s  and l a r g e r ,  t h e  per iod  of h i g h e s t  
m o r t a l i t y  was p a s t ,  t h e  r i s k  of r e g e n e r a t i o n  
f a i l u r e  could be d i scounted ,  and expected 
l o s s e s  from fus i form r u s t  could be a s s e s s e d ,  

The I.TBF p l o t s  wi th  fungic ide  p r o t e c t i o n  
were f a r  a long  toward becoming s tands  of 
sawtimber n e a r l y  f r e e  of stem g a l l s .  The  100 
t a l l e s t  t r e e s  per  a c r e  i n  t h e  WBF t rea tment  
averaged 16 f e e t  t a l l ,  and 90 percent  of t h e  
p r o t e c t e d  t r e e s  had no stem i n f e c t i o n s .  They 
had formed bark  over a 16-foot b u t t  log .  
[Table 1 of Mesavage and Gi ra rd  (1946) i n d i c a -  
t e s  t h a t  58 percen t  of t h e  board-foot volume of 
a  2-log t r e e  i s  i n  t h e  f i r s t  16-foot log . ]  

I n  t h e  W and 'XI3 p l o t s ,  t h e  100 t a l l e s t  
t r e e s  per  a c r e  averaged 12.8 f e e t  t a l l .  They 
a r e  v i r t u a l l y  assured  of 12-foot b u t t  l o g s ,  and 
where p r o t e c t e d  by f u n g i c i d e ,  93 percen t  of 
them w i l l  be f r e e  of stem g a l l s .  However, i f  
t h e  l a n d o m e r  i n  t h i s  case  were prepared t o  do 
thorough, repea ted  weeding, he may a s  w e l l  
app ly  f e r t i l i z e r  a l s o ,  i f  t h e  s o i l  i s  one on 
which a s t r o n g  response t o  f e r t i l i z e r  can be 
expected.  Weeding i s  expensive,  and f e r -  
t i l i z i n g  is cheap, I f  fungic ide  p r o t e c t i o n  is 
no t  employed, weeding probably w i l l  i n c r e a s e  
inc idence  of stem r u s t ,  but  f e r t i l i z e r  probably 
w i l l  no t  i n c r e a s e  i t  f u r t h e r ,  

Through t h e  f i r s t  3 years ,  t h e  anount of 
f u n g i c i d e  requ i red  f o r  each spray ing  i n c r e a s e d  
a s  t h e  t r e e s  grew Larger. At t h e  beginning of 
t h e  t h i r d  year ,  t h e  t r e e s  i n  a l l  t r e a t m e n t s  
excep t  C were t h r e e  times a s  t a l l  a s  they  were 
a t  t h e  beginning of t h e  second year .  The 
amount of fungic ide  sprayed i n  t h e  t h i r d  y e a r  
was s u b s t a n t i a l  and may appear  excess ive  
because only 1.4 percen t  of t h e  unpro tec ted  
t r e e s  incur red  stem i n f e c t i o n s  i n  t h e  t h i r d  
year .  However, t h e  p o t e n t i a l  f o r  i n f e c t i o n  was 
high;  35 percen t  of t h e  unprotected t r e e s  i n  
t h e  W,  WB, and ' i F  t rea tments  had branch in fec-  
t i o n s  i n  th i rd -year  t i s s u e ,  compared t o  5.8 
percen t  of the  p r o t e c t e d  t r e e s .  Many of t h e s e  
th i rd-year  branch i n f e c t i o n s  w i l l  grow i n t o  t h e  
stem, 



Landomers  accustomed t o  p l a n t i n g  400 t o  
500 t r e e s  per  a c r e  may regard  t h e  908 p e r  a c r e  
(6  x 8 f o o t  spac ing)  i n  t h e s e  p l a n t a t i o n s  a s  
e x c e s s i v e *  However, i n  l o c a l i t i e s  where f u s i -  
form r u s t  inc idence  is f r e q u e n t l y  high--and 
when t h e  s o i l  is s t i r r e d ,  bedded, and ditched-- 
and fol lowup unders to ry  c o n t r o l  is planned, 
i n c r e a s e d  r u s t  inc idence  must be expected.  
Moderately dense i n i t i a l  s t a n d s  a r e  d e s i r a b l e  
because ntany stems w i l l  be l o s t  t o  d i s e a s e  i f  
f u n g i c i d a l  chemicals  a r e  not employed. 
I n f e c t i o n s  i n  dense s t a n d s  tend t o  form branch 
g a l l s ,  r a t h e r  than  stem g a l l s ;  t h e  i n f e c t e d  
branches d i e  very e a r l y ;  and t h e  branch g a l l s  
d i e  b e f o r e  t h e  fungus reaches  t h e  stems 
(Czabator  1971). I f  a n  e f f e c t i v e  sys temic  
f u n g i c i d e  is used, and i f  thorough weeding is 
planned,  t h e  i n i t i a l  spac ing  may be widened t o  
7 x 1 0  o r  8 x 10 f e e t  (622 t o  544 t r e e s  per  
a c r e ) .  

I n  t h i s  s tudy ,  canopy c l o s u r e  occurred 
b e f o r e  t h e  end of t h e  f o u r t h  growing season i n  
W ,  WB, and WBF p l o t s  and no unders to ry  e x i s t e d ,  
The heavy l i t t e r  w i l l  i n h i b i t  formation of her- 

baceous unders to ry ,  even i f  no f u r t h e r  weeding 
i s  done, Trees  i n  t h e  MBF p l o t s  a r e  l a r g e  
enough t o  wi ths tand  a l o w i n t e n s i t y  p rescr ibed  
burn. Although t h i s  s tudy  does not inc lude  
burning,  most landowners probably would burn. 
I n  t h e  p r o t e c t e d  p l o t s ,  t h e  abundance of l a r g e  
t r e e s  f r e e  of stem g a l l s  makes t h e s e  s t a n d s  
very  a t t r a c t i v e  t o  m n a g e  f o r  sawtimber, 
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SOIL COWACTIOK FROM TUCKED AMD RUBBER-TIRED mCTORS 

1 i AND ITS INFLC'ENCE ON SEEDLING SURVIVAL PJTD G R O m e  

2 i R. E. Kreh, 3. A. Burger, and J .  L .  Torbert- 

Abstract.--The e f f e c t  of m u l t i p l e  p a s s e s  of t racked  and 
rubber - t i red  h a r v e s t i n g  and s i t e  p r e p a r a t i o n  equipment, op- 
e r a t i n g  under known s o i l  mois tu re  c o n d i t i o n s ,  on t r e e  s u r v i -  
v a l  and growth a f t e r  two growing seasons  was eva lua ted .  A 
s k i d d e r  and c rawler  compacted t h e  s o i l  t o  t h e  same e x t e n t  
d e s p i t e  d i f f e r e n c e s  i n  c o n t a c t  p r e s s u r e .  The number of 
p a s s e s  over  t h e  same a r e a  d i d  n o t  a f f e c t  s u r v i v a l ,  b u t  volume 
was reduced by 34% a f t e r  one p a s s  and 54% a f t e r  n i n e  passes .  
Higher s o i l  mois tu re  r e s u l t e d  i n  h igher  compaction, b u t  growth 
was n o t  s i g n i f i c a n t l y  a f f e c t e d .  

INTRODUCTION 

Harves t ing  and s i t e  prepara t ion  a r e  
o p e r a t i o n s  t h a t  can adversely a f f e c t  s o i l  
s t r u c t u r e ,  dens i ty ,  and po ros i ty  and subsequent 
r e f o r e s t a t i o n  success.  The d i v e r s i t y  of 
equipment,  s o i l  types ,  and the  dynamic na tu re  of 
s o i l s ,  e spec i a l l y  s o i l  water movement, can 
r e s u l t  i n  a v a r i e t y  of s o i l  and t r e e  growth 
r e sponses  t o  s o i l  compaction. Fores t  s o i l s  with 
a s h a l l o w  l i t t e r  l aye r ,  low amount of organic 
mat ter  i n  t h e  mineral  s o i l ,  and a moisture 
c o n t e n t  around f i e l d  capaci ty  a r e  most 
s u s c e p t i b l e  t o  compactive forces ,  The r e s u l t  of 
t h i s  f o r c e  can be s u b s t a n t i a l  even a f t e r  one 
t r i p  o v e r  an a r ea ,  F o i l  and Ralston (19671, 
M i t c h e l l  (1979) and Lockaby and Vidrine (1984) 
r e p o r t e d  reductions i n  l o b l o l l y  p ine  growth a s  
compaction l eve l s  i creased ,  A c r i t i c a l  bulk 9 d e n s i t y  of 1.49 g/cm was i d e n t i f i e d  by F o i l  and 
R a l s t o h  (1967) above which growth was reduced. 
Zisa e t  a l .  (1380) showed t h a t  bulk d e n s i t i e s  
above 1,2 g/cm i n  a s i l t  loam s o i l  g r e a t l y  
r e s t r i c t e d  depth of root  pene t r a t i on  of Austr ian 
pine.  

1/ Paper p resen ted  a t  Southern ~ i l v i c u l t u r a l  
& s e a r c h  Conference, A t l a n t a ,  Georgia ,  November 
7-8, 1 

z y 4 ~ e s e a r c h  A s s o c i a t e ,  A s s i s t a n t  P r o f e s s o r ,  
and R e s e a r c h  A s s i s t a n t ,  r e s p e c t i v e l y ,  Department 
o f  F o r e s t r y ,  V i r g i n i a  Po ly technic  I n s t i t u t e  and 
S t a t e  U n i v e r s i t y ,  Blacksburg, VA 24061. 

The increase  i n  bulk dens i ty  from 
compactive forces  i s  mainly a r e s u l t  of 
co l laps ing  l a rge  pore spaces. A s  t he  percentage 
of pores g r e a t e r  than 0.002 i n  i n  diameter  
( ae ra t ion  po ros i ty )  i s  reduced, water  and gas  
movement a r e  slowed. Chancellor (1977) found 
that3a bulk dens i ty  increase from 1.2 t o  1.5 
g/cm caused a 40-fold decrease i n  i n f i l t a t i o n  
r a t e ,  Once absorbed, water is held a t  h igher  
tens ions  i n  compacted s o i l s  with small  pores 
causing t r e e s  t o  experience s t r e s s  a t  an  e a r l i e r  
poin t .  

The ob jec t ive  of t h i s  study was t o  
determine the  e f f e c t  of mul t ip le  passes  of  
t racked and rubber-t ired harvest ing and s i t e  
prepara t ion  equipment, operat ing under known 
s o i l  moisture condi t ions ,  on t r e e  s u r v i v a l  and 
growth a f t e r  two growing seasons. 

SITE DESCRIPTION 

A 3,5 a c r e  fores ted  a r ea  located on t h e  
Reynolds Homestead Research Center i n  P a t r i c k  
County, Virg in ia ,  was c l ea rcu t  and used f o r  t h e  
study. The 30-year-old f o r e s t  s tand  cons is ted  
of 95% Virg in ia  pine ( Pinus v i m i n i a n a   ill,), 
with mixed hardwood species  making up t h e  

inder ,  Stocking was 949 t r e e s l a c r e  with an 
average DBH of 5.3 i n  f o r  a basa l  a r ea  of 110 f t 2  
/acre ,  The f o r e s t  f l oo r  (01 and 02 hor izons)  
was measured a t  169 randomly se lec ted  sampling 
poin ts .  The average depth and dry weight were 
1.30 i n  and 0.67 l b / f t 2 ,  respect ive ly ,  

The predominant s o i l  s e r i e s  was Cec i l  which 
i s  a member of t he  clayey,  k a o l i n i t i c ,  thermic,  
Typic Hapludult family,  Associated s o i l  s e r i e s  
i n  t h e  a r ea  a r e  Hayesvil le ,  Hiwassee, and 



h d i s o n ,  The s o i l  t e x t u r a l  c l a s s  i s  a  sandy 
c l a y  loam wi th  a moderately eroded su r f ace ,  

A, 590 x 350 f t  r e c t angu l a r  s tudy  a r e a  was 
surveyed. Three veh i c l e  c o r r  i do r s  were loca ted  
on e i t h e r  s i d e  and b i s ec t ed  t h e  p l o t  through i t s  
longest  dimension. The c o r r i d o r s  provided 
harves t ing  and study-area access  t o  t h e  two 590 
x 100 ft subplafs .  A l l  t r e e s  wi th  a  b r ea s t  
he igh t  g r e a t e r  than 1 inch were f e l l e d ,  A l l  
above ground vege t a t i on  was then renrotely 
skidded o r  hand c a r r i e d  from t h e  p l o t s  t o  avoid 
s o i l  e m p a c t  ion from harves t ing  equipment. 

Seedling s u r v i v a l  and growth a s  a f f e c t e d  by 
two machine types  ( rubber - t i red  sk idder  and 
c rawler )  making m u l t i p l e  passes  ( 0 ,  1, 3 ,  and 9 
passes )  on s o i l  ad ju s t ed  t o  two s o i l  mois ture  
c on t e n t s  (18 and 212 by weight ) ,  were evaluated.  
The two 590 x  100 f t  main p l o t s  were i r r i g a t e d  
wi th  8016 and 12,042 f t so f  water  pumped from a  
nearby stream t o  r a i s e  t h e  moisture conten t  of 
t h e  su r f ace  s o i l  from an average of 12% by 
weight t o  18% and 212, r e spec t i ve ly .  The 
i r r i g a t i o n  water ,  added over  a  24-hour per iod ,  
s imulated r a i n f a l l s  of 0.9 and 1.3 i n .  

A John Deere model 540B log sk idder  and a  
Rornatsu model D53A crawler  wi th  g r a v i t a t i o n a l  
loads of  16,814 and 32,767 Ib ,  r e spec t i ve ly ,  
were used ,  The sk idder  was f i t t e d  w i th  23.1 - 
26 t i r e s  i n f l a t e d  a t  20 p s i .  The mean ground 
p r e s su re s  f o r  t h e  sk idder  and c rawler  were 33.3 
and 8.7 p s i ,  r e spec t i ve ly .  Each machine, d r i ven  
unloaded a t  a  cons tan t  speed of  2  mi/h, was used 
t o  make t r a c k s  cons i s t i ng  of  0 ,  1, 3 ,  o r  9 
consecut ive  passes  wi th  0  passes  se rv ing  a s  t h e  
c on t ro l .  Tracks formed by veh i c l e  t r a f f i c  were 
100 f t  long wi th  an 8.2 f t  spacing between 
t r a c k s ,  

The experimental  des ign  was a  s p l i t - s p l i t  
p l o t .  The machine-type t imes number-of-passes 
combinations were subp lo t s  wi th in  mois ture  main 
p l o t s .  The experiment was r e p l i c a t e d  t h r e e  
t irnes . The experimental  u n i t  f o r  s o i l  
p r o p e r t i e s  cons i s t ed  of an average va lue  of 
t h r e e  s o i l  samples taken  s y s t w t i c a l l y  a t  20 f t  
i n t e r v a l s  from one of t h e  two 100 f t  * t racks  
forrned by t h e  passage of  t h e  machines. At each 
sampling l oca t i on ,  a  co r e  sampler was used t o  
ob t a in  an 8 .4 in3und i s t u rbed  s o i l  co r e  from t h e  
s o i l  su r f ace ,  

I n  t h e  l abo ra to ry ,  a  t en s ion  t a b l e  was used 
t o  de t e rn ine  noncap i l l a ry  po ros i t y  by evacuat ing 
so i l r a ac ropo re s .  A 19.7 i n c h w a t e r  columnwas 
used t o  c r e a t e  t h e  tens ion .  Bulk dens i t y  was 
d e t e m i n e d  by drying t h e  s o i l  samples t o  a  
cons tan t  weight i n  a  105 G oven. 

Nursery run l o b f o l l y  p ine ,  were p lan ted  i n  
t h e  sp r i ng ,  6 mo a f t e r  t h e  s o i l  compaction 
occurred.  One t r a c k  of e a c h s o i l  t reatment  
combination was hand p lanred  and i t s  conrpaaion 

t r a ck  was machine p lan ted  ( foo t  type wildland 
p l a n t e r )  on a  5  f t  spacing w i th in  rows. 
Surv iva l  and t r e e  he ight  and diameter  va lue s  
were based on a p p r o x i m t e l y  20 t r e e s  p lan ted  pe r  
veh i c l e  t r a c k  (experimental  u n i t ) ,  

RESULTS 

As bulk d e n s i t y  i s  increased and a e r a t i o n  
po ros i t y  decreased,  t r e e  volume is  decreased,  
The r e l a t i o n s h i p  between t he se  s o i l  p r o p e r t i e s  
and t r e e  volume, a s  measured on t h i s  s tudy  s i t e  
a f t e r  two growing seasons,  i s  depic ted  i n  F igu re  
1, Although h ighly  v a r i a b l e  due t o  heterogenous 
f i e l d  cond i t i ons ,  f unc t i ona l  r e l a t i o n s h i p s  a r e  
s i g n i f i c a n t  . 

0 
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Figure  1.--Relationship between t r e e  volume 
index and s o i l  bulk d e n s i t y  and po ros i t y .  

The two machines ( sk idder  and c r awle r )  
compacted t h e  s o i l  t o  t h e  same ex ten t  d e s p i t e  
d i f f e r e n c e s  i n  con t ac t  p r e s su re  (Table 1 1 ,  No 
i n t e r a c t i o n s  between machine type and number of  
passes  occurred. Both t h e  sk idder  and c r awle r  
had t h e  same e f f e c t  on bulk dens i t y  and a e r a t i o n  
po ros i t y  a t  a l l  mois ture  and pass  l eve l s .  

The number of  passes  s i g n i f i c a n t l y  a f f e c t e d  
s o i l  d e n s i t y  and a e r a t i o n  po ros i t y   able I) .  
A f t e r  n ine  passes  t h e r e  was a  13% inc r ea se  i n  
bulk dens i t y  and a  37% decrease  i n  a e r a t i o n  
po ros i t y .  The number of passes  d i d  not  a f f e c t  
su rv iva l ,  bu t  volume index was reduced by 34% 
a f t e r  one pass and 54% a f t e r  n ine  passes.  



Table 1.--Effect of ?lachine Type, number of passes ,  moisture level and p l an t i ng  method on 
su r f ace  s o i l  bulk dens i t y ,  a e r a t i on  po ros i t y  and second year  su rv iva l  and growt5 of 
l o b l o l l y  p ine  on a c l e a r c u t  f o r e s t  site. 

S o i l  Tree 
Treatment Bulk Aerat ion Surv iva l  Volume 

Density Porosity Index 

ig/cm31 ( X  j iX> (su. in) 
Machine Type 

Skidder 1.37 a* 18 a 50 a 12.7 a 
Crawler 1.36 a 1 9 2  52 a 11.9 a 

Number of Passes 
0 1.27 a 24 a 50 a 18.3 a 
1 1.35 b 20 b 54 a 12.5 b 
3 1.42 b c 16 c 48  a  9,9 t\ 
9 1.43 c 15 c 52 a 8.4 b 

Moisture Level 
18% 1.35 a 20 a 48 a 11.1 a 
21% 1.38 b 17 b 54 b 13.5 b 

Plan t i ng  Method 
Band N A HA 58 a 13.7 a 
Machine Nh N A 44 b 10.9 b 

* Values followed by d i f f e r e n t  l e t t e r s  i n  any column a r e  d i f f e r e n t  a t  t he  0.05 l e v e l .  

T h e  higher moisture l eve l  (21%) a t  time of 
compactrLon r e su l t ed  i n  a g r e a t e r  increase  i n  
bulk d e n s i t y  and decrease i n  ae ra t ion  poros i ty  
than t h e  lower moisture l e v e l  (18%). However, 
s u r v i v a l  and volume index were g r e a t e r  on p l o t s  
compacted a t  t h e  h igher  moisture leve l .  The 
s i t e  t h a t  was i r r i g a t e d  t o  t h e  higher moisture 
l e v e l  is s l i g h t l y  downslope from the  d r i e r  s i t e  
and may have provided b e t t e r  growing condi t ions ,  

Hand planted seedl ings  had 25 per cent  
higher s u r v i v a l  and 26 per cent  more volume than 
machine planted t r e e s .  (Table 1). 

DISCUSSION 

T h e  sur face  s o i l  on t h i s  Piedmont s i t e  was 
a l r e a dy  r e l a t i v e l y  dense ( 1 . 2 7  g /cm3)  before any 
t r e a t m e n t s  were imposed. One pass s i g n i f i c a n t l y  
reduced t r e e  volume and t h r e e  passes r a i s ed  
su r f ace  s o i l  bulk dens i ty  above 1.4 g/cn?, a  
value t h a t  g r e a t l y  reduced root  and top  growth 
of A u s t r i a n  pine ( ~ i s a  e t  a l .  1980) growing i n  
s o i l s  o f  s imi l a r  t ex tu re .  Surface-soil  a e ra t i on  
p o r o s i t y  was a t  a  reasonable l eve l  (24%) before 
t r e a t m e n t s  were appl ied ,  but by the  n in th  pass 
i t  had been reduced t o  15Z which g r e a t l y  
r e s t r i c t s  water i n f i l t r a t i o n  and gas exchange, 

I f  only one pass by e i t h e r  type of machine 
r e s u l t s  i n  a 32% reduct ion  i n  t r e e  volume, l a rge  
r e d u c t i o n s  on a s tand  b a s i s  could r e s u l t  i f  a  
la rge  enough a r e a  i s  covered. Equipment t h a t  i s  
f a s t ,  maneuverable, capable of operat ing on wet 
s o i l  a n d  s t eep  s lopes  w i l l  tend t o  cover more 
la.nd a r e  a .  Coverage a l s o  tends  t o  increase  a s  
t h e  s l o p  e percent  decreases.  Estimates range 

from 10 t o  50 percent  coverage by a t  l e a s t  one 
pass of harves t ing  equipment. (Hatchel l  e t  a l ,  
1970, Campbell e t  a1. 1973, Froehlich 1976 and 
Switzer  e t  a l , ,  1979). 

S i t e  prepara t ion  opera t ions  can a l s o  
con t r ibu t e  t o  t he  a r ea  compacted. Shearing,  
raking,  and chopping r equ i r e  machinery t o  pass  
over a l a rge  por t ion  of a  s i t e  a t  l e a s t  once. 

The e f f e c t  of s o i l  moisture l e v e l  a t  t h e  
time treatments were applied was not  de tec ted  
because d i f ferences  i n  s i t e  qua l i t y  confounded 
the  responses. In  addi t ion ,  t he  i r r i g a t i o n  d id  
not achieve t h e  range i n  s o i l  moisture t h a t  was 
intended. However, t he  3% dif ference  was enough 
t o  cause s i g n i f i c a n t l y  higher compact ion and 
reduct  ion i n  a e r a t i o n  poros i ty ,  thus showing the  
importance of s o i l  moisture content .  

Extensive t r a f f i c  on inherent ly  dense s o i l s ,  
n on t h e  eroded Piedmont P la teau ,  could 

reduce y i e  Ids ,  Consequences of s o i l  compact ion 
a t  t h e  end of t h e  r o t a t i o n  are  not  well 
documented, I n  one study Perry (1964) showed 
t h a t  t he  growth of 26-year-old Loblollg pine 
growing on compacted s o i l s  was reduced by 52%.  
I f  t h e  32X reduction i n  volume p e r s i s t s  over a 
pulpwood ro t a t i on ,  a p o t e n t i a l  y i e ld  of 30 
cords lacre  would be cu t  by 10 cards .  

Despite t h e  g r e a t e r  contac t  pressure  of  t h e  
sk idder ,  changes i n  s o i l  dens i ty  and 
a e r a t i o n  poros i ty  caused by t h e  machines 
were t h e  same. 



S o i l  d ens i t y  inceased and a e r a t i o n  p o r o s i t y  
decreased a f t e r  on ly  one pass and changed 
a t  a  decreasing r a t e  wi th  duccessive 
paoses,  

S o i l  c o~ lpac t i on  had no s i g n i f i c a n t  e f f e c t  on 
s u r v i v a l  of p lan ted  seedl ings .  

Bulk d e n s i t y  and a e r a t i o a  p o r o s i t y  bo th  
s i g n i f i c a n t l y  a f f e c t e d  t r e e  growth a t  age 
two, Wowever, a e r a t i o n  po ros i t y  appears  t o  
have the g r e a t e r  e f f e c t ,  

Higher bulk dens i t y  and lower a e r a t i o n  p o r o s i t y  
occurred a t  t h e  h ighe r  l e v e l  of s o i l  
mois ture ;  however, t h e  changes r e s u l t i n g  
from only  a  3% d i f f e r e n c e  i n  s o i l  mois ture  
d id  no t  a f f e c t  t r e e  growth. 

Rand p lan ted  s eed l i ngs  survived and grew b e t t e r  
t han  machine p l an t ed  seedl ings .  Therefore ,  
t h e r e  i s  no evidence t o  suggest  t h a t  t h e  
machine p l a n t e r  b e n e f i t s  seed l ings  by 
s h a t t e r i n g  compacted s o i l s .  
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GEOPlORPHIC FACTORS ASSOCIATED WITH QUALIE OF 

YELLOW-POPLAR SITES I N  THE SOUTHERV APPAMCHI~&' 

3 '  
W. Henry ~ c ~ a b t - '  

Abstract . - -This  s tudy  determined t h e  r e l a t i o n s h i p  of 
yellow-poplar s i t e  index t o  topographic v a r i a b l e s  a s  a 
p r e r e q u i s i t e  t o  t h e  development of a landform c l a s s i f i c a -  
t i o n  system f o r  t h e  Southern Appalachians. Data from 140 
permanent p l o t s  from n o r t h e a s t  Georgia t o  c e n t r a l  V i r g i n i a  
were used. Stand age and t h r e e  topographic var iab les - -  
landform s u r f a c e  shape,  s l o p e  a s p e c t ,  and s l o p e  gradient--  
were s i g n i f i c a n t l y  r e l a t e d  t o  yellow-poplar t r e e  h e i g h t  a t  
age 50 and accounted f o r  70 percen t  of t h e  v a r i a t i o n .  A f t e r  
account ing  f o r  a g e ,  yellow-poplar he igh t  was most respons ive  
t o  p l o t  s u r f a c e  shape,  which r e s u l t e d  i n  up t o  a  20 p o i n t  
change i n  s i t e  index.  

INTRODUCTION 

S i t e  index i s  probably t h e  m o s m i d e l y  used 
and b e s t  measure of f o r e s t  s i t e  p r o d u c t i v i t y .  
Where s u i t a b l e  sample t r e e s  a r e  not  a v a i l a b l e ,  
s i t e  i n d e x  must be e s t i m a t e d  by u s i n g  s o i l - s i t e  
r e l a t i o n s h i p s .  Prev ious  s o i l - s i t e  s t u d i e s  of 

not  found t o  be s i g n i f i c a n t  (Munn and Bimmerstedt 
1980).  Of a l l  t h e  topographic v a r i a b l e s  u s u a l l y  
included i n  s i te  index  s t u d i e s ,  landform shape 
has rece ived  l e a s t  a t t e n t i o n .  

S i t e  index e s t i m a t e s  f o r  yel low-poplar  based 
on ly  on topographic v a r i a b l e s  seem t o  be  f e a s i b l e  

ye l low-popla r  (Lir iodendron t u l i p i f  e r a  L . ) have i n  t h e  Appalachian Mountains because many s o i l  
shown t h a t  much of t h e  v a r i a t i o n  i n  h e i g h t  growth c h a r a c t e r i s t i c s  a r e  c l o s e l y  r e l a t e d  t o  topography. - - 
may be e x p l a i n e d  by s o i l  and topographic  v a r i a b l e s  For example, d e p t h  of t h e  s o i l  Al hor izon  may be 
t h a t  a r e  r e l a t e d  t o  t h e  s o i l  mois tu re  regime c o r r e l a t e d  w i t h  s l o p e  p o s i t i o n  and land s u r f a c e  
d u r i n g  t h e  growing season  (Auten 1945,  Tryon e t  a l .  shape.  S u i t a b l e  e q u a t i o n s  a p p l i c a b l e  over  a wide 
1960, Del la -Bianca  and Olson 1961, P h i l l i p s  1966).  geographic a r e a  would be b e n e f i c i a l  f o r  b road ly  
For t h e  B l u e  Ridge Mountains o f  Georgia ,  Ike  and 
Huppuch C1968) r e p o r t e d  t h a t  71  p e r c e n t  of 
v a r i a t i o n  i n  t o t a l  h e i g h t  of yellow-poplar a t  50 
y e a r s  w a s  expla ined  by s o i l  s e r i e s  and topographi-  
c a l  v a r i a b l e s  i n c l u d i n g  e l e v a t i o n ,  s l o p e  p o s i t i o n ,  
and e x p o s u r e  of t h e  s i t e .  

Geomet r ic  shape of t h e  land s u r f a c e  i s  a  
t o p o g r a p h i c  v a r i a b l e  t h a t  accounts  f o r  concentra-  
t i o n  o r  d i l u t i o n  of s u r f a c e  wate r  and n u t r i e n t s ,  
but  w h i c h  has seldom been inc luded  i n  yellow-poplar 
s o i l  s i t e  s t u d i e s .  Sur face  shape was inc luded  i n  
one s t u d y  of y e 1  low-poplar s i t e  index  i n  t h e  g e n t l y  
r o l l i n g  topography  of s o u t h e a s t e r n  Ohio, bu t  was 
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e v a l u a t i n g  s i t e  p r o d u c t i v i t y  by remote s e n s i n g  
and f o r  cu tover  a r e a s  which l a c k  adequate s i t e  
t r e e s .  Also,  r e c e n t  i n t e r e s t  i n  land c l a s s i f i c a -  
t i o n  based on e c o l o g i c a l  p r i n c i p l e s  (Dr i s c o l l  
e t  a l .  1984) i n c r e a s e s  t h e  need f o r  topographic  
d e s c r i p t i o n s  of landforms w i t h  s i m i l a r  env i ron-  
mental  c h a r a c t e r i s t i c s .  

The o b j e c t i v e s  of t h e  s tudy were t o  
(1) determine methods t o  q u a l i t a t i v e l y  d e s c r i b e  
s u r f a c e  shape of landforms,  and ( 2 )  develop t h e  
r e l a t i o n s h i p  between topographic v a r i a b l e s  and 
s i t e  p r o d u c t i v i t y  f o r  yellow-poplar i n  t h e  
Southern Appalachian Mountains. 

F i e l d  P l o t s  

Long-term growth and y i e l d  plots f o r  
yellow-poplar (Beck and Della-Bianca 2972) were 
used i n  t h i s  s tudy .  P l o t s  had been i n s t a l l e d  
throughout t h e  Southern &palach ian  Mountains 



from n o r t h  Georgia  t o  c e n t r a l  V i r g i n i a  i n  
even-aged yellow-poplar s t a n d s  t h a t  showed no 
ev idence  of  r e c e n t  d i s t u r b a n c e  ( f i g ,  I ) ,  A wide 
range of  env i ronmenta l  c o n d i t i o n s  is r e p r e s e n t e d  
where yel low-poplar  may form almost pure s t a n d s .  
S i t e  index  curves  developed by Beck (1962) were 
used as a measure of p r o d u c t i v i t y  of  each  p l o t .  

F igure  1.--Location of sample p l o t s  i n  yellow- 
pop la r  s t a n d s  i n  t h e  Southern Appalachian 
Mountains. 

Topographic v a r i a b l e s  measured on each  p l o t  
d u r i n g  t h e  w i n t e r  and s p r i n g  of 1984 were: 

(1) Aspect (azimuth from n o r t h  i n  degrees )  

(2 )  Gradient  ( s l o p e  s t e e p n e s s  i n  d i r e c t i o n  
of  a s p e c t ,  i n  p e r c e n t )  

(3) Slope p o s i t i o n  ( d i s t a n c e  from r i d g e  t o  
s t ream bottom, i n  p e r c e n t )  

The s u r f a c e  shape of each  p l o t  was determined i n  
two d i r e c t i o n s ,  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  
a s p e c t ,  and c l a s s i f i e d  a s  convex, l i n e a r ,  o r  
concave. With t h e s e  t h r e e  geometr ic  shapes ,  t h e  
s u r f a c e  c o n f i g u r a t i o n  of each  p l o t  was desc r ibed  
by s t a n d a r d ,  r e c o g n i z a b l e  shapes  of landforms 
c o m o n  t o  mountainous t e r r a i n  ( f i g .  2 ) .  

Other  s i t e  v a r i a b l e s  were determined from 
USDI Geolog ica l  Survey topograph ic  quadrangle  
mags ( l :24,000 s c a l e ) :  

(1) E l e v a t i o n  ( n e a r e s t  20 f e e t )  

( 2 )  L a t i t u d e  and l o n g i t u d e  ( i n  degrees  and 
hundredths)  

U 
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Figure  2.--Geometric shapes  f o r  components of 
mountainous landforms.  

Annual t o t a l  s o l a r  r a d i a t i o n  f o r  each  p l o t  
was c a l c u l a t e d  from a s p e c t ,  g r a d i e n t ,  and l a t i -  
t u d e  by us ing  an a l g o r i t h m  developed by Swif t  
(1976). Hean age and h e i g h t  of t h e  yel low-poplar  
s t a n d  on each  p l o t  were ob ta ined  from b a s i c  f i e l d  
d a t a  when t h e  p l o t s  were o r i g i n a l l y  e s t a b l i s h e d .  

A t o t a l  of 140 114-acre p l o t s  was measured. 
Means and ranges  of  t h e  t imber  s t a n d  and s i t e  
c h a r a c t e r i s t i c s  f o r  a l l  p l o t s  a r e  shown i n  
t a b l e  I. S i t e  index  ranged from 74 t o  138 and 
c o v e r s  t h e  range of h igher  q u a l i t y  s i t e s  where 
e s s e n t i a l l y  pure s t a n d s  of yellow-poplar occur  
i n  t h e  Southern Appalachians.  Although t h e  topo- 
g r a p h i c a l  v a r i a b l e s  i n d i c a t e  a  wide range of 
v a l u e s ,  t h e  p l o t s  were o r i g i n a l l y  i n s t a l l e d  t o  
o b t a i n  a uniform d i s t r i b u t i o n  of s t a n d  a g e s ,  
s t o c k i n g s ,  and s i t e  indexes .  Consequent ly ,  topo- 
g r a p h i c a l  v a r i a b l e s  were n o t  uniformly r e p l i c a t e d  
over  a l l  s i t e s .  

Most of  t h e  p l o t s  were i n  t h e  i n t e r m e d i a t e  
q u a l i t y  c l a s s  which ranged from s i t e  index  LOO 
t o  120 ( f i g .  3).  S o i l s  were t y p i c a l l y  i n  t h e  
Tusquitee s e r i e s ,  which a r e  Umbric D y s t r o c h r e p t s  
t h a t  a r e  deep ,  w e l l  d r a i n e d ,  and formed i n  
col luvium o r i g i n a t i n g  from g r a n i t e  and metamorphic 
r o c k  i n c l u d i n g  s c h i s t  and g n e i s s .  



Table 3.--Mean and range of s t a n d  and s i t e  
c h a r a c t e r i s t i c s  of sampled yellow-poplar 
p l o t s  

The shape index,  which c o n s i s t s  of t h e  a l g e b r a i c  
sum of t h e  p a r a l l e l  and perpendicu la r  component 
codes,  can range f rom -2 t o  4-2, a s  shown i n  
t a b l e  2 .  

Item Mean Minimum Xaximum 

S i t e  Fmdex 
Age (y e a r s )  
t ~ e i g h t  ( f e e t )  
Shape index 
Aspect (azimuth) 
Grad ie  n t  (%) 
E l e v a t  ion  ( f e e t )  
Lat i t t r d e  (degrees)  

QUALITY CLASS 
/ INTER- / GOOD 

''OR ) MEDIATE , 

70 80 90 100 110 120 130 140 
SITE INDEX CLASS 

F i g u r e  3 . - -Dis t r ibu t ion  of  yellow-poplar sample 
p l o t s  by s i t e  index  and q u a l i t y  c l a s s .  

Data Analys i s  

P r i o r  t o  a n a l y s i s ,  e x t e n s i v e  p l o t t i n g  of 
t h e  f i e l d  d a t a  was done t o  determine which topo- 
g r a p h i c  v a r i a b l e s  showed a r e l a t i o n s h i p  t o  t r e e  
h e i g h t  and i f  d a t a  t r a n s f o r m a t i o n s  were necessary  
t o  a c c o u n t  f o r  n o n l i n e a r  e f f e c t s ,  P l o t  aspec t  
was t r a n s f o r m e d  by a procedure proposed by Stage 
(1976 3 .  

An index of s u r f a c e  shape was c a l c u l a t e d  f o r  
each p l o t  by a s s i g n i n g  code v a l u e s  t o  t h e  two 
s u r f a c e  shape de te rmina t ions :  

Shape Code 

Convex -1 

Table 2.--Shape index  developed from code values 
f o r  landform s u r f a c e  shape p a r a l l e l  and perpen- 
dicuLar t o  a s p e c t  

P a r a l l e l .  Perpendicu la r  shape 
shape Convex Linear  Concave 

Convex - 2 - 1 0 
Linear  -1 0 4-1 
Concave 0 4- 1 4-2 

Shape codes: 
Convex, -1; L i n e a r ,  0; Concave, + I .  

About 10 percen t  of t h e  f i e l d  d a t a  ( 1 4  p l o t s )  
were randomly s e l e c t e d  and excluded from t h e  d a t a  
s e t  t o  a l low f o r  t e s t i n g  t h e  p r e l i m i n a r y  r e g r e s s i o n  
r e l a t i o n s h i p s .  A f t e r  t e s t i n g ,  t h e  excluded d a t a  
were recombined w i t h  t h e  o t h e r  d a t a  f o r  d e r i v a t i o n  
of f i n a l  r e g r e s s i o n  c o e f f i c i e n t s .  The f i e l d  d a t a  
were analyzed w i t h  s tandard  c o r r e l a t i o n  and m u l t i -  
p l e  r e g r e s s i o n  a n a l y s i s  by t h e  fo l lowing  equa t ion :  

Tree h e i g h t  = bO + bl*age + b2X2 f...bnXn 

Stand mean h e i g h t ,  i n s t e a d  of p l o t  s i t e  index ,  was 
used a s  t h e  r e g r e s s i o n  dependent v a r i a b l e  t o  avoid 
problems a s s o c i a t e d  wi th  assuming t h a t  a s i n g l e  
s e t  of he igh t /age  curves  adequately d e s c r i b e s  t r e e  
he igh t  growth i n  response t o  changing envi ronmenta l  
c o n d i t i o n s  p r e s e n t  on v a r i o u s  s i t e s .  

RESULTS AED DISCUSSION 

Regression a n a l y s i s  i n d i c a t e d  t h a t  t o t a l  
he igh t  of yellow-poplar i s  a  f u n c t i o n  of s t a n d  age 
and topographic  v a r i a b l e s  a s  shown i n  t h e  f o l l o w i n g  
model : 

THt = 1/10.0047300 + (0.2036381AGE) 

where : 

THt = t o t a l  t r e e  he igh t  (feet) 

AGE = s t a n d  age (years )  

S&PI = s u r f a c e  shape index ( d i s c r e t e  v a l u e  
rang ing  from -2 f o r  s t r o n ~ l y  convex 
t o  +2 f o r  concave shape) 

ASP = p l o t  a s p e c t  from n o r t h  (degrees )  

L inear  0 GRAD = p l o t  s l o p e  grad ien t  (percen t  /100) 

Concave +I 



This  e q u a t i o n  has a  c o e f f i c i e n t  of m u l t i p l e  
c o r r e l a t i o n  (R2)  of 0.70, and s t a n d a r 2 . e r r o r  of 
t h e  man of 0.0011. S i t e  index may be p r e d i c t e d  
from t h e  model by ho ld ing  age c o n s t a n t  a t  50 y e a r s .  

A l l  of the independent v a r i a b l e s  i n  equa t ion  
[lj a r e  s i g n i f i c a n t  a t  t h e  0.10 l e v e l .  Fallowing 
age,  which was t h e  s i n g l e  most important  v a r i a b l e  
i n  t h e  model, s u r f a c e  shape index  accounted f o r  a 
l a r g e  p r o p o r t i o n  of  the v a r i a t i o n  i n  t r e e  h e i g h t .  
The t o t a l  v a r i a t i o n  expla ined  by i n c l u d i n g  succes-  
s i v e  independent  v a r i a b l e s  i n  t h e  model is: 

V a r i a b l e  R2 - 

AGE 0.639 

AGE + SWAP1 0.682 

AGE + SEAPI + ASP 0.694 

AGE + SHAPI + ASP + GRAD 0.702 

There was l i t t l e  c o r r e l a t i o n  among t h e  independent  
v a r i a b l e s .  The h i g h e s t  c o r r e l a t i o n  was between 
g r a d i e n t  and a s p e c t  ( r  = -0.24) . 

The accuracy of t h i s  e q u a t i o n  was eva lua ted  
by u s i n g  d a t a  from p l o t s  n o t  inc luded  i n  t h e  
a n a l y s i s .  Shown i n  f i g u r e  4 i s  a p l o t  of pre- 
d i c t e d  v e r s u s  observed s i t e  index f o r  t h e  14 t e s t  
p l o t s .  For most p r e d i c t i o n s ,  e s t i m a t e s  of s i t e  
index were w i t h i n  2 10 percen t  of t h a t  observed.  
There was a  tendency,  however, f o r  e s t i m a t e s  t o  
be overpred ic ted  a t  t h e  low range and under- 
p r e d i c t e d  f o r  h igher  v a l u e s  of s i t e  index.  
Es t imates  of s i t e  index f o r  o t h e r  p l o t s  no t  in -  
cluded i n  t h i s  random t e s t  sample could vary  
widely from a c t u a l  s i t e  index ,  e s p e c i a l l y  a t  t h e  
l i m i t s  of d a t a  used t o  develop t h e  model. 

A d d i t i o n a l  t e s t i n g  of t h i s  p r e d i c t i o n  e q u a t i o n  
is  d e s i r a b l e  before  a p p l i c a t i o n ,  a l though  accuracy 
appears  t o  be adequate f o r  i d e n t i f i c a t i o n  of poor ,  
i n t e r m e d i a t e ,  and good c l a s s e s  of s i t e s  w i t h i n  t h e  
h igher  q u a l i t y  s i t e s  i n  t h e  Southern Appalachians. 

Independent V a r i a b l e s  

The topographic v a r i a b l e s  i n  t h e  e q u a t i o n  a r e  
b i o l o g i c a l l y  important  i n  t h a t  each has an  i n f l u -  
ence on t h e  s o i l  mois tu re  r e l a t i o n s h i p  of t h e  s i t e .  
Since no t r a n s f o r m a t i o n s  were s i g n i f i c a n t  i n  t h e  
a n a l y s i s ,  t h e  e f f e c t  of each  v a r i a b l e  i n  t h e  model, 
w i t h  t h e  excep t ion  of a s p e c t ,  i s  l i n e a r .  S o i l -  
r e l a t e d  v a r i a b l e s  a r e  no t  cons idered  i n  t h i s  model, 
bu t  s o i f  c h a r a c t e r i s t i c s  a r e  a s s o c i a t e d  w i t h  
s e v e r a l  of t h e  topographic v a r i a b l e s  i n  t h e  model. 

Shape Index ( S W I )  

The e f f e c t  o f  shape index  on s i t e  q u a l i t y  is  
shorn i n  f i g u r e  5. Over t h e  range of s i t e s  
measured, s i t e  index increased  by more than  20 
p o i n t s  a s  s u r f a c e  shape index  changed from -2 on 
convex r i d g e t o p s  t o  +2 i n  concave coves. S i t e  

I/ , I t I I I I 
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Figure  4.--Observed and p r e d i c t e d  yellow-poplar 
s i t e  index  u s i n g  equa t ion  [ I ]  and d a t a  from 14 
p l o t s  n o t  inc luded  i n  o r i g i n a l  a n a l y s i s .  

SHAPE 
INDEX 

GRADIENT (PERCENT) 
Figure  5.--Relation of s i t e  index t o  g r a d i e n t  

and shape index  f o r  yellow-poplar i n  t h e  
Southern Appalachians. 



index  was more respons ive  ti, landform shape than  
any o t h e r  v a r i a b l e .  Surface shape has an impor- 
t a n t  e f f e c t  on t h e  s o i l  mois tu re  regime a s  move- 
ment s f  runoff  tends t o  be concent ra ted  by concave 
l a n d f o r m s .  During t h e  midgrowing season ,  t r e e s  on 
some s i t e s  may be under s t r e s s  a s  b r i e f  summer 
d r o u g h t s  reduce a v a i l a b l e  mois ture .  On concave 
l a n d f o r m s ,  increased  s o i l  mois tu re  would a l low 
c o n t i n u e d  he igh t  growth, r e s u l t i n g  i n  an i n c r e a s e  
of t h e  s i t e  index.  

Aspect (ASP) 

O t h e r  r e s e a r c h e r s  have found t h e  optimum 
a s p e c t  f o r  t r e e  growth i s  i n  t h e  n o r t h e a s t  quad- 
r a n t ,  u s u a l l y  between 45 and 58 degrees .  The 
a s p e c t  f o r  optimum h e i g h t  growth of yellow-poplar 
on t h e  s tudy p l o t s  was 6 degrees  t o  t h e  e a s t . '  
T h i s  s h i f t  then  p l a c e s  t h e  l e a s t  p roduc t ive  s i t e s  
a t  186 degrees ,  o r  s l i g h t l y  t o  t h e  southwest .  
The d a t a  show very  s l i g h t  changes i n  s i t e  q u a l i t y ,  
however ,  even w i t h i n  30 t o  40 degrees  of t h e  
d i r e c t i o n  of t h e o r e t i c a l  minimum and maximum 
h e i g h t  growth. For t h e  average s l o p e  g r a d i e n t  of 
t h i s  s t u d y  , about 30 p e r c e n t ,  s i t e  index  decreased  
o n l y  a b o u t  3 t o  4 p o i n t s  from t h e  b e s t  t o  t h e  
p o o r e s t  a s p e c t s  . 

011 s l o p i n g  landforms,  a s p e c t ,  a long  w i t h  
s l o p e  g r a d i e n t  and l a t i t u d e ,  a f f e c t s  s o l a r  
r a d i a t i o n  rece ived  by t h e  s i t e  and i n d i r e c t l y  
a £  f e c t s  s o i l  mois tu re  l o s s e s  r e s u l t i n g  from 
e v a p o r a t i o n  and t r a n s p i r a t i o n .  Throughout t h e  
growing season,  sou thern  exposures  r e c e i v e  t h e  
most s o l a r  r a d i a t i o n ,  whi le  n o r t h e r n  exposures  
r e c e i v e  the  l e a s t .  Eas t  and west a s p e c t s  r e c e i v e  
e q u a l  amounts of r a d i a t i o n ,  bu t  wes te rn  a s p e c t s  
tend t o  be more x e r i c  because of g r e a t e r  mois tu re  
l o s s e s  r e s u l t i n g  from h igher  a f te rnoon  
t e m p e r a t u r e s .  

Grad i e n  t (GRAD) 

The  e f f e c t  of s l o p e  g r a d i e n t  on s i t e  index  
is  s h o r n  i n  f i g u r e  6. S i t e s  w i t h  l i t t l e  g r a d i e n t  
a r e  c o m o n l y  a s s o c i a t e d  w i t h  s t ream bottoms, 
where p o o r  i n t e r n a l  s o i l  d r a i n a g e  reduces 
yel low-poplar  he igh t  growth, S i t e  index  i n c r e a s e s  
w i t h  s l o p e  g r a d i e n t  because,  f o r  one reason ,  s o i l s  
a r e  b e t t e r  d ra ined .  

Perhaps  t h e  main e f f e c t  of g r a d i e n t  on s i t e  
index  is t o  modify t h e  e f f e c t  of a s p e c t .  As 
g r a d i e n t  i n c r e a s e s  on n o r t h e r n  a s p e c t s ,  mean s i t e  
index  i n c r e a s e s  from 94 t o  110. On s o u t h e r l y  
a s p e c t s ,  however, s i te  index  i n c r e a s e s  only t o  
about 104 .  S o i l s  on s t e e p ,  sou th- fac ing  s l o p e s  
have h i g h e r  e v a p o r a t i o n  r a t e s  than  s o i l s  on 
s i m i l a r  n o r t h  s l o p e s  because t h e i r  ang le  t o  t h e  
sun is  more perpendicu la r  and a l lows  them t o  
r e c e i v e  a g r e a t e r  p r o p o r t i o n  of t o t a l  a v a i l a b l e  
r a d i a t i o n  per  u n i t  s u r f  ace a r e a .  

The e f f e c t  of g r a d i e n t  on s i t e  q u a l i t y  seems 
t o  be i n c o n s i s t e n t  among s p e c i e s  i n  mountainous 
t e r r a i n .  Ike  and Huppucb (1968) found t h a t  s i t e  

index of two s p e c i e s  was d i r e c t l y  c o r r e l a t e d  wi th  
g r a d i e n t ;  bu t  f o r  two o t h e r  s p e c i e s  i n  t h e  same 
geographical  a r e a ,  s i t e  index was i n v e r s e l y  
c o r r e l a t e d  w i t h  g r a d i e n t .  For yellow-poplar i n  
t h i s  s tudy ,  t h e  main s i g n i f i c a n c e  o f  g r a d i e n t  
s e e m  t o  be t h a t  i n c r e a s i n g  grad ien t  i n d i c a t e s  
well-drained s o i l s ,  which a r e  conducive t o  betrer 
he igh t  growth. Fur ther  s tudy i s  needed t o  de- 
termine i f  s i t e  index cont inues  t o  i n c r e a s e  af a 
l i n e a r  r a t e  over a  wide range of g r a d i e n t s .  

GRADIENT 
PERCENT 

ASPECT (DEGREES AZIMUTH) 

Figure 6.--Relation of s i t e  index t o  a s p e c t  and 
g r a d i e n t  f o r  yellow-poplar i n  t h e  Southern 
Appalachians. 

Nons ign i f ican t  V a r i a b l e s  

The e f f e c t  of two independent v a r i a b l e s ,  
e l e v a t i o n  and s l o p e  p o s i t i o n ,  was not  s i g n i f i -  
c a n t ,  and t h e i r  importance was unc lear  i n  t h i s  
s tudy .  However, t h e s e  v a r i a b l e s  have u s u a l l y  
been found s i g n i f i c a n t  i n  o t h e r  s t u d i e s  of s i t e  
index and topography. I n  s t u d i e s  where p l o t s  
were measured over  l a r g e  v e r t i c a l  d i s t a n c e s ,  
e l e v a t i o n  has been a  s i g n i f i c a n t  topographic  
v a r i a b l e ,  For exaap le ,  Lke and Huppuch (1968) 
r e p o r t e d  about a 6-point i n c r e a s e  i n  yellow- 
popla r  s i t e  index a s  e l e v a t i o n  increased  from 
2,000 t o  3,000 f e e t .  

Slope p o s i t i o n  has t y p i c a l l y  been important  
i n  every  s tudy  where i t  was included a s  an 
independent v a r i a b l e .  S i t e s  a t  lower s l o p e  
p o s i t i o n s  tend t o  have more favorab le  s o i l  



m o i s t u r e  regrimes t h a n  do upper s l o p e  p o s i t i o n s  
f o r  s e v e r a l  p o s s i b l e  r e a s o n s ,  i n c l u d i n g  deeper  
Al h o r i z o n s  r e s u l t i n g  from accumula t ion  of  
c o l l u v i a l  m a t e r i a l ,  s u b t e r r a n i a n  movement o f  
m o i s t u r e  downslope, and concarre s u r f a c e  shapes .  
These f a v o r a b l e  c o n d i t i o n s  d e c r e a s e  f o r  ups lope  
p o s i t i o n s ,  and s u r f a c e  shape  t e n d s  t o  be l i n e a r  
o r  convex n e a r  t h e  r i d g e t o p .  In  t h i s  s t u d y ,  
s l o p e  p o s i t i o n  was weakly c o r r e l a t e d  w i t h  t r e e  
h e i g h t  and much of the v a r i a t i o n  i n  s i t e  index  
normal ly  accounted f o r  by t h i s  v a r i a b l e  
a p p a r e n t l y  was exp la ined  by t h e  shape index .  

F i n a l  Equat ion 

For t h e  f i n a l  a n a l y s i s ,  d a t a  from a l l  140 
p l o t s  were combined. The r e s u l t i n g  r e g r e s s i o n  
e q u a t i o n  o f  b e s t  f i t  was: 

- ( 0 . 0 0 0 3 8 2 ~ 0 ~  [ASP] *GW/lOO) 

The r e g r e s s i o n  c o e f f i c i e n t s  changed v e r y  l i t t l e  
from t h o s e  shown i n  e q u a t i o n  [ I ] .  Equat ion [ 2 ]  
has  an  R2 of 0.702 and sy.x of 0.00105, 

A p p l i c a t i o n  of  Equat ion 

The p r e s e n t  form of  t h e  model f o r  e s t i m a t i o n  
of  t o t a l  h e i g h t  f o r  yel low-poplar  i n  t h e  Southern 
Appalachians  i s  p r i m a r i l y  u s e f u l  f o r  grouping 
l and  a r e a s  i n t o  broad c a t e g o r i e s  of  s i t e  c l a s s e s :  

S i t e  c l a s s  S i t e  i n d e x  range  

Poor < 200 

I n t e r m e d i a t e  100 - 120 

Good =. 120 

Other  f a c t o r s  t h a t  a r e  known t o  a f f e c t  
s i t e  index ,  such a s  s o i l  and c l i m a t i c  v a r i a b l e s ,  
were n o t  cons ide red  i n  t h i s  paper  b u t  may a l t e r  
e f f e c t s  of  topography f o r  l o c a l  a r e a s .  U n t i l  
t h i s  e q u a t i o n  h a s  been e v a l u a t e d  f o r  a p p l i c a t i o n  
i n  v a r i o u s  l o c a l  s i t u a t i o n s ,  t h e  u s e r  shou ld  
e x e r c i s e  p roper  judgment i n  a p p l i c a t i o n  of  
p r e d i c t e d  v a l u e s  of  s i t e  index .  
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VTCROSITE VAPLATIOK &D HEIGHT O F  

LOBLOLLY PINE SEEDLINGS WITHIN THE SOUTH CAROLIUA PIMMONTL/ 
2 1 M. R. Augspurger, G. R. Kellogg,  W. D. McDade, and D.  P. Van Lea? 

A5s t rac t . - -So i l - s i t e  c h a r a c t e r i s t i c s  were c o r r e l a t e d  
wi th  h e i g h t s  of four-year-old l o b l o l l y  p i n e  (Pinus t a e d a  L . )  
s e e d l i n g s  on two South Caro l ina  Piedmont s i t e s .  Both s i t e s  
had been roo t raked ,  windrowed and p lan ted  wi th  improved s tock .  
Seed l ing  h e i g h t  was s i g n i f i c a n t l y  g r e a t e r  on m i c r o s i t e s  where 
penetrometer  r e s i s t a n c e  was l e a s t  and dep th  t o  t h e  a r g i l l i c  
hor izon  was g r e a t e s t .  Organic con ten t  and wate r  supplying 
c a p a c i t y  index had l i t t l e  t o  no s i g n i f i c a n t  e f f e c t  on s e e d l i n g  
h e i g h t .  

INTRODUCTION YETHODS 

Pledmont  s i t e s  have a  h igh  degree of micro- 
s i t e  v a r i a t i o n  p a r t i a l l y  due t o  d e n d r i t i c  
e r o s i o n  p a t t e r n s  which formed when t h e  a r e a  was 
i n  c u l t i v a t i o n .  A r t i f i c i a l  r e g e n e r a t i o n  of 
l o b l o l l y  p i n e  i n  t h e  Piedmont i s  t y p i c a l l y  
accomplished by c l e a r f e l l i n g ,  s i t e - p r e p a r a t i o n ,  
and p l a n t i n g .  These h a r v e s t i n g  and r e g e n e r a t i o n  
p r a c t i c e s  may r e s u l t  i n  i n c r e a s e d  m i c r o s i t e  
var ia t - lon .  A l a r g e  v a r i a t i o n  i n  t h e  h e i g h t  of 
l o b l o l l y  p ine  s e e d l i n g s  h a s  been observed on 
t h e s e  m e c h a n i c a l l y  prepared p l a n t a t i o n s .  S ince  
s i t e  p r e p a r a t i o n  h a s  reduced t h e  v e g e t a t i v e  
c o m p e t i t i o n ,  h e i g h t  d i f f e r e n c e s  may be r e l a t e d  
t o  m i c r o s i t e  v a r i a t i o n .  

Xany s t u d i e s  have r e l a t e d  numerous 
s o i l - s i t e  c h a r a c t e r i s t i c s  t o  t h e  h e i g h t  o r  s i t e  
index  o f  o l d e r  l o b l o l l y  p i n e  (Pinus i a e d a  L.)  
s t a n d s  (Carmean 1975). However, few s t u d i e s  
have a t t e m p t e d  t o  r e l a t e  s o i l  and s i t e  charac- 
t e r i s t i c s  t o  t h e  h e i g h t  growth of s e e d l i n g s .  
Ear ly  g rowth  s t u d i e s  a r e  needed t o  i d e n t i f y  
s o i l - s r l t e  f a c t o r s  important  t o  s e e d l i n g  growth. 
They may a l s o  i n d i c a t e  p o t e n t i a l  b e n e f i c i a l  o r  
a d v e r s e  e f f e c t s  of s i t e  p r e p a r a t i o n  t r e a t m e n t s  
on e a r l y  p l a n t a t i o n  development. The o b j e c t i v e  
of t h i s  s tudy  was t o  e v a l u a t e  e f f e c t s  of s e v e r a l  
s o i l - s i t e  c h a r a c t e r i s t i c s  on e a r l y  h e i g h t  growth 
of l o b l o l l y  p ine  s e e d l i n g s  on South Caro l ina  
Piedmont  s i t e s .  

L / ~ a p e r  p resen ted  a t  t h e  Southern S i l v i c u l t u r a l  
R e s e a r c h  Conference, A t l a n t a ,  Georgia ,  
November 7-8, 1984. 

. 2 / ~ e s e a r c h  F o r e s t e r ,  Former Graduate A s s i s t a n t ,  
G r a d u a t e  A s s i s t a n t ,  and P r o f e s s o r ,  Department of 
F o r e s t r y ,  Clemson U n i v e r s i t y ,  Clemson, South 
C a r o l i n a .  

Study Area 

Four-year-old l o b l o l l y  p ine  s e e d l i n g s  were 
s t u d i e d  on two smal l  c l e a r c u t s  l o c a t e d  on t h e  
Clemson Experimental Fores t  i n  t h e  upper  Piedmont 
of South Caro l ina .  P r i o r  t o  c l e a r c u t t i n g ,  t h e s e  
s t a n d s  contained 90 and 77 f t 2 / a c  of s h o r t l e a f  
p ine  (Pinus e c h i n a t a  M i l l . )  wi th  a  mixed hardwood 
unders to ry  componect. S i t e  i n d i c e s  a t  age  50 were 
70 and 60 f t ,  r e s p e c t i v e l y .  The a r e a s  were 
c l e a r c u t ,  roo t raked ,  and machine p lan ted  a t  
6 x  6 f t  spacing w i t h  1-0 improved l o b l o l l y  p i n e  
s e e d l i n g s  i n  1979 ( s i t e  A) and 1980 ( s i t e  B ) .  

S o i l s  o r  bo th  s i t e s  a r e  C e c i l  sandy loams 
(Typic Hapludults)  w i t h  s o u t h e a s t  exposures  and 
s l o p e s  of 5-10 percen t .  Because of p a s t  farming 
p r a c t i c e s ,  t h e s e  s o i l s  have undergone s e v e r e  
s u r f a c e  and g u l l y  e r o s i o n  and t h e  a r g i l l i c  h o r i z o n  
( subsur face  hor izon  of an i l l u v i a l  accumulat ion of 
c l a y )  i n  many a r e a s  i s  a t  o r  n e a r  t h e  s u r f a c e .  As 
s h o r t l e a f  p i n e  seeded i n  on t h e s e  o l d  f i e l d s ,  
e r o s i o n  r a t e s  dec l ined  and g u l l i e s  s t a b i l i z e d .  
S o i l  and o r g a n i c  m a t t e r  g r a d u a l l y  accumulated i n  
t h e s e  e r o s i o n  channe ls ,  f u r t h e r  i n c r e a s i n g  s i t e  
v a r i a b i l i t y .  

Sampling Procedures 

I n  each of t h r e e  h e i g h t  c l a s s e s ,  twenty 
s e e d l i n g s  were randomlv s e l e c t e d  f o r  measurement 
on each s i t e .  Three s e e d l i n g  h e i g h t  c l a s s e s  were 
e s t a b l i s h e d  a s  r e p r e s e n t a t i v e  of t h r e e  m i c r o s i t e s .  
The t h r e e  h e i g h t  c l a s s e s  were: ( 1 )  s e e d l i n g s  
< 3 f t ,  ( 2 )  s e e d l i n g s  3-5 f t ,  and ( 3 )  s e e d l i n g s  
> 5 f t  i n  h e i g h t .  R e l a t i v e  s o i l  d e n s i t y ,  dep th  t o  
t h e  a r g i l l i c  hor izon ,  o rgan ic  m a t t e r  c o n t e n t ,  
and wate r  supplying c a p a c i t y  were assessed  a t  
each t r e e .  



Four penetrometer  cone index read ings  were 
taken around t he  d r i p - l i ne  of each s eed l i ng  t o  a 
depth of inches  while  t h e  s o i l  was near  f i e l d  
capac i ty .  Index read ings  were then averaged t o  
g9ve one reading f o r  eacF sampled t r e e .  

S o i l  co r e s  were taken w j th in  t h e  d r i p - l i ne  
of each s eed l i ng  us ing  an auger  t o  deternine 
depth t o  t h e  a r g i 7 - l i e  horizon (Xt). In add i -  
t i o n ,  f ou r  ?-inch s o i l  cores  were taken around 
t h e  d r i p - l i ne  of each s eed l i ng  and conposi ted 
f o r  d e t e m l n a t i o n  of t h e  organic  ma t t e r  conten t  
of t h e  su r f ace  s o i l  us ing  t h e  Valkley-Rlack 
method (Ai l i son  1965). 

A s  an index t o  t h e  p o t e n t i a l  a b i l i t y  of t he  
micro-s i te  t o  supply a v a i l a b l e  water  and 
n u t r i e n t s  t o  t h e  s eed l i ng ,  t h e  fol lowing 
sub j e c t i ve  ranking system w a s  used: 

RANK DESCRIPTION 
1 Highly eroded s i t e  w i th  B t  a t  t he  su r f ace  

and l i t t l e  t o  no su r f ace  vege t a t i on  
2 Eroded s i t e  with R t  l e s s  than 2 inches 

below t h e  su r f ace  and l e s s  than 25% 
vege t a t i ve  cover 

3 Level m ic ro s i t e  wi th  B t  2-5 inches  below 
t h e  su r f ace  and 25-50% vege t a t i ve  
cover 

4 S l i g h t  depress ion  wi th  B t  2-5 inches below 
t h e  su r f ace  and 50-75% vege t a t i ve  
cover 

5 S l i g h t  depress ion  w i th  B t  deeper than  
5 inches and v e g e t a t i v e  cover g r e a t e r  
than  75% 

Analysis  of va r i ance  was used t o  t e s t  t h e  
e f f e c t s  of s o i l - s i t e  c h a r a c t e r i s t i c s  on s eed l i ng  
he igh t .  A l l  t e s t i n g  was a t  t h e  0.05 percent  
l e v e l  of s i gn i f i c ance .  Di f fe rences  between 
he igh t  c l a s s  means f o r  each s o i l  v a r i a b l e  were 
t e s t e d  us ing  ~ u n c a n ' s  new mu l t i p l e  range t e s t .  
Regression ana lyses  were used t o  determine how 
c l o s e l y  each s o i l  v a r i a b l e  r e l a t e d  t o  he igh t  a t  
each s i t e .  

Loblo l ly  s eed l i ng  he igh t  was s f g n i f i c a n t l g  
g r e a t e r  on mic ro s i t e s  where penetrometer 
r e s i s t a n c e  was l e a s t  and depth t o  t h e  a r g i l l i c  
horizon was g r e a t e s t  (Table I ) .  Organic ma t t e r  
content  of s o i l s  around s eed l i ngs  i n  t h e  two 
l a r g e r  s i z e  c l a s s e s  was s i g n i f i c a n t l y  g r e a t e r  
than t h a t  i n  s o i l s  around smal le r  s eed l i ngs .  
The water  supplying capac i t y  index had no 
s i g n i f i c a n t  e f f e c t  on s eed l i ng  he igh t .  

On f i n e  tex tured  s o i l s ,  t h e  cone penetrome- 
t e r  has  been found t o  be an accu ra t e  e s t ima to r  
of r e l a t i v e  s o i l  dens i t y  (Davidson 1965). Pene- 
t rometer  r e s i s t a n c e  va lue s  were s i g n i f i c a n t l y  
l ove r  f o r  t r e e s  i n  t h e  l a r g e r  he igh t  category.  

Table 1. Pe ight  c l a s s  d i s t r i b u t i o n  by s o i l  
v a r i a b l e s  i n  a four-year-old l o b l o l l y  pine 
p l an t a t i on .  

Water 
Height Supply 

S i z e  Penetrometer Depth Organic Capaci ty 
Class Resfstance t o  S t  Fatter Index 

(F t I  ( ~ b  f l n 2 )  f i n )  (7:) 

NOTE: %ans fn1l.owed by t h e  same l e t t e r  i n  
columns a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
0.05 l e v e l .  

Roots gene ra l l y  pene t r a t e  s o i l s  by moving through 
e x i s t i n g  pore spaces  o r  by d i sp l ac ing  s o i l  
p a r t i c l e s  from t h e i r  path.  Increased s o i l  d e n s i t y  
i n h i b i t s  r oo t  development a s  w e l l  a s  s eed l i ng  
he igh t  because of reduced po ros j t y ,  moisture 
s t o r age  capac i t y ,  i n f i l t r a t i o n  r a t e s ,  and roo t  
pene t r a t j on  ( F o i l  and Ralston 1967, Simmons and 
Eze l l  1983). 

Seedling he igh t s  were g r e a t e s t  on mfc ros i t e s  
wi th  t h i c k e r  su r f ace  s o i l  hor izons  (Table 1 ) .  
Most Piedmont su r f ace  s o i l  hor izons  a r e  charac- 
t e r i z e d  by h igher  percentages  of sand and s i l t  
than t h e  lower hor izons ,  which have accumulations 
of c l a y  (Campbell e t  a l .  1973, Boul e t  a l .  1980). 
The a b i l i t y  of a  s o j l  t o  f a c i l i t a t e  gas exchange 
and water  i n f i l t r a t i o n  i s  l a r g e l y  dependent upon 
s o i l  t e x t u r e  ( P r i t c h e t t  1979, Burger 1983). If 
the  s u r f a c e  s o i l  hor izon  i s  t h i n  o r  nonex i s t an t ,  
a s  i s  t h e  case  i n  many eroded Piedmont s o i l s ,  
oxygen may not  be a b l e  t o  d i f f u s e  i n t o  t h e  soiL i n  
s u f f i c i e n t  q u a n t i t i e s  t o  provide an adequate 
supply f o r  r o o t  growth. Reduced roo t  growth due 
t o  poor a e r a t i o n  adverse ly  a f f e c t s  he igh t  growth 
not  on ly  because of reduced oxygen but  a l s o  
because of reduced n u t r i e n t  and water  uptake 
(Zahner 1958, F o i l  and Ralston 1967, Sands 1983). 
Therefore,  s o i l s  wi th  t h i c k e r  su r f ace  hor izons  
tend t o  provide g r e a t e r  r oo t i ng  volume than h igh ly  
eroded s o i l s .  

Mater supplying capac i t y  index showed no 
s i g n i f i c a n t  e f f e c t  on s eed l i ng  he igh t  (Table 11, 
apparen t ly  because of confounding between f a c t o r s  
used i n  t h e  r a t i n g  system. Even though s u r f a c e  
s o i l  depth s i g n i f i c a n t l y  a f f e c t e d  s eed l i ng  h e i g h t ,  
when combined i n  t h e  sub j ec t i ve  rankings with t h e  
presence of vege t a t i on ,  no s i g n i f i c a n t  e f f e c t s  
were found. Associated vege t a t i on  on t h e  micro- 
s i t e  appeared t o  have a nega t i ve  e f f e c t  on 
s eed l i ng  he igh t ,  r a t h e r  than being an i n d i c a t o r  
of a favorab le  m ic ro s i t e ,  as envisioned when t h e  
r a t i n g  system was developed. 



Orgenic matter content around seedlings 
varied only from 1.7 to 2.0 percent across the 
three height categories (Table I ) .  The less 
erodea sites associated with the two taller 
classes o? seedlings had significantly higher 
organec matter concentrations, even though 
actuafiL numerical differences were small. 

Even though penetrometer resistance and- 
surface soil depth showed good correlations with 
seedl2ng height on site A, regression analysis 
indicated that soil density and surface soil 
depth accounted for only 0.28 and 0.32 of the 
variarion in seedling height on site B 
(Table 2). These differences may be partfally 
explariined by the fact that sites were sampled in 
different years. Soil conditions during 
samplSlng periods may have affected ease of 
samplgng, or possibly differences in the 
personnel taking the measurements, may have 
resulted in the lower R' values on site B. 

Table 2. Coefficients of determination ( R ~ )  
with total height as the response variable. 

Concomitant Variable Site A Site B 

Allison, L. E. 
1965. Organic carbon, p. 1372-1376. 3 
Black, C. A. (ed.). Methods of soil analysis 
Part 2. Amer. Soc. of Agron., Madison, WT 

Boul, S. W., F. D. Hole, and R. J. NcCracken. 
1980. Soil genesis and classification 2nd ed. 
Iowa State Univ. Press, Ames, IA, p, 404, 

Burger, J. A ,  
1983. Physical impacts of harvesting and site 
preparation on soil. p. 3-11, In 
Maintaining forest sire Proc. 
First Techn. Conf. Appalachian Soc. Amer. 
For., January 27-28, 1983. Nyrtle Beach, 
SC. 

Campbell, R. G., J. R. Willis, and J. T. May. 
1973. Soil disturbance by logging with 
rubber-tired skidders. J. Soil Water 
Conserv. 28:218-220. 

Camean, W. H. 
1975. Forest site quality evaluation in the 
United States. Advances in Agronomy, 
Academic Press Inc. 27:209-269. 

Penetrometer Resistance .55 .28 
Depth to Argillic Horizon (Bt) .55 .32 
Water Supply Capacity Index (WSC) .42 .ll 
Organilc Matter (OM) .14 .00 

Davidson, D. T. 
1965. Penetrometer measurements. p. 472-484. 
In Black, C. A. (ed.). Methods of soil ana- - 
lysis Part 1. Amer.Soc. of Agron., Madison, 
WI . 

CONCLUSIONS 

Results indicate that microsite variability, 
as expressed by penetrometer resistance and 
depth to the argillic horizon, significantly 
influenced loblolly pine seedling height. These 
factors are indirectly related to available 
water, nutrients, and aeration, which directly 
influence microsite quality and subsequently 
growth (Carmean 1975). The fine-textured soils 
of the Piedmont are very susceptible to 
compaction and often have a thin surface soil 
horizon. During moist conditions, Piedmont 
soils are particularly vulnerable to the adverse 
effects of poorly prescribed site treatments. 
Forest managers should be aware of soil-site 
characteristics which are limiting to growth and 
prescribe silvicultural treatments accordingly. 

Foil, R. R. and C. W. Ralston. 
1967. The establishment and growth of 
loblolly pine seedlings on compacted soils. 
Soil Sci. Soc. her. Proc. 31:365-368. 

Pritchett, W. L. 
1979. Properties and Management of Forest 
Soils. John Wiley and Sons, New York, NY. 
p. 500. 

Sands, R. 
1983. The effect of soil physical change on 
forest productivity. IUFRO Symp. on 
forest site and continous productivity. 
Seattle, WA, Aug, 1982. 

Simmons, G. L. and A. W. Ezell. 
1983. Root development of loblolly seedlings 
in compacted soils. In Jones, E. P. (ed.). 
Proc. Second ~iennia1Tou. Silv. Res. Conf ., 
Atlanta, GA, Nov. 4-5, 1982. USDA For. Ser. 
Gen. Tech. Rep. SE-24. 1983. 

Zahner, R. 
1958. Site quality relationships of pine in 
southern Arkansas and northern Louisiana. 
For. Sci. 4(2):162-176. 



IMPACT OF INTENSIVE SILVICULTURAL PRACTICES ON SOIL COWACTIOH~' 

2 / Timothy TI Ku, R. S c o t t  Beasley,  and Timothy J. Lomax- 

A study was i n i t i a t e d  i n  South Arkansas i n  1980 t o  de te r -  
a i n e  t h e  e f f e c t s  of i n t e n s i v e  s i l v i c u l t u r a l  p r a c t i c e s  on water  
and s i r e  q u a l i t y .  Nine n a t u r a l  mature pine-hardwood 
wate rsheds ,  ranging i n  s i z e  from 2*56 t o  4.05 ha were loca ted  
i n  Drew County, 6 mi les  n o r t h  of X o n t i c e l l o  on i n d u s t r i a l  
l ands .  Three watersheds were c l e a r c u t ,  s i t e  prepared and 
r e p l a n t e d  t o  pine;  t h r e e  were s e l e c t i v e l y  harves ted  t o  achieve 
a n  uneven age s t r u c t u r e ;  and t h r e e  were l e f t  und is t rubed  t o  
s e r v e  a s  c o n t r o l s .  The predominant s o i l  s e r i e s  was Tippah s i l t  
loam, a member of the  F i n e - s i l t y ,  mixed, thermic,  Aquic 
Pa leuda l f  s. 

I n  con junc t ion  with t h e  p r o j e c t ,  a s tudy  on t h e  e f f e c t s  of 
logging  o p e r a t i o n  and subsequent s i t e  p r e p a r a t i o n  on s o i l  com- 
p a c t i o n  was begun. Bulk s o i l  samples and i n  s i t u  cores  were 
taken a t  3 p o i n t s  and 2 dep ths  (0-7.5 cm and 15-22.5 cm) near  
each of 10 s t a t i o n s  s e p a r a t e d  a t  20.3 m ( 1  cha in)  i n t e r v a l s  
a long  a t r a n s e c t  through t h e  approximate a x i s  of each 
watershed,  before  and a f t e r  s i l v i c u l t u r a l  o p e r a t i o n s .  

S t a t i s t i c a l  a n a l y s i s  of t h e  1080 bulk d e n s i t y  samples 
i n d i c a t e d  a s i g n i f i c a n t  impact of c lea rcu t -and-s i te  p r e p a r a t i o n  
o p e r a t i o n s  on s o i l  compaction. Bulk d e n s i t y  on a l l  watersheds 
b e f o r e  t rea tment  averaged 1.13 g /cc  f o r  t h e  upper 7.5 cm and 
1.37 g /cc  f o r  t h e  15-22.5 cm zone. Immediately a f t e r  t rea tment  
t h e  r e s p e c t i v e  va lues  were 1.35 g /cc  and 1.50 g / c c  f o r  t h e  
c lea rcu t -and-s i te  prepared watersheds,  1.18 g/cc and 1.38 g /cc  
f o r  t h e  s e l e c t i v e l y - h a r v e s t e d  watersheds and 1.12 g /cc  and 
1.37 g / c c  f o r  t h e  c o n t r o l s .  

A d d i t i o n a l  s o i l  sampling and a n a l y s i s  w i l l  be done t o  
s tudy  t h e  recovery time from such compactions * 

Paper p resen ted  a t  Southern S i l v i c u l t u r a l  Research 
Conference, A t l a n t a ,  Georgia, November 7-8, 1984. 

/ P r o f e s s o r s  and Research S p e c i a l i s t ,  r e s p e c t i v e l y ,  
Department of F o r e s t  Resources, A g r i c u l t u r a l  Experiment 
S t a t i o n ,  U n i v e r s i t y  of Arkansas a t  Mont ice l lo ,  Mont ice l lo ,  AJ3 
7 1655. 



LONG TED1 RESPONSE OF LOBLOLLY 

1 / PIKE TO COLLOIDAL PWOSPFATE - 
2 1 M. Victor  Bi lan  and Harcey A. G i l l e s p i e  - 

Abstract.--Three o r  s i x  ounces of c o l l o i d a l  phosphate were appl ied  
e i t h e r  i n  p l an t i ng  ho l e  o r  on s o i l  su r f ace  while  p l an t i ng  l o b l o l l y  pine 
i n  East  Texas. Combination of phosphate i n  t he  p l an t i ng  ho l e  wi th  NK: on 
s o i l  su r f ace  increased  diameter  growth f o r  f ou r  yea r s  and t h e  he ight  
growth f o r  18 years  a f t e r  p l an t i ng .  

INTRODUCTION 

T h i s  s tudy was i n i t i a t e d  i n  1960, during t h e  
per iod  o f  i n t e n s i f i e d  i n t e r e s t  i n  commercial 
f o r e s t  f e r t i l i z a t i o n  s t imu la t ed  by r ap id ly  
i n c r e a s i n g  demand f o r  f o r e s t  products  and by 
s h r i n k i n g  f o r e s t r y  land  base.  Calphos 31 
f e r t i l i z e r  was donated by t h e  cooperator  t o  t e s t  
i t s  e f f e c t  on growth sf l o b l o l l y  p ine  s eed l i ngs  i n  
East  Texas .  Calphos, which i s  a brand of  
n a t u r a l l y  occur r ing  c o l l o i d a l  phosphate, con t a in s  
a t  l e a s t  about 8% of phosphorus, 17% of calcium 
and l e s s e r  amounts of 18 o the r  elements. 
B e n e f i c i a l  e f f e c t  of c o l l o i d a l  phosphate on growth 
of s l a s h  pine i n  F lo r i da  was repor ted  by P r i t c h e t t  
and Swinford  i n  1961. 

EXPERIMENTAL PROCEDURES 

The study was e s t ab l i shed  on a Woden sandy 
loam s o 2 1  of o ld  f i e l d  i n  Nacogdoches County, 
Texas. The s i t e  was burned and c l ea r ed  of brush 
j u s t  p r i o r  t o  es tab l i shment  of t he  s tudy  i n  
February , 1961. 

1' Paper  presen ted  a t  Southern S i v l i c u l f u r a l  
Research Conference, A t l an t a ,  Georgia, Noveqber 
7-8, 1984 .  

2' The au tho r s  a r e ,  r e spec t i ve ly ,  Professor  
of F o r e s t r y  and former Graduate Ass i s t an t ,  School 
of F o r e s t r y ,  Stephen F. Aust in S t a t e  Univers i ty ,  
Nacogdoches, Texas 75962. 

2' Thompson Sa l e s  Company, Inc . ,  I?. 0.  Box 
246, Montgomery, Alabama 36101. 

The sandy loam su r f ace  s o i l  was c l a s s i f i e d  a s  very 
low on n i t r ogen  and phosphorus and low on 
potassium and calcium. 

The s tudy  c o n s i s t s  of f ou r  blocks each 160 
f e e t  by 100 f e e t ,  i n  a  f ou r - r ep l i c a t e  s p l i t  p l o t  
des ign .  Ten furrows spaced e i g h t  f e e t  a p a r t  were 
plowed p a r a l l e l  t o  t h e  s h o r t  s i d e  of each b lock ,  
t hus  subdividing each block i n  two p l o t s  and t h e  
e n t i r e  experimental  f i e l d  i n t o  e igh t  p l o t s  each 
100 f e e t  by 80 f e e t .  Ten rows of 25 one-year-old 
l o b l o l l y  p ine s  were hand p lan ted  on each p l o t  
w i th  e igh t - foo t  i n t e r v a l s  between rows and four-  
f o o t  i n t e r v a l s  between p ine s  i n  t h e  same row. 
One of t h e  fol lowing t rea tments  was app l i ed  a t  
random t o  one p a i r  of rows of s eed l i ngs  i n  each 
p l o t :  

1. 3  oz,  of Calphos placed i n  t h e  
p l an t i ng  hole  of each s eed l i ng .  

2. 6 oz. of Calphos placed i n  t h e  
p l an t i ng  ho l e  of each s eed l i ng .  

3 .  3 oz. of Calphos spread on s o i l  
su r f ace  i n  12-inch r ad iu s  around 
each seedl ing .  

4 .  6  oz. of Calphos spread on s o i l  
su r f ace  i n  12-inch r a d i u s  around 
each seedl ing .  

5. Control .  

One week a f t e r  p l an t i ng  1 oz. of 60% mur ia te  
of potash and 1.5 oz. of 40% ammonium s u l f a t e  
were spread on s o i l  su r f ace  i n  12-inch r a d i u s  
around each p ine  i n  one of t h e  two rows g iven  
s i m i l a r  Calphos t reaements .  

Height and s u r v i v a l  of a l l  t r e e s  were 
recorded annual ly  from the  f i r s t  through t h e  
f o u r t h  year  a f t e r  t rea tments ,  while  t h e  d iameter  
a t  b r e a s t  he igh t  was recorded during t h e  t h i r d ,  



f ou r th  and e leventh  year  a f t e r  t rea tments .  Data 
obtained 18 yea r s  a f t e r  t h e  t rea tments  a r e  based 
on t he  diameter  of  a l l  s u rv iv ing  t r e e s  and on t he  
he ight  of  f i v e  dominant t r e e s  per  row, F a c t o r i a l  
a n a l y s i s  of var iance  was used f o r  t he  f i n a l  
measurements, whi le  a l l  d a t a  obtained prev ious ly  
were subjec ted  t o  a s p l i t - s p l i t  p l o t  s t a t i s t i c a l  
ana lyses .  

RESULTS DISCUSSIONS 

Height Growth 

Combination of p l ac ing  Calphos i n  t h e  
p l a n t i ng  ho l e  and spreading  potassium and 
n i t r oge n  on s o i l  su r f ace  increased  he igh t  growth 
of l o b l o l l y  p ine  s eed l i ngs  dur ing  t he  f i r s t  f ou r  
ye a r s  a f t e r  t reatment  (Table 1 ) .  E i t he r  3 oz. o r  
6 oz,  of Calphos were equa l l y  e f f e c t i v e  on t h e  
furrowed and on t h e  unfurrowed p l o t s .  Spreading 
of Calphos on t h e  s o i l  su r f ace  d i d  not  prove t o  
be e f f e c t i v e  e i t h e r  w i th  o r  without  n i t r ogen  and 
potassium r ega rd l e s s  of furrowing,  Furrowing 
a lone  d i d  no t  seem t o  a f f e c t  he igh t  growth of  
p lan ted  s eed l i ngs  dur ing  t h e i r  f i r s t  f ou r  yea r s  
of growth. 

Eighteen years  a f t e r  t rea tment ,  t r e e s  t h a t  
received 3 oz. o r  6 oz. of  Calphos i n  t h e  p l an t i ng  
hole  were s t i l l  s i g n i f i c a n t l y  t a l l e r  than t h e  
c o n t r o l  t r e e s  (Table 2) .  A t  t h i s  time, Calphos 
proved t o  be e f f e c t i v e  w i th  o r  without  a d d i t i o n  
of n i t r ogen  and potassium. According t o  a n  
equa t ion  developed by Lenhart (1972), s i t e  index 
a t  base  age 25 was improved from 61 f e e t  f o r  
c o n t r o l  t r e e s  t o  63 f e e t  f o r  t r e e s  t h a t  rece ived  
Calphos i n  t h e  p l an t i ng  hole .  

Brendemuehl (1970), Bengston (1970), and 
P r i t c h e t t  (1961) have demonstrated t he  importance 
of p l a c ing  f e r t i l i z e r  m a t e r i a l ,  e s p e c i a l l y  
phosphorus, i n  contac t  w i th  t h e  roo t i ng  zone of 
t h e  s o i l  f o r  the  b e s t  response.  P r i t c h e t t  and 
Swinford (1961) repor ted  t h a t  b roadcas t ing  and 
d i sk ing  of c o l l o i d a l  phosphate a t  t h e  r a t e  of 1 /2  
ton  p e r  a c r e  j u s t  be fo r e  p l an t i ng  increased  
s i g n i f i c a n t l y  he ight  growth of s l a s h  p ine  i n  
F lo r i da ,  and t h a t  supe r io r  he igh t  growth was 
ev ident  15 yea r s  a f t e r  t h e  t rea tment .  

Diameter and Basal  Area 

Appl ica t ion  of e i t h e r  3 oz. o r  6 oz. of 
Calphos i n  t h e  p l an t i ng  ho l e  and of  n i t r ogen  and 

potassium on t h e  s o i l  su r f ace  increased  
s i g n i f i c a n t l y  diameter  growth of t h e  p lan ted  
l o b f o l l y  p ine s  durFng t h e  t h i r d  and t he  f o u r t h  
growing season on both ,  t he  furrowed and 
unfurrowed p l o t s  (Table 3) .  Bowever, no 
s i g n i f i c a n t  d i f f e r e n c e s  were ev ident  among t h e  
average diameter  growth of any t rea tments  11 o r  
18 yea r s  a f t e r  p lan t ing .  

Close (4  f e e t  by 8 f e e t )  o r i g i n a l  spacing 
74% average s u r v i v a l  18 yea r s  a f t e r  t reatment  
r e s u l t e d  i n  an average of 1,007 t r e e s  per  a c r e  
and a b a s a l  a r e a  of 224 square f e e t  (Table 4 ) .  
The excess ive  s tand  dens i t y  i n h i b i t e d  diameter  
growth and probably r e s u l t e d  i n  t h e  absence of 
s t a t i s t i a l  d i f f e r e n c e s  among t h e  t rea tments  f o r  
t h e  diameter  growth and b a s a l  a r e a  per  acre .  
Vhen expressed a s  percentage of con t ro l ,  Calphos 
a p p l i c a t i o n  a t  t he  r a t e  of 6 oz. on su r f ace  and 
3 oz. o r  6 oz ,  i n  p l an t i ng  hole  produced between 
10% and 16% more b a s a l  a r ea .  

Volume 

Volume i n  c u n i t s  was determined by the  
equa t ion  : 

c u n i t s  = 0.008 + 0.0002 D ~ H  

S t a t i s t i c a l  a n a l y s i s  d i d  no t  d e t e c t  any 
s i g n i f i c a n t  d i f f e r e n c e s  among average volume pe r  
a c r e  produced by i nd iv idua l  Calphos t rea tments  18 
yea r s  a f t e r  f e r t i l i z a t i o n .  However, l i k e  diameter  
and b a s a l  a r ea ,  volume produced by 6 oz. and 3 oz. 
of Calphos i n  t h e  p l an t i ng  hole  was 10% and 19% 
g r e a t e r  than t h e  volume produced by c o n t r o l  t r e e s .  

Merchantable volume i n  cords was determined 
by t h e  equat ion:  

cords  = 0.75 ( c u n i t s l t r e e )  dbh-3.5 assuming 
uni f  o m  t a p e r  dbh 

and a top  diameter  l i m i t  of 3.5 inches.  Although 
d i f f e r e n c e s  among t rea tment  means were 
s t a t i s t i c a l l y  no t  s i g n i f i c a n t ,  6 oz. of Calphos 
on s o i l  su r f ace  produces 21% more cord volume 
than t h e  con t ro l .  Trees t r e a t e d  wi th  3 oz. i n  
t he  p l an t i ng  ho l e  produced 10% more cord volume 
than t h e  c o n t r o l  t r e e s .  P r i t c h e t t  and Swinford 
(1961) a l s o  repor ted  i nc r ea se  i n  cord wood volume 
of s l a s h  p ine  i n  F lo r i da  15 years  a f t e r  
a p p l i c a t i o n  of 0.5 t o  1.0 t on  of c o l l o i d a l  
phosphate per  a c r e  d i sked  i n t o  f i n e  sand be fo r e  
p l an t i ng  . 



T a b l e  1.--Average he ight  of l o b l o l l y  p ine  p l an t a t i on  by t rea tments  during t h e  f i r s t  
four  years  a f t e r  p lan t ing .  

b e  
of 
Trees  

TRUTMENTS 
Calphos 

0 302, 602, 302. 6oz . 
c o n t r o l  su r f  ace su r f ace  hole  ho l e  

----------------------------------------------feet--------------------------------------------- 
No Furrowing no NK 

y e a r s  

10.8 a 10.4 a 

Furrowing no NR 

No Furrowing + NK 

Furrowing + NK 
1.4 a 1.5 a 

A' Treatment means followed by a common l e t t e r  do not  d i f f e r  s i g n i f i c a n t l y  according t o  Duncan's 
m u l t i p l e  range test. 



Table 3.--Average diameter  of lob lo lLy p ine  p l a n t a t i o n  by t rea tments  and age. 

Trees 0 302. 6025. 302. 602. 
con t r a1  su r f  ace su r f ace  hole  ha l e  

years 
........................................... inches------------------------------------------- 

No Furrowing no NK 

Furrowing no NK 

No Furrowing + NK 

Furrowing + PjK 

1' Treatment means followed by a common l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  according t o  Duncan's 
mul t ip le  range t e s t ,  



CONCLUSIONS Table 2,--Average he igh t  of l o b l o l l y  p ine  t r e e s  
a f t e r  f e r t i l i z i n g  f o r  a l l  furrowing and 
nitrogen-potassium t rea tments  combined. 

Calphos Treatments 

0 302. 60z. 302. 602. 
c o n t r o x  su r f ace  su r f ace  ho l e  ho le  

1' Trea tment  means followed by a common l e t t e r  do 
no t  d s f f e r  s i g n i f i c a n t l y  according t o  Duncan's 
m u l t i p l e  range t e s t .  

Table 4.--Average parameters  of l o b l o l l y  p ine  
t r e e s  18 y e a r s  a f t e r  t reatment  f o r  a l l  
furrowing and NK t rea tments  combined. 

Basal  
Treatment  Height Diameter Area Volume 

Calpho s f e e t  inches  sq.  f e e t /  cordsf  
a c r e  a c r e  

c o n t r o l  53.2 c- 6.0 a 211 a 16.6 a 

302. s u r f  ace  53.8 bc 6 , l  a 198 a 15.3 a 

602. s u r f a c e  53.4 bc  6.0 a 2 3 7 a  2 0 . 2 a  

302. h o l e  54.6 a 6.1 a 2 4 4 a  1 8 . 3 a  

602. h o l e  54.5 a 6.1 a 2 3 2 a  1 7 . 2 a  

1' Treatment  means fol lowed by a common l e t t e r  do 
not  d i f f e r  s i g n i f i c a n t l y  according t o  Duncan's 
m u l t i p l e  range t e s t ,  

Height and diameter  growth of l o b l o l l y  pice 
were s i g n i f i c a n t l y  increased during t h e  f i r s t  
f ou r  yea r s  a f t e r  p l an t i ng  when Calphos was 
appl ied  i n  t he  p l an t i ng  hole  and n i t r ogen  and 
potassium were appl ied  tlo s o i l  sur face .  
Bene f i c i a l  e f f e c t  of Calphos was a l s o  e v i d e n t  i n  
t h e  he igh t  growth 18 years  a f t e r  t rea tment  w i th  
o r  without  n i t r ogen  and potassium a p p l i c a t i o n .  

Average t r e e  s u r v i v a l  was 95% fou r  y e a r s  
a f t e r  f e r t i l i z i n g  and 74% e ighteen  yea r s  l a t e r ,  
and none of t h e  app l i ed  t rea tments  a f f e c t e d  t h e  
s t and  dens i t y .  Due t o  c l o se  spacing and a ve ry  
low m o r t a l i t y ,  o r i g i n a l  s i g n i f i c a n t  e f f e c t  of 
Calphos app l i ed  i n  t he  p l an t i ng  ho l e  was no t  a s  
c o n s i s t e n t  11 and 18 yea r s  a f t e r  t rea tment  as i t  
was dur ing  t h e  i n i t i a l  four  yea r s ,  Yet, 
application of 6 oz. of Calphos t o  s o i l  s u r f a c e  
and 3 oz. o r  6 oz. of Calpbos i n  t h e  p l a n t i n g  ho l e  
produced 10% - 20% increase  i n  ba sa l  a r e a ,  t o t a l  
volume and merchantable cordwood volume 18 y e a r s  
a f t e r  t rea tment .  
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1 i BOTTOMLAND mRDWOOD FERTLLZZATLOS--THE STONEVLLLE EXPERTEKGE- 

2 i John M. Francis 

Abstract.--A number of fertilization experiments have 
been conducted in plantations of cottonwood, sweetgum, and 
sycamore and in natural stands of oak and sweetgum. Re- 
sponses to nitrogen or nitrogen + phosphorus have been ob- 
tained more frequently in stands established on old fields 
than on undisturbed sites. Accelerated growth was maintained 
only a year or two, 

INTRODUCTION 

The hardwood surplus is not permanent. 
Every demand projection shows increased use of 
wood products in the future. Much forest land 
continues to be withdrakm for uses other than 
timber production, Unless technology brings 
forth inexpensive alternatives to the many uses 
of hardwoods, tight supplies and higher prices 
will be the eventual result. The wood supply 
crunch may bring into use management techniques, 
such as fertilization, that usually have been 
too expensive. Potentially, fertilization could 
accelerate growth so that rotations would be 
shortened, and thus more hardwood timber could 
be harvested per acre of commercial forest. 

Over the last 25 years in Stoneville, 
Mississippi, 20 studies were conducted by USDA 
Forest Service scientists to evaluate the re- 
sponse of bottomland hardwoods to fertilization. 
Nitrogen (N), phosphorus (P), potassium (K), and 
lime were applied to natural stands and to plan- 
tations in various combinations and at different 
rates. 1 shall sumarize the results of these 
studies and cament on their relevance to 
bottomland hardwood management. 

Paper presented at Third Biennial 
Southern SilvicuLturaP Research Conference, 
Atlanta, Georgia, November 7-8, 1984. 

2' Principal Soil Scientist, Southern Hard- 
woods Laboratory, maintained at Stoneville, 
Y i s s i s s i p p i ,  by the Southern Forest Experiment 
Station, USDA Forest Service, in cooperation 
with the Mississippi Agricultural and Forestry 
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COTTONWOOD STUDIES 

Four greenhouse studies pointed to the pos- 
sibility of responses of cottonwood to fertilizer 
in the field. The first, a solution culture 
study, demonstrated as much as 5 ,5  feet of height 
growth from seed in 9 weeks (Bonner and Broadfoot 
1967). Normal growth in soil for this period 
might be 10 inches. The greatest dry weight was 
accumulated with solution concentrations of 100 
ppm N, 75 ppm P, and 100 ppm K. Minimum foliar 
nutrient concentration for "good" growth was 
3.0% N, 0.3% P, and 1.2% K. The best growth oc- 
curred with 4.2% N, 0.7% P, and 3.0% K. In three 
pot studies, cottonwood planted in fertile allu- 
vial soils (Commerce, Sharkey, Adler, and Convent) 
from the Mississippi River floodplain either did 
not respond or responded little, even to high 
rates of N, P, or K. Cottonwood in a Coastal 
Plain alluvial soil (Bibb) having low natural 
fertility responded with 500% to 800% increases 
in total weight to lime or lime + complete ferti- 
lizer (N, I?, and K) but not to complete ferti- 
lizer alone (Blackmon and Broadfoot 1969). 

Foliar nutrient levels from the above 
studies, from fertilizer trials on plantations, 
and from natural stands growing on good and poor 
sites are sumarized in table 1. These data tend 
to confirm the previously established threshold 
level of 2.0% for K (mite and Carter i.970) but 
are not complete enough to establish critical 
levels of P and R. 

In eight studies, some with multiple trials, 
fertilizer was applied to cottonwood in planta- 
tions. Soils represented were Comerce, Convent, 
Sharkey, and Urbo. Rates of N used ranged from 
zero to 600 lbjacre. The S source used in all 
these studies was XHqN03. In some of the studies, 
P and K were added to a treatment, and in one 
study a lime treatment was included. The most im- 
portant cause of success or failure of a treatment 
was site history. Of the nine fertilizer trials 



Table 1.--Representative foliar nutrient levels from cottonwood 
in several fertilizer experiments. 

Soil Trea tnent 
Stand description series N-I?-R N P K 

Matural stand Commerce 
large trees) 

Sharkey 

Solution culture - 25 ppm-50 ppm-100 ppm 2.4 .65 2.90 

- 100 ppm-75 ppm-100 ppm 4.3 -70 3.20 

- 100 ppm-50 ppm- 50 ppm 3.9 .7Q 1-95 

Potted Comerce Control 1.4 -16 1-79 

Comerce 100 lb/ac-50 Lb/ac-100 lb/ac 2,2 -21 l -95 

Plantations Sharkey Control 1.7 - ... 
Cavg. 2-, 3-,  & 

Sharkey 
4-yr-old) 

Comerce 

300 lb/ac-0-0 2.1. - - 
Control 2.0 - - 

Comerce 300 lb /ac-0-0 2.4 - - 
Plantation Comer c e Control 1.6 .l8 - 
Q 6-yr-old) 

Comerce 150 lbjac-0-0 2,2 -17 - 
Plantat ion Commerce Control 1.4 - - 
< 7-yr-old) 

Commerce 150 lbjac-0-0 2.1 - - 
Plantation Convent Control 1 . 3  - - 

Convent 

in plantations established in sites recently 
cleared from forest, only one showed a signifi- 
cant response to fertilizer. Plantations on old 
fields fared considerably better; in three of 
four trials, significant growth increases were 
recorded, The greatest responses occurred on 
the medium-textured Comerce and Convent soils. 
The old-field plantations grew slowly, and ferti- 
lization stimulated them briefly to perform simi- 
larly to trees on cleared sites. Cottonwood in 
the first year on Urbo, a Coastal Plain alluvial 
soil (pR 4.5), did not respond to added M or P 
but did respond significantly to 3 tons of lime 
per acre -21 Benefit was not derived from the 
addition of P or K in any of the trials. The 
best rates of N fertilizer were 150 or 300 
lb / acre. 

The significant increases in diameter growth 
obtained in these experiments ranged from 26% to 
over 200%. However, responses were short-lived. 
Most of the benefit was obtained in the first year 

after treatment. Apparently, enhanced growth did 
not occur in the third year after fertilization, 
(Even though growth returns to normal, the volume 
advantage remains with the fertilized trees.j 
Blackmon (1977b) reported that fertilizer treat- 
ments of 84 to 672 kg N/ha produced from 0.15 m3 
to 0.03 m3 of additional wood per kilogram of N 
applied. This translates to 1 lb of S producing 
an additional SO lb o f  wood at the Lowest rate 
and 12 lb of wood at the highest rate, An 8-year- 
old, slow-growing cottonwood plantation in another 
experiment contained 73 lb of N in 14 tons of dry 
mass of the trees, including roots.&/ Assuming 
the same N concentration, the additional wood and 
supporting tissue produced for each pound of 3 
would contain only 0.15 and 0.03 lb of K for the 
l o w  and high treatments. Thus efficiency of S 
use for this experiment ranged fro3 about  3% t o  
15%. 

The treatments in the StonevilLe exgerime~ts 
were mostly applied in April and ear ly  May. 

?/ Blackmon, B. 6 .  The effect of fertilizer - 4' Francis, John K. Characterization of 
and lime on an eastern cottonwood plantation on a biomass and nutrient accumulation in a developing 
Coastal Ffain alluvial site. Study eastern cottonwood plantation, Study 
FS-SO-1111-2.15. Data on file at Southern Hard- FS-SO-1110-43. Data on file at Southern Hard- 
woods Laboratory, Stoneville, Hississippi. 1979. woods Laboratory. 1981. 



Research conducted by Crown Zellerbach Corpora- 
tion in the sane area suggests chat better re- 
sults could be obtained by fertilizing in Xarch 
(Grokcri Zellerbach 1973). Blackmon (l977a) found 
t h a t  plantation cottonwood are more Likely to 
respond at 6 pears old than at yscnger ages. 

OTHER SPECIES 

Cherrybark oak seedlings grown in liquid 
culture achieved their best growth from 100 ppm 
N, 5-25 ppm P, and 50-100 ppm I( in solution.21 
Sycamore planted in pots containing a sandy Loam 
Coastal Plain soil were treated with various 
rates of N, P, K, and lime. Phosphorus at rates 
of 25 and 100 Ib/acre caused a 250% increase in 
height growth. Potassium had no effect Lime 
and t i  caused slight growth reductions.?) In a 
contrasting examplei sycamore recently planted 
on a Coastal Plain alluvial soil were treated 
with N, P, and line. Heights at the end of the 
first growing season were significantly in- 
creased (29%) by 150 lb  acre. Lime at 4,000 
&/acre increased growth when applied with N, 
but not alone. Phosphorus did not increase 
growth at any of the rates tried.?/ The reason 
for the difference in response of the two soils 
is unknown but presumably relates to nutritionzl 
differences. 

Dominant willow oak in a green-tree 
reservoir were fertilized in 2 consecutive 
years with a complete fertilizer (8-24-24) in 
a 30-foot-diameter circle around their trunks 
at a rate af l,OOC lbjacre. Radial growth in- 
creased by 32% over a 4-year period. Produc- 
tion figures indicated an increase in acorns, 

?/ Blackmon, B.  6. Cherrybark oak nu- 
trition. I, Response of seedlings to N, P ,  
and K in solution culture, Establ, and Final 
Rep. FS-SO-1111-2.4. Data on file at Southern 
Hardwoods Laboratory. 1973. 

6' Bluckmon, B. 6 .  ilmerican sycamore nu- 
trition, I. Soil fertility requirements on 
an alluvial soil of the Coastal Plains. 
Establ. and F i n a l  Rep. PS-SO-llll-1.4. Data 
on file at Southern Hardwoods Laboratory. 
1972, 

2' Blackmon, 8. G. American sycamore nu- 
trition. 11, Response of plantations on 
Coastal Plain alluvium to additions of N, P, 
and lime, Final Rep. FS-SO-llll-1.15. Data 
on file at Southern Hardwoods Laboratory. 
1977. 

although the counts were not thought ~o be 
reliable ..!!/ 

A 20-year-old, naturally regenerated stand 
of sweetgum, willow oak, and water oak on an old 
f i e l d  (Tunics soil) was treated at various rates 
with N and an N-P-K fertilizer. The fertilizer 
was applied each April for 5 years. All ferti- 
lizer trearrnents increased the diameter and 
height of both sweetgum and oak (Broadfoot 1966). 
Greatest diameter growth was obtained with 300 
lb K/acre. During the next 5-year period, in 
which no fertilizer was applied, the previously 
treated plots grew no faster than the control, 
TWO more fertilizer treatments were applied at 
the same rates (stand ages 30 and 351, but 
without effect. 

Sweetgum in pots of Sbarkey clay soil re- 
ceived treatments of 250 Ib Elacre, LOO lb 
 acre, 250 lb Klacre, or combinations of N, P, 
and K. Seedlings in pots with N-P or N-P-K grew 
better than either the control or seedlings with 
any single nutrient. A single fertilizer treat- 
ment (N-P-K formulated at the above rates) was 
applied to the old-field sweetgum stand from 
which the Sharkey soil was obtained. After 6 
years, the pole-sized stand was thinned and re- 
fertilized. N and P were used this time, plus 
Plg, Zn, Cu, and B. Two years later, the stand 
was measured, Average height growlh for the 8 
years of the experiment was not significantly 
affected by the treatments. Average diameter 
growth was greater for treated plots, 0.30 
inchiyear versus 0.24 inchiyear for paired 
controls. Foliar data indicate that N may have 
been responsible for the difference ..?/ 

Five-year-old sweetgum planted on Henry 
soil (an old field) were fertilized in March 
with 250 lb N/acre, 150 lb Placre, N + P, or 
nothing (control). The trees responded to N and 
N 4 P (but not to P alone) with increased height 
and diameter growth and crown expansion. Ac- 
celeration of growth lasted just 1 year, Three 
years after fertilization, trees that had re- 
ceived N 4 P, the best treatment, contained 60% 
more dry weight than trees in the control treat- 
ment (Ku et al. 1981). 

In the last study, wood ash was tested as a 
fertilizer alone and in combination with N. 
(Wood ash from wood-waste burning boilers, cur- 
rently a waste product, is a useful liming agent; 

8' Blackmon, B. G .  Fertilization of 
willow oak for mast production in a green-tree 
reservoir. Final Rep. FS-SO-1111-2.7, Data 
on file at Southern Hardwoods Laboratory. 
1979. 

?/ Francis, John K. Fertilization of 
sweetgum on an old-field soil. Final Rep. 
FS-SO-1110-46, Data on file at Southern Hard- 
woods Laboratory. 3.981. 



it concains about 4% K and small amounts of: many 
other autrients.) Rates used were 2,000 lb 
ashlac~e and 200 lb K/acre. These treatments 
were applied to a cottonwood plantation on Com- 
merce soil, a sycamore plantation on Erno soil, 
a natu~al bottomland hardwood stand on Alligator 
soil, s n d  a natural hardwood stand on Loring 
soil. None of the stands grew better as a result 
of the wood ash or nitrogen. Potassium was not 
deficient except possibly on the Erno soil, where 
the sycamore were also growing poorly because of 
soil pkpsical problems associated with a 
fragip a n  .S/ 

Generally, alluvial soils of the South, the 
principal habitat of bottomland hardwood species, 
are nutritionally sound. These are normally 
young soils derived from sediment of diverse 
sources. Vegetation and organic matter help 
maintain nutrient reserves at relatively high 
and nearly stable levels. When bottomlands are 
cleared and farmed, not only are nutrients re- 
moved in the crops, but most of the organic 
matter quickly disappears, together with the ni- 
trogen it held. Our research at Stoneville has 
shown a high probability of response from the 
fertilization of plantations or natural regener- 
ation occurring on old fields. Our experience 
also suggests that sites that have never been 
cultivated are less likely to respond to 
fertilizer. 

Species in natural stands more than a few 
years old have been through rigorous competition 
and, by virtue of their survival, are usually 
well adapted to local soil conditions. This may 
not be true in plantations where competition is 
controlled. Off-site and slow-growing planta- 
tions might sometimes be saved by fertilization. 
A better approach, however, is to plant species 
only on sites where they will do well without 
expensive amendments. A measured high site index 
is a good assurance of site adaptability by a 
species. Where site indexes cannot be determined 
directly, soil-site evaluation systems may be 
applied (Baker and Broadfoot 1979, Broadfoot 
1976). 

L n  one of our most successful fertilizer 
trials on old-field cottonwood (Blaclanon 1977a), 
75 +o 600 1b Nlacre resulted in 1.5 to 5 cords/ 
acre of additional standing volume in 2 years' 
growth, With current pulpwood stumpage at less 
than $8/cord, that response would not even pay 
for the cost of the fertilizer. 

Twenty studies cannot answer all the ques- 
tions that might be asked about best rates of 
fertilizer and how to predict where a response 
would occur and its magnitude. Sor do they give 
us the confidence we need to reco~mend Eertili- 
zation. In fact, much of the evidence indicates 
that this expensive practice is unnecessary in 
the bottomland hardwoods except in special cir- 
cumstances. Fertilization of bottomland hard- 
woods certainly remains in the research stage. 
Identifying those special circumstances where 
response will justify investment should be the 
continuing mission for research. 
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INFLUENCE OF VARIOUS ECONOMIC COMPONENTS ON 
l/ 

THE PROFITABILITY OF MIDROTATION FERTILIZATION - 
2/ 

Duane R. Dippon and Kenneth R. ~unson- '  

Abstract.--As a f o r e s t  s tand matures n u t r i e n t s  a r e  
removed from t h e  s o i l  and s tored  i n  t he  standing biomass. 
Over much of t he  l o ~ e r  coas t a l  p l a i n  of t he  southeast  U.S., 
t h i s  o f t en  l eads  t o  midrotat ion de f i c i enc i e s  of s eve ra l  
nu t r i en t s ,  most notably ni trogen and phosphorus. F e r t i l i z a -  
t i o n  a t  t h i s  time f requent ly  r e s u l t s  i n  add i t i ona l  growth. 
This paper i nves t iga t e s  t he  e f f e c t  of various economic 
components on t h e  p r o f i t a b i l i t y  of midrotat ion f e r t i l i z a t i o n  
of s l a s h  pine. Resul t s  show t h a t  p r o f i t a b i l i t y  is s e n s i t i v e  
i n d i r e c t l y  t o  s i t e  types,  and d i r e c t l y  t o  regenerat ion and 
management c o s t s ,  t ax  treatments,  i n t e r e s t  r a t e s  and most 
importantly product type. More o f t en  than not  i t  is  the  
combination of increased growth r a t e  and movement of t h i s  
volume i n t o  higher valued stumpage c l a s s e s  which determines 
whether midrotat ion f e r t i l i z a t i o n  is p ro f i t ab l e .  

INTRODUCTION 

The p r a c t i c a l  cons idera t ion  of any f o r e s t  
f e r t i l i z a t i o n  program is one of p r o f i t a b i l i t y .  
Unless p r o f i t a b l e  by some economic s tandard ,  such 
a s  r a t e  of r e tu rn ,  f o r e s t  f e r t i l i z a t i o n  is  not 
l i k e l y  to be a v i ab l e  management a c t i v i t y .  To 
t h i s  end, Dippon and Shelton (1983) evaluated the  
economics of a s e r i e s  of semimature s l a s h  p ine  
(Pinus e l l i o t i i  var, e l l i o t i i  Engl em) f e r t i l i z a -  
t i o n  t r ia ls  maintained by t h e  Cooperative Research 
In  Fo res t  F e r t i l i z a t i o n  (CRIFF, Universi ty of 
F lor ida)  program. They concluded t h a t  t h e  
p r o f i t a b i l i t y  of a f e r t i l i z e r  t reatment,  a s  
measured by r a t e  of r e tu rn ,  va r i e s  by s o i l  type,  
investment period and t h e  mixture of merchantable 
products. 

A s  w i t h  any economic ana lys i s ,  s eve ra l  
assumptions must be made concerning r e f o r e s t a t i o n  
cos t s ,  annual  management f ee s ,  f e r t i l i z e r  c o s t s  
and t ax  t r ea tmen t s  f o r  various a c t i v i t i e s .  
Assumptions used by f o r e s t  indus t ry ,  where much of 
t h e  f o r e s t  f e r t i l i z a t i o n  has centered,  a r e  o f t en  

I f  Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a z h  Conference, At lanta ,  Georgia, November 
7-8, 1984, 

21 Ass i s t an t  Professor ,  kpa r tmen t  of 
~ o r e s T r y ,  School of Fores t  Resources and 
Conservation, Universi ty of F lor ida ,  Gainesvi l le ,  
F lor ida  32611, and Research Fores ter ,  
I n t e r n a t i o n a l  Paper Company, P. 0. Box 3860, 
Port land,  Oregon 97208, 

not appl icable  (o r  ava i l ab l e )  t o  t he  non- 
i n d u s t r i a l  p r iva t e  f o r e s t  (NIPF) owner. S ince  
over half  of t h e  fo re s t l and  i n  t he  South is  
cont ro l led  by NIPF owners, it seems necessary 
t h a t  procedures a r e  developed t o  a s s i s t  t he se  
owners i n  making f o r e s t  f e r t i l i z a t i o n  dec is ions .  

I n  evalua t ing  f e r t i l i z e r  response d a t a ,  
Dippon and Shelton (1983) poin t  out  t h a t  volume 
growth alone doesn' t  t e l l  t he  whole s to ry .  More 
importantly i s  t h e  change i n  diameter c l a s s  
d i s t r i b u t i o n  within a stand,  s ince  t he  r e l a t i v e  
value of a u n i t  of wood inc reases  with t r e e  
diameter. To improve the  s e n s i t i v i t y  of response 
da t a  ana lys i s ,  Mol l i tor  e t  a l .  (1985, t he se  
proceedings) have developed a mathematical model 
f o r  use i n  evalua t ing  changes i n  diameter 
d i s t r i b u t i o n ,  

The purpose of t h i s  paper is  t o  merge t h e  
model developed by Mol l i tor  e t  a l .  (1985) with 
economic va r i ab l e s  pe r t i nen t  t o  t h e  NIPF owner, 
and i l l u s t r a t e  t h e  inf luence  these  economic 
components exe r t  on p r o f i t a b i l i t y  of f o r e s t  
f e r t i l i z a t i o n .  

APPROACH 

F e r t i l i z e r  response da ta  used i n  t h i s  
a n a l y s i s  were obtained from t r i a l s  e s t ab l i shed  
i n  semimature (15 t o  18 years  of age) s l a s h  p ine  
a s  described i n  d e t a i l  by Mol l i tor  e t  a l .  (1985, 
t he se  proceedings ) . One r ep re sen ta t i ve  t r i a l  
from each of s i x  CRIFF s o i l  groups w i l l  be used 



i n  t he  a n a l y s i s  (Table 1 ) .  A b r ie f  summary of 
t he  CFSLFF s a i l  groups is  presented i n  Table 2; 
more d e t a i l  can be found i n  Kushla and Fisher  
(1980). Modeling of growth response by change 
i n  diameter c l a s s  d i s t r i b u t i o n  was accmpl ished  
using a three-parameter Weibuli p robab i l i t y  
funct ion  described by Mol l i tor  e t  al. (1985, 
these  proceedings). 

Table 1.--CRIFF f e r t i l i z a t i o n  t r i a l s  used f o r  t h e  
economic evalua t ion  of growth response i n  
semimature s l a s h  pine. 

CRIFF 
SOIL 

TEST LOCATION GROUP 

8150 Chatham Go., GA £3 
8202 Wayne Co., GA D 
8219 Baldwin Co., AL E 
8224 Hamilton Co., FL C 
8227 Gulf Co. , FL A 
8230 Madison Co., FL G 

AGE 
AT 

ESTAB . 
DATE 
FERT. 

Economic ana lys i s  of t h e  growth response, 
expressed i n  terms of Present  Value (PV), was 
performed using t h e  following assumptions: 

Regeneration Costs = $L00/acre 
Taxes and Administration = $5lacre 
Nitrogen = $0.35/1b. * 
Phosphorus = $0.7O/Lb.* 
Uninflated Discount Rate = 0.05 

"(Material  p lu s  app l i ca t ion  cos t  ) 

Product Class DBH Range ( in )*  PricelCord** 

Pulpwood 4.51 - 6.5 $32 
Chip-n-saw 6.51 - 10.5 $53 
Sawtimber 1 0 . 5 1 ~  $65 

" (Merchantable volume i n s i d e  bark, 2 i n .  
top)  ** (From mid-1984 i s s u e  of Timber Mart 
South, F lor ida  a r ea )  

Present  Value ca l cu l a t i on  is f o r  t h e  ac re  a t  
t h e  year of f e r t i l i z a t i o n ;  

Assume a l l  t e s t s  were t r e a t e d  i n  t he  same 
ca lendar  year. 

Table 2.--Brief CRIFF s o i l  group de f in i t i ons .  

SOIL MAJOR 
GROUP LAND AREA DRAINAGE INPORTANT FEATURES 

Savannas Very Poor Sandy su r f ace  horizon 
To Poor l e s s  than 20 inches  

deep with clayey s o i l  
below. 

Savannas Very Poor Sandy su r f ace  horizon 
To Poor g r e a t e r  than 20 

inches deep with 
clayey s o i l  below. 

Flatwoods Poor Spodic horizon below 
t h e  su r f ace  horizon, 
clayey s o i l  below t h e  
spodic. 

Flatwoods Poor t o  Spodic horizon below 
Moderate t h e  sur face  horizon, 

sandy s o i l  below t h e  
spodic . 

Uplands Moderate Sandy su r f ace  horizon 
t o  Well l e s s  than 20 inches  

deep, with clayey 
s o i l  below. 

Uplands Moderate Sandy sur face  horizon 
t s  Well g r e a t e r  than 20 

inches deep, with 
clayey s o i l  below. 

Sandh i l l s  Excessive Sandy su r f ace  horizon 
a t  l e a s t  60 inches 
deep, 

Depressions Very Poor High i n  decomposing 
p l an t  residues.  

These assumptions a r e  used i n  t he  Results  s ec t ion  
of t h i s  paper; va r i a t i ons  of s eve ra l  components 
a r e  used i n  t he  S e n s i t i v i t y  Analysis sec t ion .  
Also, t h e  a n a l y s i s  does not cons ider  land 
acqu i s i t i on  cos t s .  

The p r i n c i p a l  shortcoming of t h i s  procedure 
is  t h a t  t h e  growth response p red ic t i ons  a r e  based 
on only t h r e e  da ta  poin ts :  3, 5, and 8 years  
a f t e r  t reatment.  A more confident  es t imate  of 
dura t ion  and magnitude of response would be 
poss ib l e  with annual measurements f o r  10  t o  15 
years a f t e r  t reatment.  A s  it is though, we can 
still examine how time a f f e c t s  t h e  f e r t i l i z e r  
investment r e a l i z i n g  t h a t  ex t rapola t ions  beyond 
the  8 th  year r e s u l t s  a r e  somewhat r i sky .  

RESULTS 

The r e a l  i s s u e  here i s  not simply whether 
f o r e s t  f e r t i l i z a t i o n  pays, but r a t h e r  how we 
should analyze t h i s  a c t i v i t y  so  a s  t o  maximize 
p r o f i t s .  The response of a s tand t o  
f e r t i l i z a t i o n  depends on s i t e ,  s tand age and 
dens i ty ,  f e r t i l i z e r  ma te r i a l  appl ied  and time. 
From an economic standpoint  it is  necessary t o  
evalua te  t h e  magnitude and dura t ion  of increased  
growth and the  na ture  of t h a t  growth ( i .e . ,  i n t o  
which product c l a s s e s  t h e  growth occurs)  r e l a t i v e  
t o  regenera t ion  and annual management c o s t s ,  c o s t  
of f e r t i l i z a t i o n ,  i n t e r e s t  r a t e s ,  stumpage p r i c e s  
and tax treatments,  The assumptions used i n  t h i s  
s ec t ion  of t h e  paper were presented e a r l i e r .  



O f  the  b io log ica l  f a c t o r s  mentioned above, 
site t y p e  is the  most important component 
af f e e t  l ng  growth response (assuming an adequately 
s t o c k e d  stand e x i s t s  on t h e  s i t e ) .  For t h i s  
reason t h e  r e s u l t s  of cur  ana lys i s  w i l l  be 
ca t ego r i zed  according t o  t h e  CRLFF s o i l  groups. 
For each group, with t he  exception of F and ti, 
t h r e e  f i gu re s  w i l l  be presented from a s ing le  
test w i t h i n  each s o i l  group. The f i r s t  f i g u r e  
w i l l  csmpare t h e  t o t a l  volume per ac re  f o r  fou r  
t r ea tmen t s :  con t ro l  (non-f e r t i l i z e d )  , 200 l b s  
N/acre ,  200 1bs Placre ,  and 200 l b s  N + 100 l b s  
P l a c r e *  The second f i g u r e  compares t h e  present  
v a l u e l a c r e  of each treatment up t o  10  years a f t e r  
t r ea tmen t .  The t h i r d  f i g u r e  shows t h e  change i n  
volume by product c l a s s  f o r  t he  con t ro l  and N + P 
t r ea tmen t  i n  t he  t h i r d ,  f i f t h  and e ighth  year 
a f t e r  t reatment.  

The  ana lys i s  f o r  s o i l  group A is presented 
i n  F i g u r e s  l - A ,  €3 and C. The addi t ion  of N 
caused a s l i g h t  l i n e a r  increase  i n  growth, 
whereas P r e su l t ed  i n  t h e  primary, non-linear 
growth response, The p r o f i t a b i l i t y  of f e r t i l i -  
z a t i o n  i n  t h i s  case  i s  c l e a r :  no f e r t i l i z e r  o r  
t he  a d d i t i o n  of N a lone  d id  not produce a 
merchantable stand.  I n  c o n t r a s t ,  add i t i on  of N + 
P o r  P alone r e su l t ed  i n  an increase  i n  PV above 
zero,  a l though t h i s  d id  not  occur u n t i l  7-8 years  
a f t e r  t rea tment .  The PV of t he  l a t t e r  two 
t r e a t m e n t s  i s  st i l l  increas ing  a f t e r  10  years.  
The v a l u e  increase  is  due t o  g rea t e r  volume i n  
t h e  p u l p  and chip-n-saw product. The non- 
f e r t i l i z e d  treatment had no volume i n  diameter 
c l a s s e s  g rea t e r  than 6 inches.  Obviously, 
f e r t i l i z a t i o n  with N + P o r  P is  e s s e n t i a l  t o  
product ion  of a merchantable stand on these  s o i l s .  
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The evalua t ion  f o r  s o i l  group B is  presented 
i n  F i g u r e s  2-A, B and C. The volume peak a t  age 
23-24 i s  presumably an a r t i f a c t  of having only 
t h r e e  r e a l  da t a  p o i n t s  a t  2, 5 and 8 years  a f t e r  
t rea tment .  One would expect t h a t ,  on these  s o i l s  'v'OLUME BY PRODUCT CLASS 
and w i t h  t h e  given t rea tments ,  volume growth TEST 8227 - CONTROL VS. TRWED 200/100 

should s t i l l  be i nc reas ing  but a t  a slower r a t e  
than t h e  f i r s t  5-6 yea r s  a f t e r  t reatment.  Taking 
t h e  model p red i c t i ons  a t  f ace  value, however, 
s u g g e s t s  t h a t  t h e  maximum PV was a t t a i n e d  by N o r  
N + P 7-8 years  a f t e r  t reatment.  No treatment 
was more p r o f i t a b l e  than t h e  con t ro l  u n t i l  a f t e r  
5 y e a r s  following treatment.  The p r o f i t a b i l i t y  
was d u e  t o  a gradual  i nc rease  i n  chip-n-saw and 
sawtimber products. 

The ana lys i s  of s o i l  group C is  presented i n  
F igu re s  3-4, B and C. Tota l  volume/acre 
i nc reased  l i n e a r l y  f o r  a l l  t reatments,  with N 
showing g r e a t e r  importance than P. A l l  
N-treatments were p r o f i t a b l e  by 4-5 years a f t e r  

16C 1 6 T  18C 1BT 21C 2 1 T  
a p p l i c a t i o n ,  with t h e  r a t e  of i nc rease  decreasing 

STAND AGE 
with t ime.  Although volume growth was g rea t e s t  a PULP a CNS ~ W ~ M E E R  

with N + P together ,  t h e  most p r o f i t a b l e  
t r ea tmen t  was N alone.  The increase  i n  value was 
l a r g e l y  a r e s u l t  of volume growth i n  t h e  Figure 1.--(A) Tota l  volume per acre ,  (B) present  
chip-n-saw product c l a s s .  Considering t h e  r i s k  value, and (C) volume by product c l a s s  f o r  Test  
involved ,  f e r t i l i z i n g  C-group s o i l s  w i t h  P alone 8227, CRIFF s o i l  group A. 
would n o t  be a good investment dec is ion ,  
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Figure 2.--(A) Total  volume per  acre ,  ( 8 )  present  
value, and ( C )  volume by product c l a s s  f o r  Test  
8150, CRIFF s o i l  group B. 
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value, and ( C )  volume by product c l a s s  f o r  Tes t  
8224, RIFF s o i l  group 6. 



The evalua t ion  of s o i l  group D i s  
i l l u s t r a t e d  i n  Figures 4-44, 3 and C. Volume 
growth  increased s imi l a r ly  f o r  t h e  N and P 
t r e a t m e n t s ,  but s l i g h t l y  more than doubled f o r  
t h e  N + P "ceatment r e l a t i v e  t o  t h e  cont ro l .  The 
combined increase  i n  both volume and product 
value made t h e  N + P t reatment t h e  most 
p r o f i t a b l e  a t  an e a r l i e r  age as well  a s  i n  
a b s o l u t e  value. I n  t h i s  case  i t  appears tha! 
f e r t i l i z a t i o n  with N c P i s  tne only treatment 
with p rospec t s  f o r  a good payoff. 

The s o i l  group E ana lys i s  is presented i n  
F i g u r e s  5-4, 8 and C. The N and M + P t reatment 
showed a  pos i t i ve  and more o r  l e s s  l i n e a r  volume 
r e sponse  r e l a t i v e  t o  t he  con t ro l  and P-only 
a d d i t i o n .  @ s p i t e  t h i s  pos i t i ve  growth response, 
t h e  f e r t i l i z e r  t rea tments  were not a s  p r o f i t a b l e  
a s  t h e  con t ro l  a s  of t he  8th-year measurement. 
The model  sugges ts  ( a s  shown i n  5-B), however, 
t h a t  t h e  value of t h e  N + P treatment is 
i n c r e a s i n g  a t  a  g r e a t e r  r a t e  than t h e  o t h e r  
t r ea tmen t s .  The s l i g h t  increase  i n  value is due 
e x c l u s i v e l y  t o  growth i n  t h e  chip-n-saw product 
c l a s s ,  In  any event ,  an investment i n  f e r t i l i z e r  
f o r  this example would be a  gamble; c e r t a i n l y  
with P only it would be a  los ing  proposit ion.  

The  model p ro j ec t ions  f o r  s o i l  group G 
( F i g u r e s  6-A, 8 and C )  show a pos i t i ve ,  
non- l inear  response t o  a l l  f e r t i l i z e r  t rea tments  
compared t o  t h e  cont ro l .  Based on growth 
r e sponse  alone,  one might i n i t i a l l y  specula te  
t h a t  a n y  f e r t i l i z e r  addi t ion  t o  these  s o i l s  is a  
good investment.  The PV comparison, however, 
t e l l s  a  d i f f e r e n t  s to ry .  I n  t h i s  example, t h e  
value of a  22-year o ld  s tand  of s l a s h  p ine  is 
zero a n d  any f u r t h e r  c a p i t a l  input  only lowers 
t h e  PV. The obvious conclusion i s  t h a t  s l a s h  
p ine  i s  o f f - s i t e  on G-group s o i l s .  

These r e s u l t s  i l l u s t r a t e  t h e  va r i a t i on  i n  
volume growth and PV f o r  f e r t i l i z e d  and non- 
f e r t i l i z e d  s tands  on s i x  d i f f e r e n t  s i t e  types ,  
O f  f u r t h e r  i n t e r e s t  i s  t h e  s e n s i t i v i t y  of an 
economic ana lys i s  t o  changes i n  some bas i c  
economic assumptions. This w i l l  be t h e  t op i c  of 
t h e  fo l lowing  sec t ion ,  

SENSITIVITY ANALYSIS 

Any f o r e s t  f e r t i l i z a t i o n  investment has 
r i sk .  For t he  A and B group s o i i s  (wet 
savannas) ,  a  dec is ion  t o  f e r t i l i z e  has r e l a t i v e l y  
l i t t le  r i s k  r e l a t i v e  t o  increased value over a 
non- fe r t i l i z ed  stand.  S imi lar ly ,  a dec is ion  not 
t o  f e r t i l i z e  a G group s o i l  (dry s andh i l l s )  has a 
low r i s k  f a c t o r  s ince  few s t u d i e s  on these  s i t e s  
have r epo r t ed  s i g n i f i c a n t  growth responses, The 
c h a l l e n g e  l i e s  i n  p red i c t i ng  t h e  p r o f i t a b i l i t y  of 
f e r t i l i z e r  add i t i ons  t o  t h e  C, D, E and F s o i l  
groups where r e l a t i v e  volume response t o  
f e r t i l i z e r  app l i ca t ion  is more var iable  than f o r  
t he  o t h e r  s o i l  groups. 
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Figure 4,--(A) Tota l  volume per ac re ,  (B) present  
value, and ( C )  volume by product e l a s s  f o r  Test  
8202, R I F F  s o i l  group D. 



TOTAL VOLUME PER ACRE 
2.8 

fESf 8219 

2.7 

2.6 

2.5 

2.4 

2.3 

2.2 

2.1 

2 

1.9 

1.8 

1.7 

1.6 

1 .S 

1.4 

1.3 
18 19 20 21 22 23 24 2s 

STAND AGE 
e OrJ/OP + 200/0 * O/fOO A 200/100 

PRESENT VALUE/AGE OF TREATMENT 
300 

E S T  B219 

1 

40 f I I I I I I I 
1 8  19 20 21 22 23 24 25 

STAND ACE 
ON/OP + 200/0 0 0/100 A 200/100 

VOLUME BY PRODUCT CLASS 
TEST 82 1 9  - CONTROL VS. TREATED 2 0 0 / 1 0 0  

lac  1 . s ~  zoc 2 0 1  2 3 ~  2 3 ~  

STAND AGE a PdLP [53 CNS SAWiMBER 

Figure 5,--(A) Tota l  volume per  acre ,  ( B )  p resent  
value, and ( C )  volume by product e l a s s  fo r  Test  
B2l9, CRIFF s o i l  group E. 
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value, and (C) volume by product c l a s s  f o r  Tes t  
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As mentioned e a r l i e r ,  growth response must 
be e v a l u a t e d  along with varsous economic 
components i n  order t o  a s se s s  t he  p o t e n t i a l  
p r o f i t a b i l i t y  of f e r t i l i z a t i o n .  Forest  indus t ry  
has financial cons idera t ions  q u i t e  d i f f e r e n t  than 
those  of t h e  NlPF owner. The purpose of t h i s  
s e n s i t i v i t y  ana lys i s  is t o  i l l u s t r a t e  t he  
i n f l u e n c e  t h a t  regenerat ion and management c o s t s ,  
i n t e r e s t  r a t e s ,  tax  treatment and product type 
have ari t he  value of a f e r t i l i z e d  and 
non- fe r t i l i z ed  stand.  Data from the  8202 Test 
( T a b l e  11, which is i n  soil.  group D, w i l l  be used 
i n  t h i s  ana lys is .  

The f i r s t  s t ep  i s  t o  consider t he  d i f f e r ence  
i n  volume growth between the  con t ro l  and the  
t h r e e  f e r t i l i z e r  t rea tments  (N, P, N + P) . 
F i g u r e  7 shows t h a t  a t ,  f o r  example, age 24 t h e  M 
and P treatments increased volume nearly 200 
cubic  f e e t ,  while N + P produced roughly 500 
cubic  f e e t  more than the  cont ro l .  

DIFFERENCE IN VOL/ACRE ACCUMUMTION 
TEST 8202 

I I I 1 I I I 
1 0  20 21 22 23 24 25 2% 

STAND ACE 
n 0/0 k 200/0 + o/o & O/lOO 0 0/0 & 200/100 

F i g u r e  7.--Difference i n  volume per  ac re  
accumulation between t h e  con t ro l  and f e r t i l i z e d  
s t a n d .  0/0 = con t ro l ,  0/100 = 100 l b s  P lacre ,  
200/0 = 200 l b s  N/acre, 200/100 = 200 l b s  N + 
100 l b s  P/acre. 

The next s t e p  i s  t o  es t imate  t h e  d i f f e r ence  
i n  PV between the  con t ro l  and t r ea t ed  condit ion.  
To make t h i s  comparison we used the  c o s t  and 
p r i c e  assumptions presented e a r l i e r .  Figure 8 
i l l u s t r a t e s  t h a t  e i t h e r  of t h e  t h ree  f e r t i l i z e r  
t r ea tmen t s  increased PV, but t h a t  N + P was 
s u p e r i o r  f o r  two reasons,  F i r s t ,  a p o s i t i v e  PV 
is achieved a t  an e a r l i e r  age and, second, t he  
value is  increas ing  a t  a f a s t e r  r a t e  than e i t h e r  
t h e  P o r  N t reatments.  

S i n c e  regenera t ion  and annual management 
c o s t s  vary, i t  i s  informative t o  consider t he  
s e n s i t i v i t y  o f  a PV es t imate  t o  changes i n  these  
cos t s .  For t h i s  purpose we have se lec ted  th ree  
r e a l i s t i c  regenerat ion/annual  management cos t  
s cena r io s  of $120/$6, $100/$5 and $80/$4. 

DIFFERENCE IN PNW/ACRE ACCUMUUTION 
TEST 8202 
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Figure 8.--Difference i n  present  value between 
t h e  con t ro l  and f e r t i l i z e d  stand. Symbols 
r e f e r  t o  treatments a s  i n  Figure 7. 

Figure 9-A shows the  change i n  PV of a non- 
f e r t i l i z e d  stand under t he  t h ree  c o s t  
assumptions. Important t o  note i s  t h a t  t h e  PV 
curves a r e  para l le l '  and peak near t h e  24th year.  
Figure 9-8 shows t h e  PV change i f  t h e  s tand  were 
f e r t i l i z e d  with 200 l b s  N and 100 l b s  P, The 
curves a r e  a l s o  p a r a l l e l ,  but s t i l l  cl imbing 10  
years  a f t e r  t reatment.  In  t h i s  case,  f e r t i l i -  
za t ion  enhanced and lengthened the  economic l i f e  
of t he  stand.  This a l s o  i l l u s t r a t e s  t h e  time 
value of money; reducing regenerat ion c o s t s  by 
$20/acre can y i e ld  increased p r o f i t s  of $75+ a t  
harvest .  

The inf luence  of i n t e r e s t  r a t e ,  o r  discount 
f a c t o r ,  on t h e  PV of a non-fer t i l ized  (Figure  
1 0 4 )  and f e r t i l i z e d  stand (Figure 10-B) f u r t h e r  
i l l u s t r a t e s  t h e  time value of money. There a r e  
s eve ra l  poin ts  of i n t e r e s t  i n  common t o  both 
f i gu re s .  F i r s t ,  t h e  curves a r e  d iverg ing  with 
t h e  PV d i f f e r e n t i a l  increas ing  with time. 
Second, a s  t h e  discount f a c t o r  i nc reases ,  t h e  
curves peak a t  an e a r l i e r  age. Third, t h e r e  is  a 
s u b s t a n t i a l  d i f f e r ence  i n  PV depending on t h e  
discount f a c t o r  se lec ted  f o r  t he  ana lys i s .  A 
comparison of Figures 10-A and B shows t h a t  
f e r t i l i z a t i o n  moves t h e  peak of t h e  curve roughly 
2 years  l a t e r .  Addit ionally,  t he  change i n  PV 
due t o  f e r t i l i z a t i o n  was inve r se ly  r e l a t e d  t o  t h e  
discount f ac to r .  

Figure 10-8 i n d i c a t e s  t h a t  t he  i n t e r v a l  
between f e r t i l i z e r  app l i ca t ion  and harves t  age is 
shortened a s  t h e  discount f a c t o r  increases .  This 
is an important cons idera t ion  when deciding on a 
time t o  f e r t i l i z e  r e l a t i v e  t o  a predetermined 
harvest  age, This ana lys i s  shows t h a t  a PV 
ca l cu l a t i on  is  q u i t e  s e n s i t i v e  t o  t h e  d iscount  
f a c t o r  assumption. 



CHANGES fN COST ASSUMPTIONS 
940 

EST BE02 - & O m a t  

300 

280 

2630 . 
19 20 21 22 23 24 25 26 

83 $120/$6 
STAND ACE + $lco/ts $ao/t4 

CHANGES IN COST ASSUMPTIONS 
650 

TEST 8202 - TRUE0 200/100 

I 

200 
1% 20 21 22 25 24 25 26 

$120/$6 
STANO AGE + $lOO/$s $80/$4 

Figure 9.--Influence of c o s t  assumptions on t h e  
present  value of an ( A )  non-fer t i l ized  stand 
and (B) f e r t i l i z e d  stand t r ea t ed  with 200 l b s  N 
and 100 l b s  P per  acre.  Cost f i g u r e s  i n d i c a t e  
regenerat ion/annual  adminis t ra t ion  assumptions. 

The e f f e c t  of t axa t ion  on a f e r t i l i z e r  
investment is  shown i n  Figure 11. In  t h i s  
example, t axes  were paid on 40% of t h e  p r o f i t  
( c a p i t a l  ga ins)  and a 50 percent tax  bracket was 
assumed. The fou r  curves represent  t h e  con t ro l  
and f e r t i l i z e d  (200 l b s  N + 100 l b s  P) before-tax 
values and t h e  af te r - tax  value of t h e  f e r t i l i z e d  
s tand with t h e  f e r t i l i z e r  cap i t a l i zed  o r  
expensed. Three years  a f t e r  f e r t i l i z a t i s n  (stand 
age 16) t h e  con t ro l  was t h e  most p r o f i t a b l e  
investment. By age 21, t h e  f e r t i l i z e d  s tand,  
regardless  of tax t reatment,  was more valuable 
and peaked a t  a l a t e r  age r e l a t i v e  t o  t he  
cont ro l .  Ignoring the  con t ro l ,  t h e  before-tax 
curve converges with t h e  af te r - tax  cap i t a l i zed  
curve a t  age 24, Thus, t h e  benef i t  of 
c a p i t a l i z i n g  t h e  f e r t i l i z e r  is  diminishing with 
time, The a f t e r - t ax  expensed curve i s  
s i g n i f i c a n t l y  higher ( g r e a t e r  PV) and l a t e r  
peaking than t h e  l a t t e r  two curves. Therefore, 

EFFECT OF INTEREST RATES 
900 ' 
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EFFECT OF INTEREST RATES 
TEST 8202 - TREATED 150/100 

STANO AGE 
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Figure 10.--Effect of i n t e r e s t  r a t e s  on t h e  
preSent value of an ( A )  non-fer t i l ized  s tand 
and (B)  f e r t i l i z e d  stand t r ea t ed  with 150 l b s  N 
and 100 l b s  P per  acre.  Symbols r e f e r  t o  
i n t e r e s t  r a t e s  (2,  5 and 8%). 

expensing f e r t i l i z e r  c o s t s  has t h e  c l e a r  
advantage over c a p i t a l i z a t i o n .  

O f  key i n t e r e s t  i n  t h i s  ana lys i s  is  t h e  
s e n s i t i v i t y  of PV t o  changes i n  product type  and 
associa ted  values. No attempt is made t o  vary 
product p r i c e s  per  s e ,  but r a t h e r  t o  show t h e  
h p o r t a n c e  of mrchandis ing  the  products, Figure 
1 2  i l l u s t r a t e s  t h e  change i n  PV f o r  a f e r t i l i z e d  
and non-fer t i l ized  stand under t he  two marketing 
s t r a t e g i e s .  Two important i n t e r p r e t a t i o n s  can be 
made. F i r s t ,  f e r t i l i z i n g  t h i s  s tand and valuing 
t h e  volume a s  pulpwood would be less p r o f i t a b l e  
than not f e r t i l i z i n g  a t  a l l .  Second, i f  t h e  
s tand  is f e r t i l i z e d ,  t h e  products  must be 
merchandized i n  order t o  take  f u l l  advantage of 
t h e  p r o f i t  po t en t i a l .  Thus, i f  an NfPF owner 
chooses t o  p rac t i ce  f o r e s t  f e r t i l i z a t i o n ,  then  
p lans  should a l s o  be made f o r  knowledgeable 
marketing of t he  wood products. 



CONCLUSION 
EFFECT OF TAXATION 

TEST 8202 - CONTROL VS. TRWED 200/100 

STAND AGE 
8 W 1 6  + ATCV16 0 ATEVl6 A BN16 - Far t l l l zed  - Contro l  

Figure 11.--Effect of  t a x  treatment on t h e  
p r e s e n t  value of a non-fer t i l ized  and 
f e r t i l i z e d  (200 l b s  N and 100 l b s  P per  ac re )  
s t and*  BTV16 = before t a x  value a t  age 16, 
ATCV16 = a f t e r  t ax  value a t  age 16  with 
f e r t i l i z e r  c a p i t a l i z e d ,  ATEV16 = a f t e r  t ax  
value a t  age 16  with f e r t i l i z e r  expensed. 

EFFECT OF CHANGES IN PRODUCT TYPES 
TEST 8202 - CONTROL VS. TRWTED 200/100 
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Figure 12.--Effect of merchandising on the  
p r e s e n t  value of a non-fer t i l ized  and 
f e r t i l i z e d  (200 l b s  N and 100 l b s  P per  ac re )  
s t a n d ,  A l l  Prod = a l l  products  merchandised, 
Pulp = volume pr iced  a s  pulpwood. 

A decxsion t o  engage i n  f o r e s t  f e r t i l i z a t i o n  
is  a dynamic process. It should incorpora te  t h e  
bes t  b io log ica l  information avai lab le  a long with 
p r a c t i c a l  economic assumptions p a r t i c u l a r  t o  an 
indiv idual  landowner. Forest  industry is dr iven  
by unique economic condi t ions  q u i t e  un l ike  those  
of an NIPF owner. For t h i s  reason, NIPF owners 
must be informed of t h e  b io log ica l  and economic 
f a c t o r s  which inf luence  the  p r o f i t a b i l i t y  of a 
f o r e s t  f e r t i l i z a t i o n  investment. 

A t  t h e  present  time, we must re ly  on t h e  
b io log ica l  da t a  we have i n  hand. One component 
of t h i s  paper is t o  use t he  mathematical model 
described by Mol l i tor  e t  a l .  (1985, t he se  
proceedings) t o  b e t t e r  describe changes i n  t r e e  
diameter c l a s s  i n  response t o  f e r t i l i z e r  
addi t ion .  The primary t h r u s t  of t h i s  paper is t o  
i l l u s t r a t e  how t h e  present  value of a s t and  can 
be influenced by f e r t i l i z a t i o n  a s  well a s  some 
key economic components. 

When predic t ing  present  value, it appears 
t h a t  t h e  discount f a c t o r  assumption has  t h e  
q r e a t e s t  inf luence  on the  PV est imate.  Based on 
t h e  example i n  t h i s  paper, t h e  bottom l i n e  on 
p r o f i t a b i l i t y  l i e s  with merchandising of t h e  
products. While many ind iv idua l s  a l ready have an 
understanding of t h i s  c r i t i c a l  poin t ,  we suspect  
t h a t  many do not. For t h i s  reason i t  is 
necessary t h a t  NIPF owner education e f f o r t s  
emphasize t he  value of sound f o r e s t  management 
and marketing s t r a t e g i e s .  Increasing NIPF owner 
p r o f i t s  may well  provide an incent ive  t o  r e i n v e s t  
i n  fo re s t ry .  
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FERTILIZER PLACEMENT IN YOUNG SLASH PINE PLANTATIONS 1' 
21 A, V ,  Flollitor and Pa. B. Comerford - 

Abstract.--In 1971 and 1973 the Cooperative Research in 
Forest Fertilization (CRIFF) program established one experi- 
menl: in iiJayne County, Georgia and one in Franklin County, 
Florida to compare five fertilizer application techniques for 
newly planted slash pine. Placement techniques were : ( 1) 
broadcast after planting, (2) broadcast before bedding, (3) 
band before bedding, (4) band after planting, and (5) spot 
treatment of individual seedlings. Fertilizers used were (1) 
control, (2) concentrated super phosphate, and (3) diamonium 
phosphate. After ten years, both sites had demonstrated 
phosphorus responses but little difference in response due to 
fertilizer placement or material. These studies suggest that 
foresters have many options available when developing a phos- 
phorus fertilization program for young slash pine planta- 
tions. 

INTRODUCTION 

Dramatic response of young slash pine (Pinus 
elliottii var. elliottii) plantations to phosphor- 
us (P) fertilization was observed on wet flats in 
western Florida in the late 1950% and early 
1960%. Tke magnitude of these responses stimu- 
lated much interest in the use of P fertilization 
as a standard silvicultural treatment. It was 
soon determined that although many sites respond 
favorably to P, the resonse was not always as dra- 
matic as on the coastal savannas. Aiming to de- 
velop forest fertilization technology to the point 
that it would enhance fiber production on a wide 
variety of sites, the cooperative Research in For- 
est Fertilization (CRIFF) program at the Univer- 
sity of Florida initiated several series of exper- 
iments designed to examine various aspects of 
young stand fertilization, including: 

-Application rates for N and P, 
-Micronutrient fertilization, 
-Potassium fertilization, 
-Site preparation interactions, 
-N and P sources, 
-Species interactions, and 
-Application timing. 

Iipaper presented at Southern Silvicultural 
Research Conference, Atlanta, GA, November 7-8, 
1984- 
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One other question about time-of-planting fertili- 
zation concerned application technique. Where is 
the best place to apply fertilizers in a new slash 
pine plantation? Should the material be broadcast 
or banded, or should it be applied to individual 
seedlings? Should it be applied to the surface or 
incorporated into beds? 

METHODS 

TWQ experiments were installed to study fert- 
ilizer placement in young slash pine plantations: 

Date 
Test bcation Soil Subgroup Planted 

KO01 Wayne Go. GA Arenic Paleaquult 02/7 1 
KO03 Franklin Co. FL Arenic Haplohumod 12/72 

At each location, placement and fertilizer treat- 
ments were applied in a split-plot design with 
four randomized blocks. Five placement treatments 
were applied to main plots as follows: 

A. Fertilizers broadcast soon after 
planting, 

B. Fertilizers broadcast just prior to 
bedding, 

C. Apply in 4-foot bands just prior to 
bedding, 

D. Apply in 4-foot bands soon after 
planting, 

E, Spot-treat individual seedlings. 



The G e o c g i a  s i t e  ( K O O i ) ,  was bedded i n  September, 
1970. At the  F l o r i d a  s i t e  (K003), t h e  i n i t i a l  
f e r t i l i z a t i o n  was conducted i n  October, 1972 and 
t h e  s e c o n d  f e r t i l i z i a t i o n  i n  January,  1973. Three 
f e r t i l i z e r  t rea tments  were a p p l i e d  t o  s u b p l o t s :  

1. Control ,  
2. Concentrated superphosphate (CSP),  and 
3. Diamonium phosphate (DAP), 

k t e s  w e r e  a d j u s t e d  t o  e q u a l i z e  t o t a l  per-acre 
a p p l i c a t ; i o n  r a t e s  f o r  a l l  t r ea tments .  Both CSP 
and DAP t rea tments  suppl ied  40 I b ,  P per  a c r e .  
DAP a l s a  supplied 36 I b .  N per  a c r e .  

T r e e  h e i g h t s  and d iameters  were measured 8 
and 10 y e a r s  a f t e r  t rea tment .  Tota l  outs ide-bark 
stem volumes t o  a  3-inch t o p  were c a l c u l a t e d  us ing  
t h e  f o r m u l a  of Bennett e t  a l .  (1959). Treatment 
e f f e c t s  were determined by a n a l y s i s  of var iance  
and Duncan's  m u l t i p l e  range t e s t  (Freund and Lit-  
t e l l  1 9 8 1 ) .  

RESULTS 

Analyses  of v a r i a n c e  showed t h a t ,  f o r  both 
e x p e r i m e n t s ,  t h e r e  were no s i g n i f i c a n t  i n t e r a c -  
t i o n s  between placement and f e r t i l i z e r  t rea tments .  
It is t h e r e f o r e  a p p r o p r i a t e  t o  examine t h e s e  two 
e f f e c t s  independently.  

F e r t i l i z a t i o n  E f f e c t s  

F e r t i l i z a t i o n  had s i g n i f i c a n t  e f f e c t s  on bo th  
mean t ree he igh t  (F ig .  1)  and t o t a l  s t a n d  volume 
(Fig.  2) i n  both t e s t s .  There were no s i g n i f i c a n t  
d i f f e r e n c e s  be tween  r e s p o n s e s  t o  CSP and DAP. 
Average h e i g h t  response a f t e r  10 years  was about  2 
f e e t  a t  t h e  Georgia s i t e ,  and about  7 f e e t  a t  t h e  
F l o r i d a  s i t e .  Volume response was about  250 cubic  
f e e t  p e r  a c r e  (22%) ,  and about  325 c u b i c  f e e t  per  
a c r e  (360%)  a t  t h e  Georgia and F l o r i d a  s i t e s ,  re-  
spec  t i v e l  y  . 

Placement E f f e c t s  

E f f e c t s  of f e r t i l i z e r  placement were minimal. 
Af te r  10 y e a r s ,  t h e  F l o r i d a  s i t e  showed no s i g n i f -  
i c a n t  placement e f f e c t s  on e i t h e r  he igh t  o r  vol- 
ume. 

At t h e  G e o r g i a  s i t e ,  t r e e s  on p l o t s  where 
f e r t i l i z e r s  were broadcas t  a f t e r  p l a n t i n g  were 
s i g n i f i c a n t l y  t a l l e r  than  t r e e s  on o t h e r  p l o t s  by 
1 f o o t  (F ig .  3).  I n  t h e  same experiment ,  t en th-  
year  t o t a l  volume on p l o t s  where f e r t i l i z e r s  were 
broadcas t  a f t e r  p l a n t i n g ,  banded before  bedding, 
o r  banded a f t e r  p l a n t i n g  averaged 1370 c u b i c  f e e t  
per  a c r e ,  while  volume on p l o t s  where f e r t i l i z e r s  
were broadcs  t be£ o r e  bedding o r  spo t-placed aver- 
aged 1247 cubic  f e e t  per  a c r e  (Fig.  4 ) .  Stocking 
r a t e  was f a i r l y  c o n s i s t e n t  f o r  a l l  placement 
t r e a t m e n t s  wi th  an  average of 525 stems per  a c r e .  

FERTlkiZATiON EFFECTS - HEbGHT 
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Figure 1 .--Effect of f e r t i l i z e r  t re tament  on mean 
t r e e  h e i g h t  a t  t h e  Georgia (K001) and F l o r i d a  
(K003) s i t e s ,  Bars wi th  d i f f e r e n t  l e t t e r s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.1 l e v e l  f o r  
tenth-year  measurements, 

FERTILIZATION EFFECTS - VOLUME 
1.5 , KO01 K O 0 3  

t 

CONT CSP DAP CGNT CSP DAP 

FERTILIZATION TREATMENT a rS YEARS 10 YEARS 

Figure 2,--Effect of f e r t i l i z e r  t r e a t m e n t s  on 
t o t a l  s t a n d  volume a t  t h e  Georgia (R001) and 
F l o r i d a  (K003) s i t e s .  Bars with d i f f e r e n t  l e t -  
t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0 1 1  
l e v e l  f o r  tenth-year  measurements. 

DISCUSSION 

It has o f t e n  been suggested t h a t  by p l a c i n g  
f e r t i l i z e r  c l o s e  t o  young s e e d l i n g s ,  e i t h e r  by 
banding o r  s p o t  placement, they w i l l  b e n e f i t  from 
t h e  ready a v a i l a b i l i t y  of h igher  n u t r i e n t  concen- 
t r a t i o n s  and g a i n  an e a r l y  advantage over  compe- 
t i n g  v e g e t a t i o n ,  It has a l s o  been sugges ted  t h a t  
t h e s e  e f f e c t s  may be enhanced by i n c o r p o r a t i n g  
f e r t i l i z e r s  i n t o  beds r a t h e r  than b r o a d c a s t i n g  
them on t h e  s o i l  s u r f a c e .  These s t u d i e s  i n d i c a t e  
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Figure 3.--Effect of f e r t i l i z e r  placement on mean 
t r e e  h e i g h t  a t  t h e  Georgia (K001) and F l o r i d a  
(K003) s i t e s .  Bars w i t h  d i f f e r e n t  l e t t e s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.1 l e v e l  f o r  
tenth-year  measurements. BR A = broadcas t  
a f t e r  p l a n t i n g ,  BR B = broadczs t  before  bed- 
d i n g ,  BN-B = band T e f o r e  bedding, BN - A = band 
a f t e r  p l a n t i n g ,  SPOT = s p o t  placement. 

PLACEMENT EFFECTS - VOLUME 
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Figure 4.--Effect of f e r t i l i z e r  placement on t o t a l  
s t a n d  volume a t  t h e  Georgia (K001) and F l o r i d a  
(R003) s i t e s ,  Bars wi th  d i f f e r e n t  l e t t e r s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.1 l e v e l  f o r  
t enth-year  measurements, BR-A = broadcas t  a f -  
t e r  p l a n t i n g ,  BR B = broadcas t  before  bedding, 
B l j  B = band bef&e bedding, B V  = band a f t e r  

SPOT = s p o t  placement. 

t h a t  f e r t i l i z e r  placement is  of l i t t l e  importance 
when f e r t i l i z i n g  young s l a s h  pine p l a n t a t i o n s ,  
One s tudy  ( t h e  F l o r i d a  s i t e )  showed no s i g n i f i c a n t  
growth d i f f e r e n c e s  among placement t echniques ,  and 
while  t h e  o t h e r  ( G o r g i a )  s i t e  had s i g n i f i c a n t  
d i f f e r e n c e s  among placement t rea tments ,  t h e  magni- 
tude of t h e s e  d i f f e r e n c e s  was on ly  about 125 c u b i c  
f e e t  per  a c r e  a t  t e n  years .  It appears  t h a t  i n  
young, mechanical ly s i t e -prepared ,  s l a s h  p ine  
p l a n t a t i o n s ,  e i t h e r  only low q u a n t i t i e s  of added P 
a r e  needed f o r  e a r l y  response ,  o r  t h a t  young seed- 
l i n g  r o o t  systems e x p l o i t  l a r g e r  s o i l  volumes than  
g e n e r a l l y  r e a l i z e d .  

Many experiments  have been conducted t o  com- 
pare  response t o  P-only wi th  response t o  N-plus-P. 
R e s u l t s  have been v a r i a b l e ,  b u t  most o f t e n ,  a s  i n  
t h e  s t u d i e s  repor ted  h e r e ,  response t o  t h e  two 
t rea tment  types  have been about  equa l .  It is  of- 
t e n  thought t h a t  competing v e g e t a t i o n  responds 
more r a p i d l y  t o  added N than  do t h e  pines.  Anoth- 
e r  hypothes i s  i s  t h a t  N r e l e a s e d  from decomposing 
logging s l a s h  and f o r e s t  f l o o r  m a t e r i a l  incorpora-  
t e d  i n t o  beds i s  adequate f o r  t h e  needs of young 
s l a s h  pine.  Resu l t s  from a s e r i e s  of CRIFF ex- 
periments  (N s e r i e s )  show t h a t  t h e  t iming of f e r t -  
i l i z e r  a p p l i c a t i o n  i s  c r i t i c a l  f o r  N r e s p o n s e  
(CKIFF 1983). Responses t o  N added with P were 
observed on ly  f o r  a p p l i c a t i o n s  conducted between 
p l a n t i n g  time and mid-June of t h e  f i r s t  year .  N 
i n  e a r l i e r  a p p l i c a t i o n s  may be l o s t  by l e a c h i n g ,  
and N i n  l a t e r  a p p l i c a t i o n s  may be l o s t  t o  compet- 
i n g  v e g e t a t i o n .  

This t iming e f f e c t  is important  i n  t h e  d e s i g n  
and i n t e r p r e t a t i o n  of f e r t i l i z e r  placement s tud-  
i e s .  F e r t i l i z e r s  incorpora ted  i n t o  beds must be 
a p p l i e d  before  f e r t i l i z e r s  a p p l i e d  a f t e r  bedding 
o r  a f t e r  p l a n t i n g .  N a p p l i e d  t o o  soon b e f o r e ,  o r  
too  l a t e  a f t e r  p l a n t i n g  may n o t  be used e f f i c i e n t -  
l y  by t h e  t a r g e t  crop t r e e s .  In t h e  s t u d i e s  re-  
ported h e r e ,  t h e  a p p l i c a t i o n  before  bedding may 
have been t o o  soon (September and October) ,  bu t  
t h e  a p p l i c a t i o n s  a f t e r  p l a n t i n g  (February and Jan- 
uary)  should have been i d e a l  f o r  N response.  The 
l a c k  of p lacement -by- fe r t i l i ze r  i n t e r a c t i o n s  i n d i -  
c a t e  t h a t  l each ing  was probably not  a  problem on 
t h e s e  s i t e s .  Because t h e  l a t e s t  a p p l i c a t i o n  was 
conducted wel l  before  weeds were a c t i v e ,  t h e s e  ex- 
periments  do l i t t l e  t o  e l u c i d a t e  i n t e r a c t i o n s  be- 
tween placement and weed competi t ion.  
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SERICEA INFLUENCES EA%I,Y SURVIVAL, GROTflII, 

AND E.PUTRI~Z-CON OF S ~ D  PI HE^ 

Jacques R, jorgensen2 

Abstract . - -Sericea e s t a b l i s h e d  wi th  s e e d l i n g  sand pine 
on a droughty sand s i g n i f i c a n t l y  reduced t r e e  h e i g h t  growth 
t i l rougi~ the  t h i r d  growlng season,  S e r i c e a  s t a n d s  t h a t  deve- 
loped  w i t h  n ine  o r  more p l a n t s  per  square f o o t  reduced t r e e  
s u r v i v a l ,  but  s t a n d s  wi th  s i x  p l a n t s  had no s i g n i f i c a n t  
e f f e c t .  The use of both s e r i c e a  and P f e r t i l i z e r  s i g n i f i -  
c a n t l y  i n c r e a s e d  t h e  N and P con ten ts  of f o l i a g e  of 
3-year-old sand pine. I n c r e a s e s  due t o  s e r i c e a  were r e l a t e d  
t o  an i n c r e a s e  of N i n  unders to ry  biomass, and those due t o  
f e r t i l i z e r  r e l a t e d  t o  increased  s o i l  P. P l o t s  wi th  s e r t c e a  
had about 140 more pounds of N per  a c r e  i n  t h e  unders to ry  
biomass and 0-8 i n c h  s o i l  l a y e r  than d i d  c o n t r o l s ,  

INTKODUCTION 

About  8 in i l l ion  a c r e s  of s a n d h i l l s  i n  t h e  
S o u t h e a s t  extend from c e n t r a l  F l o r i d a  t o  North 
Caro lZna .  This  a r e a  is sometimes r e f e r r e d  t o  a s  a 
r a i n  d e s e r t .  I n  many a r e a s  annual  rainEa12 
a p p r o a c h e s  o r  exceeds 50 i n c h e s ,  but  due t o  the  
10.s m o i s  ture-holding c a p a c i t y  of t h e  s o i l ,  vege t a -  
t i o n  t s  o f t e n  s p a r s e ,  

Huch of the  s a n d h i l l  a r e a  was o r i g i n a l l y  
c o v e r e d  wi th  open, low-volume s t a n d s  of longleaf  
p i n e  <Pinus  p a l u s t r i s  Mill.)--a s p e c i e s  not  on ly  
a d a p t e d  t o  poor droughty s o i l s  bu t  a l s o  r e s i s t a n t  
t o  t h e  repeated f i r e s  t h a t  may have e l i z i n a t e d  
t h o s e  s p e c i e s  wi th  h i g h e r  growth p o t e n t i a l s .  It 
is  t h L s  land t h a t  p r e s e n t s  some of the  g r e a t e s t  
c h a l l e n g e s  t o  f o r e s t  mnagement i n  t h e  South, 

Oa deep sand s i t e s ,  long leaf  p ine  is  o f t e n  
d i f f i c u l t  t o  e s t a b l i s h ;  i t s  i n i t i a l  growth may be 
slow a n d  f nf luenced by compet i t ion  and d i s e a s e ,  
On some s i t e s ,  sand pine (P. c l a u s a  (Chapm, ex 
Engelm. ) Vasey ex  Sarg. ) may be an a l t e r n a t i v e  t o  
l o n g l e a f .  Although sand p ine  does no t  have t h e  
long-term growth p o t e n t i a l  and t h e  many d e s i r a b l e  
f e a t u r e s  of l o n g - r ~ t a t i o n  l o n g l e a f ,  i t  can be 
e s t a b l i s h e d  more e a s i l y  and wil l .  produce gulp and 
s m a l l  t imber  w i t h i n  a reasonable  t ime,  

= p a p e r  p resen ted  a t  Thi rd  Southern 
S i l v i c u l t u r a l  Research Conference,  A t l a n t a ,  
G e o r g i a ,  November 7-8, 1984, Vork supported by 
t h e  U.S, Department of Energy, A s s i s t a n t  S e c r e t a r y  
of t h e  Environment, O f f i c e  of H e a l t h  and 
Envi ronmenta l  Research,  under  In te ragency  
Agreement No, DE-110980SRl0702. 

2 ~ e s e a r e h  S o i l  S c i e n t i s t  , U, S. Department of 
A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  Southeas te rn  F o r e s t  
Experiment  S t a t i o n ,  Research T r i a n g l e  Park,  N.C. 

The o b j e c t i v e s  of t h i s  s tudy were t o  measure 
t h e  e f f e c t s  of d i s k i n g ,  P f e r t i l i z a t i o n ,  and seri- - 
tea (Lespedeza cunea ta  (Durn.-Cours.) G, Don) on the 
e a r l y  s u r v i v a l ,  growth, and f o l i a r  c u t r t e n t  con- 
c e n t r a t i o n s  of sand pine.  Secondary o b j e c t i v e s  
were t o  determine how seedbed p r e p a r a t i o n ,  form of 
phosphorus f e r t i l i z e r ,  and seed Cnoculum and 
c o a t i n g  a f f e c t  s e r i c e a  es tab l i shment  and growth, 
and how s e r i c e a  a f f e c t s  s i t e  n u t r i e n t s  and 
unders to ry  biomass. 

Study S i t e  

The experimental  a r e a  was south of blken, 
S.C., n e a r  t h e  Savannah River  P r o j e c t .  S o i l  on t h e  
s i t e  was a aember of t h e  Lakeland s e r i e s  ( thermic ,  
coa ted  family of Typic Quartzipsamments), The sand 
i n  t h e  t y p i c a l  p r o f i l e  exceeds 80 inches  i n  dep th  
and t h e  s i t e  had been covered wi th  a s c a t t e r e d  
s t a n d  of longleaf  and sc rub  harddood. I n  p repara -  
t i o n  f o r  p l a n t i n g ,  w r c h a n t a b l e  t imber  was removed, 
remaining t r e e s  sheared ,  and r e s i d u e s  roo t  raked and 
windrowed. 

Treatments  and P l o t  Layout 

There were t h r e e  b a s i c  t rea tments :  phosphorus 
f e r t i l i z a t i o n ,  s e r i c e a  seedtng,  and disktng,  
Phosphorus (P) was applFed a t  r a t e s  of 0 and 100 
pounds of P i a c r e  wi th  P a s  t r i p l e  superphosphate 
(TSP) and ground rock phosphate (GRP), S e r i c e a  was 
sowed a t  O and 20 pounds of a c t u a l  s e e d l a c r e  w i t h  
seed i n o c u l a t e d  tmmediately before sowfng and w i t h  
p r e i n o c u l a t e d  seed coated wi th  lime, Malf of t h e  
p l o t s  were prepared wi th  a l i g h t  farm d i s k ,  and 
h a l f  were no t  d i sked ,  



Plot.; e r e  i ;s tabl tshed i n  Tanuary-'4arc:l of  
19231 -in a s p l i t - s p l i t  d e , s i , p  .ric\ three rr;giica- 
::loas. The i n i t i a l .  sp' l tr:  gas based Jpon dis7ctng,  
Zach of the Ci~ree rfisked o r  ~n~El-3'ced p l o t 9  had nil 
a r e a  of 0.58 a c r e ,  4ach ~f the  12 f e r t i l i z e d  x 
s e r i c e a  plots i n  a rcp l ies tCon  had a n  area of 
3,058 acre and each of the  6 u n f e r t i l i z e r i  x serf.- 
c e a  p l o t s  Mere 0.077 acre i n  s i z e ,  

Year-old s e e d ' l i t j s  of Choctawhatehee sand 
pine (5 c l a a s ~  v a r ,  i r amugi~a tx  D. B. Ward), 
ob ta ined  from a p r i v a t e  nurszry 1 1 1  nortfr F l o r i d a ,  
were p lan ted  on Fehrriary 23, 1981. Seedli-zgs were 
p lan ted  i n  rows I0 f e e t  a p a r t  ~ i t h  a 6-foot 
within-rod syaclng.  

Following f e r t i l i z e r  d i s t r i b u t i o n  ant3 t r e e  
p l a n t i n g ,  des igna ted  p l o t s  were disked l i g h t l y  t o  
i n c o r p o r a t e  f e r t i l i z e r  i n t o  the  s o i l  2nd t o  pre- 
pare a reedbed f o r  the  s e r i c e a ,  S e r i c e a  4ei34 were 
sowed wi th  a cyclo11e s e e d e r  Immediately a f t e r  
d i sk ing .  Seed sowed on d i sked  p l o t s  tended t o  
r o l l  t o  t h e  bottom oE f ~ l r r o w s  ar1-l become covi;recl 
wi th  s o i l ,  

Study Measurements 

Xeast~rements  of s e r i c e a  s t o c k i n g  €11 the  f i r s t  
and second gro~ri i lg  senroils were made i n  J u l y  and 
August of 1981 and 1982, Four 1 - f t 2  measurement 
a r e a s  dere l o c a t e d  In the  c e n t r a l  p o r t t o n  of each 
p l o t .  Up t o  10 s e r i c e a  p l a n t s  dere  counted and 
t h e i r  h e i g h t s  t o  the  n e a r e s t  inch measured. Tf 
t h e r e  were more than 10 p 1 a n t s / f t 2 ,  t h i s  was noted 
wi thout  f u r t h e r  count tng. 

Tn t h e  Ea l l  of 1983, t h e  t h i r d  growing 
season ,  a l l  v e g e t a t i o n  i n  eaetx of the  Foar square-  
Eoot a r e a s  on each p l o t  was c l i p p e d ,  c o l l e c t e d ,  
and s e p a r a t e d  i n t o  l i v i n g  s e r i c e a  and nonser icea  
v e g e t a t i o n .  Dead m t e r i a l ,  l i t t e r ,  and o r g a a i c  
r e s i d u e s  t o  the  mineral  s o i l  depth from each of 
t h e  f o u r  a r e a s  per  p l o t  were cornpositad. S o i l  
Erom t h e  0-4 and 4-8 i n c h  dep ths  were sampled 
a f t e r  l i t t e r  was removed. Vege ta t ion  and o r g a n i c  
r e s i d u e s  were ovendried a t  158°F f o r  24 t o  48 
hours ,  and then groi~rld Lrr. preparatic3n For clzemnical 
a n a l y s i s .  S o i l s  were a i r  d r i e d ,  

A f t e r  t h e  t h i r d  g r o ~ i n g  season i n  the  win te r  
of 1983-84, t r e e  s u r v i v a l  and he igh t  were measured 
and f o l t a g e  sampled, F o l i a r  s m p l e ~  were obcalned 
from t r e e s  i n  the  c e n t r a l  a r e a  of each p l o t  by 
removing 10 need le  f a s c i c l e s  from each of two 
f i r s t - f l u s h  "sranches of the c u r r e n t  y e a r ' s  growth, 
Sof 1 s a a p l e s  $ere analysed f o r  t o t a l  n i t r o g e n  (N), 
double a c i d  e x t r a c t a b l e  P ,  potassfurn (K) ,  calcium 
(Ca), and mgnesium (Ng). T o t a l  N ,  P ,  K, Ca, and 
Mg c o n t e n t s  of v e g e t a t i o n  and organ ic  r e s i d u e s  a r e  
r e p o r t e d ,  Due t o  varying amounts of d n e r a l  con- 
t amina t ion  presen t  i n  l i t t e r  and o r g a n i c  r e s i d u e s ,  
t h e i r  weights  and n t ~ t  s i e n t  coneent r a t  ions  a r e  
repor ted  on an ash-free e q u i v a l e n t  b a s i s  calcu-  
l a t e d  Erom l o s s  on i g n i t i o n ,  

A11a1gsi.s 3 F  varf srzce u i t h  a s p t t  t - s p l i t  21 j i -  

aodel  and :Ir~.iccril's , n i i l t  c.t t ~ e  L ? 3 h  ~ 2 r . i  15 &,I :: 3 

. f e te r .n iw i;l;ni.Eicsnce t>f trap+% n~ . - tCq  1 11 . Z i C = e r ~  1:: ' 3  

3'2 t d*? $2 r 1  *m? <4. ,I 3 * 

1.2 the  9i1r%ner r ~ f  the Sr3ilrt:l g ~ ~ d t r l ~  zi a I ;.j 1, 

tha per.:?ntag?3 o f  i ~ r i c t '~  p t ~ t  domina t ed  by s c r i c e x ,  
weeds,  o r  hare .;ill1 $#as c ? c i . ~ ~ a t e t l ,  

S e r i e 3 a  S tand  Development 

A11 tr?af:rlertt-ilo;ithill~ti~?t~ 11 l e  3 I 1 :'I , a r - :  -- - 4 Jas plailp 2 1 ~ ' ? r t *  ; i,:.:~.; f : l l1 ,3  3tclcked w i t ?  
lcg.~mes (TshLe  I). One- a t4  2-ysar-aid 3t-r l:fs 
de r i  $34 Erma contl.?, prt.irtaclc111ated seed were. riltlcl~ 
more dense t'larz r lxt -1 i . ~ l i c ; i t - .  l~ecd~tsi?  .~tl'ly 11p t 3 ' I3  
p l a n t s / f t 2  a r e  repor ted .  Trb the  F i r s t  growing 
geason, 75 percen t  of the  p l o t s  c;oi~e? ~ i t h  coa ted  
seed had more than 10 p 1 a n t s / f t 2 .  None of t h e  
p l o r s  rowed t o  11nco~t~:d 5ee:l had t h i s  high d e n s i t y .  
During the  sccovtd e rod ing  season,  average p l o t  den- 
s i t y  based upon a maxi~rlum of 10 p l a n t u / ~ t 2  remained 
~ltlchangerl I ~ u t  the prr,;)ortiun of p l o t s  t h a t  had more 
than 10 p l a i ~ t r / f r z 2  gas resl:rced by over  h a l f  t o  33 
p e r c e a t .  Again, no p l o t s  sowed wi th  rincoated seed 
conta ined  more than 10 p l a n t s / f t 2 .  The reduc t  ion  
i n  s t ' x ~ ~ d  clensity over  tile 2-year period was pro- 
bably r e l a t z d  t o  a l n t z  f i r s t - s e a s o n  droaght ,  which 
damaged the  young s e r i c e a  p l a n t s ,  and t o  s e r i c e a  
a t t r i t i o n  from coiilpetitlon. Ry t h e  n idd le  of t h e  
f ourt t t  growing season ,  q e r i c e a  was do~nin<~r l t  m d  
weeds made up only 3 smal l  p o r t i o n  of the  l i v i n g  
t inderstory.  Both seed- lnocula t ion  t rea tments  
r e s u l t e d  Cn s e r t c e a  dominating 88 percent  of t h e  
p l o t s  wi th  l e s s  than 5 percent  of t h e  a r e a  having 
no p l a n t  o r  l i t t e r  cover. On p l o t s  dhich were not 
sowed t o  s e r i c e a ,  bare  s o i l  without  v e g e t a t i o n  o r  
l i t t e r  p r o t e c t i o n  made up 25  percen t  oE the  a r e a .  
Grasses  o r  g r a s s l i k e  p l a n t s  dominated nonser icea  
p l o t s .  

3isXi:xg had no important in f luence  on s e r i c e a  
d e n s i t y  a t  any of the  t h r e e  measurement per iods .  
This l ack  oE mea.;ilr~hle e f f e c t  was probably r e l a t e d  
t o  the  i n t e n s i v e  s i t e  preparac ton c a r r i e d  o u t  t r l  

a n t i c i p a t i o n  of t r e e  p l a n t i n g ,  which had e l i m i n a t e d  
most ground cover  an3 hart-?,$ the mineral  s o i l .  A t  t h e  
end of t h e  f o u r t h  groving season,  sowed s e r i c e a  
occtlpie? 89 percen t  of the areCa on dt4:ced p l o t s  and 
86 percen t  on the  undisked p l o t s ,  

S e r i c s a  cfen.;Lty increased  s l i s h t l y  as a r e s u l t  
of f e r t i l i z a t i - o n  w i t " t P ,  A t a l l y  the  f i r s t  year 
showed seven p l a n t s / f t 2  on n o n f e r t i l i z e d  p l o t s  com- 
pared wi th  c?€gfit 111 f e r t i l i z e d  a r e a s .  Irl t h e  
second y e a r ,  comparable r e s u l t s  were 6.5 and 8 , 5 / f t 2 .  
A t  the end of the  f o u r t h  groging season ,  s e r i c e a  
o c c ~ t p i e d  78 percen t  of u n f e r t i l i z e d  p l o t s ,  95 per- 
cen t  of p l o t s  f e r t i l i z e d  wi th  GRP, and 89 percen t  
of p l o t s  t r e a t e d  wi th  TSP. Although d e n s i t y  d a t a  
were not analysed s t a t i s t i c a l l y ,  d i f f e r e n c e s  pro- 
bably d i d  e x i s t  between f e r t i l i z e d  and u n f e r t i l i z e d  



T a b l e  l. --I? l o t  c,)ver,  by s e r i c e a  t r e a t w i l t  a?Li groyliilg ~;t?~im3it 

:i i311.3 

311i513~1 tt?-d seed 
Coated s e e d  

p l o t s  b u t  no t  hetwe,:tl p l o t s  t r ea te r1  w i t h  t h e  two 
f o r ~ s  t , f  ?. 

Sand P i n e  S u r v i v a l  G r ~ $ t ; l  

I - l e igh t  oir 3-ye-lr-ald sand p ine  was s i g n i f i -  
c ~ ~ 1 t l 4 7  reduced by s t a r tds  oE s e r l c s ~  C ~ ~ J A T  l l _ ia . ; s  oE 
s c r i c e a  d e n s i t y  (Tab le  2) .  'Trees grourn witilotl t  
s s r i c e a  wereA G, 1 Fe;e t a i l ,  s i ~ r ~ i f i c a r l t i y  t a l l e r  
t h a n  t h e  3.6-foot h e i g h t  of t r e e s  g r o w  i l l  s e r i -  
c e a .  S u r v i v a l  was s i ~ q i  F [ c a n t ;  y in f  l~ierlcerl  by t h e  
~ r? r i t :~ ; i  i ~ t i i :  orllj7 i n  t h e  de:~.;c s tanr is  product~cl by 
sowin,r coated seed. S u r v i v a l  i.1 t i iesc  l a t t e r  
s t a n d s  was abou t  h a l F  t h a t  of p l o c s  wi thou t  
s e r i c e a ,  

F e r t i l i z a t i o n  had no s i g n i f i c a n t  InEltsence on 
h e t s h t  oc 011 s u r ~ i \ r ; l l :  3.7-foot h e l g h t  For t r e e s  
on P t r r t a t e d  p l o t s  ctlrnparcd w i t h  3.8 on c o r t t r o l  
p l o t s ,  and 67 p e r c e n t  s i l r v i v a l  f o r  t r e e s  on  f e r -  
t il. i z e d  areas comparc*_f wi t t i  60 perctkrlt  For t r e e s  
g r w n  w i t h o u t  f e r t i l i z e r .  It is no t  kn,)vrl i E  o r  
dhs-1 t PC#?.?; d i l l .  r?;;!tc~rld t o  tile aJtj i t i-?rl  ~f 7 .  

f l ~ a n  t h e  50 pert.-$-re o b t a i n e d  on t h e  urzifC.;*<z:I p l o t s ,  

The 0.5-foot r e d u c t i o n  i n  height i n  t h e  
3-yzar-a ld  s ta i id  as ;I r e s u l t  of s a n d  p - i r ~ e - s s r i c z a  
cornpetion, a l t h o u g h  s tg11f_flc.trit, i s  of L i t t l e  cori- 
sequence.  J o r g e n s e n  (1981) found no n e g a t l a e  
e f f e c t s  o f  s c r i c e a  on l n h l o l l y  pine ~ L . C ) I L J ~ ~  OII a 
s i t e  w i t h  a s i t e  index  of 90 (age  53)-.-aucll " o t t l ~ r  
tllarl t h e  60 f o r  Loiz;2r,~f 311 the p r e s e n t  s i t e ,  
Jorgeiisii;-r .I",> r e p o r t e d  no g r o d t h  r e sponse  tc ,  
t r e a t a s n t s  u n t i l  4 y e a r s  a f t e r  a p p l i c a t l o r l ;  a t  that  
t i  rre, t h e  rt?.;par~it. t, r c r i c e a  could stst'il c o t  he 
s e p a r a t e d  from t h a t  o f  P. 

The r e d a c t t o n  111 pints f u r i l i v a l  cl l~ta  t&> i e r l c e a  
comye t i t  i o n  i s ,  however, a s e r i o u s  porblem. There  
may be t ~ o  aypr~dc11es  t3 l t s  $alutCon if s e r i c 2 a  t c ;  

t o  be trscd f o r  long-tar-n site improvemerrt, Sowing 
of  s e r i c e a  tail br de layed  u n t i l ,  t h e  youilg p i n e s  arc 
e s t a b l i s h e d  , rtsual tjr t h e  b e g i n n i n g  of the secoad 
gr \ )$ iug  s e a s o n ,  o r  t h e  S C ) ' J J ~ I I ~  r a c e  can be reduced 
t o  perni i l  a grt i t lual  i z c r e a s e  i.1 s c r l c e a  s t a n d  tleli- 

s i t y  by .;.?ic-; i ? ~ h ~ i i t g .  

Dl s i c ing  i n  add% t i o n  t o  r o o t  r ,a ' lci~~g anti Sand  P i n e  ir'utrf t i o n  
gin~-tro.srin; produced no s i g n i f i c a n t  i n c r e a s e  i:l 
s u r v i v a l  o r  he ig ' l t  tl;co#tfl of ti12 g i n e s ,  %I dis'ced Although scricerl .  had a n e g a t i v e  influent;? on  
p l o t s ,  a c r o s s  a l l  s e r i c e a  and f e r t i l i z e r  t r r a t -  g r o d c : ~  s * ~ r v C v a l  of s a n d  p i n e ,  i t s  e f f e c t :  c ~ r l  

n e n t r  , s u r v i v a l  was 11 percet i tage p o i n t s  h i g h e r  f o l i a r  r l t l t r i en t  conter i t  was p o s i t i v e  (Table 31, 

T a b l e  2 , - - In f luence  of s e r i c e a  i e s p e d e z a  o : ~  s u r a i v a l  aw-1 h e i g h t  
o i  3-year -31'3 sand pint?  

None 
Uncoated seed  
Coa ted  st-? >:I 

Means ij . i t%in a colunn fo l lowed  by t h e  same l e t t e r  do ~ l o t  s i g n i f i c a n ~ l y  
d i f f e r  a t  tile "j)r:rS:-,tit I i fvel .  



Tabf e 3,  --TqE l*~;.ace of s e r i c e a  lespedeza on nuerier l ts  i n  sand pine f o l i a g e  

Treatment I? P K C a  Mg 

--------#--I----------------------- --_-__~-------__ ___________ -  
Means d i t ' l i n  a et-tfuinn fcilloured by thc~  same f e t t e r  r30  riot ~ i g r ~ i f i c a r l t l y  

%1IFFs_r a t  the 5 percerrt l e v e l .  

Both N and P were s i g n i f  i c a n t l y  i ~ ~ c r e a s c c i .  The 
o t h e r  cl tmzrl t r  yere  u n a f f z c t e d  by t rea tment .  
Phospllort~ls a p p l i c a t  ion  a l s o  increased  fo 1 t a r  N and 
P :~ptaki?  hi13 I f  11 13 t  i-11FI11ence Y, Ca, o r  74g (Tahle 
4 ) .  Disking had no i n f l a n c e  on uptake of any of 
t h e  f i v e  n u t r i e n t s .  

F o l i a r  n u t r i e n t  concent r a t i o t ~ s  of 5 0 t h  fe r -  
t i l t z e t l  and u n f t ? r t i l i z e d  t r e e s  a r e  i n  the  g e n e r a l  
ranges found i n  pine gro i~ i t lg  i n  the F l o r i d a  
s a n d h i l l s  (Rreridemuekl 1973). O v e r a l l ,  n u t r i  t  ton 
does not  appear k 3  X i - i n l t  39nd pin+? growth on t h e  
p r e s e n t  s i t e .  

Seeding s e r t c c a  proJucec3 50 perc:?irt more 
biomass--the sum of ash- f ree  o r g a n i c  r e s i d u e s ,  
~ e e d s ,  and ser icea-- than was produced on cant r o t  
p l o t s  (Table 5) .  Th is  i n c r e a s e  was no t ,  however, 
s i g n i E i c a n t .  The lack  of s i g n t f l c a n c e  cat1 be 
a t t r  tbu ted  t o  s p o t t y  growth, a  lati? .itlniner c-lroughtr 
t h a t  preceded t h e  sampling,  and a  s a a l l  sample 
s i z e  w i t h  high v a r i a b i l i t y .  

Although sit2 biolnass was not s i p i f  t cs r l t ly  
increased  due t o  t r e a t a e n t ,  i t s  N and Ga c o n t e n t s  
were. Nitrogen more than doubled from 43 t o  99 
pounds per  a c r e  and c o n c e n t r a t i o n  increased  from 

0.92 t o  1 . 4 1  percen t .  Calcium conten t  was a l s o  
doubled and c o a c e n t r a t l o n  increased  from 0.62 t o  
0.54 percen t .  Phosphorus, R ,  and Ffg conten ts  were 
no t  r i g ~ i f L c a n t 1 y  a f f e c t e d  by g r o ~ i n g  s e r t c e s ,  

F e r t C l i z a t t o n  had no s i g n i f t c a n t  Cnfluence on 
unders to ry  biomass o r  the  amount of biomass 
n u t r i e n t s .  There was, I~osrever, an i n c r e a s e  In P 
concent r a t  ion. Where no f e r t i l i z e r  was a p p l i e d ,  
t h e r e  was an average of 6 ,546 pounds of biomass p e r  
a c r e  qhich cotrtalned 4.8 pounds of P o r  a  con- 
c e n t r a t i o n  of: 0.073 percen t .  F e r t i l i z a t i o n  wi th  P 
produced an  average of 6,182 pounds of biomass 
which contained 5.2 pounds of P o r  a c o n c e n t r a t i o n  
oE 0,084 percen t .  T ~ c k  of response t o  P f e r -  
t i l i z a t  ion through increased  b ioaass  o r  P uptake 
i n d i c a t e s  t h a t  P I s  not a  major f a c t o r  l i m i t i n g  
growth on t l i e w  3srlcfy s o i l s  wi th  low moisture-  
k o l ~ l i n g  c a p a c i t y  . 

Dis'cing had no s l g n i f t c a n t  eE Eect on 
unders to ry  biomass but  undisked p l o t s  averaged 
5,685 and dis:ce:3 6,932 pounds of biomass p e r  a c r e .  
These v a r i a t i o n s  i n  biomass were accompanied by 
proportiorial.  c3t.tqqg~s i~ N, P,  K ,  Ca, and Mg 
c l f l t e n t ? ,  

S o i l  n u t r i e n t  corlceritratConc; were not s i g n i f i -  
c a n t l y  in f luenced  by s e r i c e a  (Table 6 )  o r  d i s k i n g ,  

Table 4.--Influence of phosphorus f e r t i l i z a t i o n  on n u t r i e n t s  
i n  r~rart p l . r ~ t ?  Foliage 

Treatment N P K Ga Mg 

Nil P 
TSP o r  GRP 

- 
TSP = t r i p l e  superphosphate;  C;RP = ground rock phosphate. 

Yeans v i t h i n  a  column followed by thz  same i e t t ? r  do not  s i g n i f i c a n t l y  d i f f e r  
a t  the  5 percen t  l e v e l .  



T a b l e  5 , - - Inf luence of s e r i c e a  l e spedezn  on biomass a ld n t ~ t r i e n t s  i n  
u n d e r s t o r y  v e g e t a t  to11 and f o r e s t  f l o o r  

S e r i c e a  
t reiltat:ilt 

None 4693 4 3a 3.6 1 6  2 9a 5 
Uncoa t e d  seed  6893 96b 5.6 17 58ab 8 
Coatcrl seed 7150 102b 5.8 1 6  61b 9 

Tab le  6 . - - Inf luence of s e r  i c e 2  I~lespedeza :>.I i ~ u  t r i e n t  c o n c e n t r a t  i.c>ns i n  s o i l  

S e r i c e a  
t reat rnent  

None 
Uncoated seed  
Coated s e e d  

None 
Uncoated s e e d  
Coated s e e d  

4-8 INCH DEPTH 

---- --- ------------------ -- -- - ---------- - - - - - - - - - - - - - - - 
There  5.:; 213 s i g ~ ~ i f i c a n t  ( i i f f e r e n c e  between means i n  a colurnn and depth.  

b u t  w e r e  i n f l u e n c e d  by f e r t i l i z a t i o n  (Table  7).  
A p p l y i n g  GRP, a Ca-contatitirl; a~1t311.l 1;?11t, s i g n i f  i- 
c a n t r y  i ? ? r e a s e d  Ca i n  t h e  0-4 i n c h  l a y e r  b u t  
r e s u l t e d  i n  a d e c r e a s e  i-:I '"[ ; e r ~ c ~ ~ i z t c a t l o n .  The 
d e c r e a s e  In '43 $as p robab ly  due t o  c o m p e t i t i o n  f o r  
s o i l  e x c h a n g e  s i t e s  f rom t h e  added Ca. Decreased 
K c o n c e n t r a t i o n  i n  t h e  4-9 i n c h  l a y e r  was pro- 
b a b l y  a l s o  r e l a t e d  t o  t h e  i n c r e a s e d  Ca from t h e  
GRP £ e r e  i l  i z s r .  Phosphorus  i n c r e a s e s  were r e l a t e d  
t o  P a d d i t i o n s  by f e r t i l i - z e r s .  The d e c r e a s e d  N i n  
t h e  4-8 i n c h  dep th  on p l o t s  where GRP was a p p l i e d  
canno t  b e  e x p l a i n e d .  When '4 i n  t'li. 0-4 and 4-8 
i n c h  s o t 1  l a y e r s  i s  ;.1:ltne4, however,  Chart? is  no 
sLgnL E i c a n t  d i f f e r e n c e  due t o  f e r t i l i z e r  t r e a t -  
ment. 

S e r i c e a  was a s s o c i a t e d  w i t h  a n o n s i g n i f i c a n t  
i n c r e a s e  of 90 pounds of N i n  t h e  s u r f a c e  8 i nches  
o f  s o i l .  T h i s  was s i m i l a r  t o  t h e  94 pound 
i n c r e a s e  r e p o r t e d  by J o r g e n s e n  (1981) where P- 
f e r t i l i z e d  s e r i c e a  had been grown on a much b e t t e r  

s i t e  f o r  4 y e a r s .  111 t h a t  s t t idy,  hogever ,  t h e r e  
was a l a r g e  i n c r e a s e  of biomass,  wit11 biomass  :J + 
s o i l  N augnle~l t lng s i t e  N by more tilafl 489 pounds 
p e r  a c r e ,  compared w i t h  on ly  about  140 pounds a t  
t ' ~  end oF a 3-year $,?riorX i n  t h e  p r e s e n t  s tudy .  

SUMMARY AND CONCLUS 1 ONS 

S e r i c l a  e s t a h l t s h e d  on 4 droughty sand  t h e  
same y e a r  as sand p ine  s i g n i f i c a n t l y  r educed  t r e e  
h e i g h t  growth by t h e  end of t h e  t h i r d  growirlg 
seaso? ,  3 e . l ~  > 3,: r l x a  ~t.?2.19 .IT" 3 reduced t r e e  
s u r v i v a l  t o  abou t  h a l f  t h a t  of c o n t r o l  p l o t s ,  h u t  
s t a n d s  of tnoder,ste d e n s i t y  had no s i g ' l i f i c a r t t  
e f f e c t  on s u r v i v s l .  4t t h e  end oE the  t h t r d  
growing season ,  i m p o r t a n t  d i f f e r e n c e s  i n  s e r i c e a  
st.qnc3 d e n s i t y ,  as measure 1 by b'ioinass, v e r e  no 
l o n g e r  e v i d e n t .  Roth s e r i c e a  and P f e r t i l i z e r  
s i g n i f i c a n t l y  i n c r e a s e d  tho  '? and P c o n t e n t s  o f  
f o l i a g e  of 3-year-old sand p ine .  The N i n c r e a s e  



T a b l e  7 . - - lnf  ' i i ~ e r ~ i : i "  .): E 2  c t i - i  i r, at: ioq 13il n u t r i e i l t  co r l c e r l t r a t i o r l  s o i l  

T r e  i t  3 2  r: \T 
e ? i S a ""Is 

No E e r t  i l i s e r  
GRP 
TS" 

No f e r t i l i z e r  
GRP 
TS1" 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - -  

GKP = gru  L I 1 r*  )I-t p h o s p h a t e ;  TSP = t r i p l e  supe  rphosp l t a t e .  

Means v~ i ' : ' l i r i  a ~ o i t - f ~ 3 p C ' t  COI.IJ~?I~ F o l l o ~ e d  by t h e  same Ic t t a r  do  rlot 
s  i 2 " i  F i c s n t  t y  d iE  Fer aL f::lr._ 5 p13-c ::AE It?v,zl_. 

was r e l a t e d  tt : ,  a n  i n c r e a s e  of  N i n  u n d e r s t a r y  
i n :  P l o t s  4it;t  s e r i c + i ~  ga insc l  a t o t a l  o f  
I41 potlr-tt.1~ oi: ';i p e r  ncri? i n  u n d e r s t o r y  b iomass  and 
s u r l l ~ c e  8 i t l c h e s  o f  soi l .  cori7parel ,*rich c o r l t r o l  
5 92 t ' l i  + I r ~ b ' ~ )  ;a:1'3 di-il?re n o l s t i l r e  i s  t h e  
most  i npo r t a t r t  F a c t o c  l isni t i n g  gro,*rtit, add i  t i S ~ n a 1  
t irne i -s rleed1.d t a  de  t c  rrni ~ l z  i F t'ie :.J f L 40ii r ~ i ~ t l  t'lc? 
s o i l  p r o t e c t i o n  o f f e r e d  by s c r  i c e a  cart p~\reilt,.~;ll f ;T 

o~lC~?e i,z\ i t ;  LrliC i .a l  r1eZat i v ?  ??_FF,?cts OII g r o ~ t i r  
a n d  s u r v i v a l  of  p l a n t e d  p i n e s ,  

Brende:lu?ll l ,  X. 9, 
1973. Some resi,.> irk? : IF ~ ~ i n ~ 1  p i t l r  t o  

f e r t i l i z a t i o n .  Gen. Tech.  Rep,  SE-2. A s h e v i l l e ,  
I fl IJL: 1J.S. Depar t  n d n t  o f  X g r i c  if  t t ~ r ? ,  F O C C ~ Y ~  
S e r v i c e ,  S o u t h e a s t e r n  F o r e s t  Expe r imen t  
S t a t i o n ,  p. 164-179 

.Tor;etise:~, .J. K. 
1-33?, '7.; 2 O F  ' l eg  ~ r l ~ s ;  i t l  son l t heaq t z rn  f o r e s t r y  

r e s e a r c h .  P r o c e e d i i ~ g s  of il'l-. F i r s t  B i e n n i a l  
Sou the r r t  S i l v i c u l t a r a l  R e s e a r c h  Confe r ence .  
Gen,  Tech ,  Rep. SO-34, ~ J C J  3 r l r ~ a r l s ,  LA: 3 . 5 .  
k p a r t  n z ~ t  o f  Agric i f r ~ t r e ,  F o r e s t  S e t \ r i c ~ ,  
So t~ t l i~e r - r  F o r e s t  Xxxperiinent S t a t i o n ,  p ,  205-211. 



EFFECT OF 0VERBL'R;)EN TYPE iZYD 0RCAP;IG LL'~lE?;D?IEriTS OK THE 

CKOFTH OF PIKES OF: A RECLAI'IET) 51JRFACC ?li\.EL/ 

2 / 3 .  L. T o r b e r t ,  3.  A. Bu rge r ,  and W. L .  Dan ie l s -  

Abs t r ac t . - -A  Rock Nix  S tudy  and a S u r f a c e  T r e a t m e n t  
S tudy  were  d e s i g n e d  t o  e v a l u a t e  t h e  e f f e c t s  o f  v a r i o u s  sand-  
s t o n e  ( S S ) / s i l t s t o n e  ( S i S )  o v e r b u r d e n  x i x t u r e s ,  s e v e r a l  s u r -  
f a c e  t r e a t m e n t s  ( t o p s o i l ,  s a w d u s t ,  and  m u n i c i p a l  s l u d g e ) ,  
and  i n f e c t i o n  w i t h  P i s o l i t h u s  t i n c t o r i u s  o n  t h e  g rowth  and 
s u r v i v a l  o f  l o b l o l l y  p i n e  ( P i n u s  t a e d a  L.) and p i t c h  X l o b -  
l o l l y  p i n e  h y b r i d s  ( P i n u s  x r i g i t a e d a )  on  a r e c l a i ~ e d  s u r f a c c  
mine  i n  S o u t h w e s t e r n  V i r g i n i a .  A f t e r  two y e a r s ,  t h e  b e s t  
g rowth  i n  t h e  Rock Mix S tudy  o c c u r r e d  i n  t h e  p u r e  s a n d s t o n e  
p l o t s  and t h e  w o r s t  g rowth  was i n  t h e  p u r e  s i l t s t o n e  p l o t s .  
I n  t h e  S u r f a c e  T r e a t m e n t  S t u d y ,  s e e d l i n g s  p l a n t e d  i n  1 2  
i n c h e s  o f  t o p s o i l  showed no g rowth  d i f f e r e n c e s  f rom t h o s e  
p l a n t e d  i n  a n  unamended 2 : 1  SS:SiS  s p o i l .  S e e d l i n g  g rowth  
was i n c r e a s e d  by a p p l i c a t i o n  o f  m u n i c i p a l  sewage s l u d g e  a t  
r a t e s  o f  up t o  25 t / a c r e ,  b u t  h i g h e r  a p p l i c a t i o n s  o f  s l u d g e  
had d e t r i m e n t a l  e f f e c t s .  The b e s t  s u r f a c e  t r e a t m e n t  was 
s awdus t  (25  t / a c r e ) .  M y c o r r h i z a e  improved s e e d l i n g  g rowth  
i n  t h e  S u r f a c e  T r e a t m e n t  S t u d y  where  f e r t i l i z e r  p e l l e t s  were  
n o t  a p p l i e d .  P i t c h  X l o b l o l l y  p i n e  h y b r i d ?  s u r v i v e d  b e t t e r  
and began  g rowth  e a r l i e r  i n  t h e  S p r i n g  t h a n  l o b l o l l y  p i n e .  

Reclamation managers, who want t o  e s t a b l i s h  
p i n e  p l a n t a t i o n s  on s t r i p - m i n e d  lands ,  have many 
o p p o r t u n i t i e s  t h a t  a r e  n o t  a v a i l a b l e  t o  most 
f o r e s t e r s .  S e l e c t i v e  overburden placement (Chang 
and K e l l y ,  1982) dur ing  t h e  rec lamat ion  phase 
can c r e a t e  a  deep,  uncompacted s p o i l  wi th  
d e s i r a b  l e  chemical and p h y s i c a l  p r o p e r t i e s .  
A p p l i c a t i o n  of s u r f a c e  amendments, s e e d l i n g  
i n o c u l a t i o n  wi th  mycor rh iza l  f u n g i ,  and t h e  use  
of f e r t i l i z e r  p e l l e t s  a r e  a d d i t i o n a l  o p t i o n s  
t h a t  c a n  a i d  s e e d l i n g  es tab l i shment  and growth, 
Unlike most r e f o r e s t a t i o n  e f f o r t s  where 
e x p e n s i v e  s i t e  p r e p a r a t i o n  and p l a n t i n g  c o s t s  

P a p e r  p r e s e n t e d  a t  t h e  T h i r d  B i e n n i a l  
S o u t h e r n .  S i l v i c u l t u r a l  R e s e a r c h  C o n f e r e n c e ,  
A t l a n t a  G e o r g i a ,  November 7-8, 1984. 

2' R e s e a r c h  A s s i s t a n t  and A s s i s t a n t  Pro-  
f e s s o r ,  Depar tment  o f  F o r e s t r y ,  and  R e s e a r c h  
A s s o c i a t e ,  Depa r tmen t  of Agronomy, V i r g i n i a  Po ly -  
t e c h n i c  I n s t i t u t e  and  S t a t e  U n i v e r s i t y ,  B l a c k s b u r g ,  
VA 2 4 0 6 1 .  

must be c a p a t i l i z e d  through t h e  r o t a t i o n ,  
r e f o r e s t a t i o n  c o s t s  on strip-mined land can 
u s u a l l y  be deducted i n  t h e  year  they  occur  a s  
expenves 3 equ i red  f o r  rec lamat ion  ( Z i p p e r ,  
1983). 

Coal seams i n  Southwestern V i r g i n i a  and 
surrounding a r e a s  of Kentucky and West V i r g i n i a  
a r e  g e n e r a l l y  o v e r l a i n  by s t r a t a  of sands tone  
and s i l t s t o n e .  These l a y e r s  a r e  b l a s t e d  and 
removed dur ing  t h e  mining phase and must be 
moved back i n t o  p o s i t  ion dur ing  rec lamat  ion.  
Sandstone and s i l t s t o n e  s p o i l  d i f f e r  i n  t h e i r  
p h y s i c a l  and chemical c h a r a c t e r i s t i c s ,  and can 
have an  e f f e c t  on r e v e g e t a t i ~ n  s u c c e s s ,  Preve 
and co-workers (1984) found t h a t  sands tone  
overburden was a b e t t e r  growth medium than  
s i l t s t o n e  s p o i l  f o r  Pinus spp,  s e e d l i n g s .  The 
sandstone s p o i l  had fewer coarse  f ragments ,  
b e t t e r  a e r a t i o n  p o r o s i t y ,  and lower l e v e l s  of 
s o l u b l e  s a l t s .  

Reclamation law r e q u i r e s  t o p s o i l  rep lacement ,  
u n l e s s  a  t o p s o i l  s u b s t i t u t e  w i l l  be a t  l e a s t  a s  
p roduc t ive  a s  t h e  o r i g i n a l  s o i l .  A l l  hard rock 
overburden m a t e r i a l s  a r e  very  low i n  o r g a n i c  
m a t t e r  and p l a n t  a v a i l a b l e  n i t r o g e n .  Some 
organ ic  amendments , such a s  munic ipa l  sewage 
s ludge ,  can improve s o i l  mois tu re  r e t e n t i o n ,  
i n c r e a s e  CEC, and depending on t h e  n a t u r e  of t h e  



Table: 1.--Srrm?-ar:, c-C trent:fxczlts i r i  tire- R~,i3cli-?fi:< , ~ r l i i  5~rr5, icr  ?rc-,,:ncr:t P?~ i : i i t , c .  

-- - - - 

'i're,~ tmen t . - - -.. - - - - iI'ver5::rde1i TI:?c 
. . - - -. -. . 

67% SS: 337 S i S  

4 0 2  5 s :  5:1' S i  s 

33% S5: 67% S i S  

Pu re  S i l t s t o n e  ( S i S )  1007 S i l t s t o i r e  K, I', K 

S u r f a c e  --.- - - - - - T r e n t a e n t  --- --- .. St::i i j  - - - 

C o i i t r o i  6 7 2  SS: 331 S i S  N, P ,  li 

Topso i l2 '  ( 1 2  i n )  67% SS: '33% S ~ S  !J ,  P, R + 3 . 5  t i n c r r  A% lime 

Sawdust (25 t / n c r e  j 67% SS: 13X S i S  N, p ,  K s 300 L b s i a c r ~  Slow-?!  

Sewngc S ludge  (10 t / n c r e )  67% SS:  332 S i S  None 

Seknge S l u d g e  ( 2 5  t i a c r e )  67% SS: 33Z S i S  N r i r . ~  

Sewage S l u d ~ e  150 t i a c r e )  67" S S :  332 S i S  None 

Sewage S ludge  (100 t / n c r e )  6 7 %  SS: 337' SIS Uone 

j/N, P ,  K f e r t i l i ~ e d  p l o t s  a l l  r e c e i v e d  10011 I b s l n c r e  o f  15-30-15 f e r t i l i z e r .  A l l  p i n t s  were 
s t r a w  nulci~c-ii and liydroseecied to  Kentuckv-71 t a l l  f (>s, . t~e i ~ i i  M;iv 13, 1982. 

-'/'I'f~e " . l 'npsoi l"  m a t e r i a l  l iscd i n  t h i s  expcr!ricpr:t i.s n m i x t t ~ r c  c 3 f  .4, E ,  I!, i: and Sir ss.i! 
i1o1-izons. 

Ectomycorrhizae  have been  found t o  i n c x e a s e  
. , r e s t  t r e e  s u r v i v a l  and growth under  many 
d i f f e r e n t  s i t e  c o n d i t i o n s  ( ~ u e h l e  and Marx, 
1979) .  P i s o l i t h u s  t i n c  t o r i u s  ( ~ e r s  . ) Coker and 
Couch, h a s  been used  s u c c e s f u l l y  f o r  improving 
t h e  performance o f  pir1c.s on recla inted s u r f a c e  
mines (Marx and Artman, 1979).  E a r l y  p i n e  
growth c a n  a l s o  b e  s t i m u l a t e d  by a p p l i c a t i o n  o f  
8 f e r t i l i z e r  p e l l e t  i n  t h e  p l a n t i n g  s l i t  ( ~ e r r y ,  
19751, C o n t r o l l e d  placement  o f  n u t x i e n t s  w i t h  
f e r t i l i z e r  p e l l e t s  c a n  reduce  t h e  over topp ing  of  
s e e d l i n g s  by su r round ing  v e g e t a t i o n ,  which o f t e ~  
o c c u r s  when f e r t i l i z e r  i s  b r o a d c a s t  a p p l i e d .  

The o b j e c t i v e  o f  t h i s  s t u d y  was t o  compare 
t h e  e f f e e t s  o f  v a r i o u s  s a n d s t o n e l s i l t s t o n e  
overburden  m i x t u r e s ,  o r g a n i c  s u r f a c e  amendments, 
and P i s o l i t h u s  t i n c t o r i u s  ee tomycor rh izae  on t h e  
growth o f  l o b l o l l y  p i n e  (P inus  t a e d a  L . )  and 
p i t c h  X l o b l o l l y  p i n e  h y b r i d  ( P i n u s  x r i g i t a e d a )  
seedl ings  a f t e r  two y e a r s  on a  r ec la imed  
s u r f a c e  mine  in Southwestern  V i r g i n i a ,  

METHODS 

The f i e l d  l ayou t  c o n s i s t e d  o f  two s u b t r i a l s ;  
a Rock Mix Study and a S u r f a c e  Treatment  S tudy  

{Tab le  1  ). The Rock Mix Study c o n s i s t e d  of f o u r  
r e p  l i c a t  i o n s  of f i v e  overburden mixes ; p u r e  
s a n d s t o n e  ( sS) ,  2 : l  S S : S i l t s t o n e  ( S i S ) ,  1:l 
SS:SiS, 1 :2  SS:SiS, and p u r e  S iS .  The S u r f a c e  
Treatment  Study c o n s i s t e d  o f  f o u r  r e p l i c a t i o n s  
o f  seven  s u r f a c e  amendments a p p l i e d  t o  a  2:1 
SS:SiS rock  mix. The amendments i n c l u d e d  a  
c o n t r o l ,  12 i n c h e s  o f  t o p s o i l  ( A  + E + B + C  + 
CR h o r i z o n s ) ,  25 t i a c r e  o f  sawdus t ,  and f o u r  
r a t e s  o f  m u n i c i p a l  sewage s l u d g e  (10 ,  25,  50, 
100 t f a c r e ) .  

The s t u d y  p l o t s  were  c o n s t r u c t e d  d u r i n g  t h e  
w i n t e r  o f  1982 on a  f l a t  bench i n  Wise County,  
V i r g i n i a ,  t h a t  was s u r f a c e  mined jn 1973,  
Overburden m a t e r i a l  f o r  t h e  s t u d y  was c o l l e c t e d  
from a  mining o p e r a t i o n  a d j a c e n t  t o  t h e  s i t e .  
S a n d s t a c e  and s i l t s t o n e  overburden were loaded 
and dvwped i n t o  s e p a r a t e  p i l e s .  Once a  
s u f f i c i e n t  amount o f  s p o i l  was c o l l e c t e d ,  t h e  
s p o i l s  were  mixed i n  t h e  r e q u i r e d  r a t i o s  and 
p l a c e d  i n  t h e  c e n t e r  of each  10 X 20 f t  p l o t ,  
A f t e r  a l l  s p o i l  m i x t u r e s  were  i n  p l a c e ,  e a c h  
p i l e  was g raded  f l a t  w i t h  a  s m a l l  fB-41 
b u l l d o z e r ,  t a k i n g  extreme c a r e  t o  minimize 
compact ion.  Once g r a d i n g  was completed,  t h e  a r e a  
was e s s e n t i a l l y  f l a t ,  w i t h  a  s p o i l  dep th  o f  4  f t  
o v e r  a  h i g h l y  compacted u n d e r l y i n g  bench. 

The twenty p l o t s  o f  t h e  Rock Mix Study and 
t h e  c o n t r o l  p l o t s  o f  t h e  S u r f a c e  Treatment  S tudy  



tach r e c e i v e d  1000 l b s f a c r e  o f  15-30-15 (N-P-K) 
g r a n u l a r  f e r t i l i z e r ,  c o n s i s t i n g  o f  amaonitlm 
n i t r a t  e ,  diammonium phospha te ,  and po tass ium 
c h l o r i d e .  The t o p s o i l  was limed w i t h  3.5 t f a c r e  
of a g r i c u l t u r a l  l ime t o  b r i n g  t h e  n a t i v e  pH 
(1 .5)  u p  t o  t h a t  o f  t h e  2 : l  SS:SiS rock  mix, and 
f e r t i l  i zed  t h e  same a s  t h e  c o n t r o l  and Rock Mix 
p l o t s ,  Sawdust p l o t s  (25  t f a c r e )  were  a l s o  
f e r t i l  i z e d  and r e c e i v e d  a n  a d d i t i o n a l  300  l b s  
E."/acre a s  u rea  t o  compensate  f o r  a n t i c i p a t e d  M 
ivmobi l i z a t i o n .  No f e r t i l i z e r  was a p p l i e d  t o  t h e  
s l u d g e  t l e a t m e n t s .  During May, 1 9 8 2 , a l l  p l o t s  
were  mulched w i t h  80 l b s l a c r e  s t r a w ,  and 
h y d r c s e e d e d  w i t h  a  w a t e r  s l u r r y  c o n t a i n i n g  150 
:ks/ae r e  Kentucky-31 f e s c u e  and 750 l b s f  a c r e  
wood f i b e r  mulch, 

Tn A p r i l ,  1983, p i n e  s e e d l i n g s  were  p l a n t e d  
i n  h a l f  o f  each  p l o t  on  a  2.5 X 2.5 f t  s p a c i n g .  
S e e d l i n g s  i n  t h e  Rock Mix S tudy  were  p l a n t e d  
w i t h  a n  Agri form 21 g f e r t i l i z e r  p e l l e t .  
C o n t a i n e r i z e d  lob10 f l y  p i n e s  and t f : ~  e e  f a m i l i e s  
of p i t c h  X l o b l o l l y  p i n e  h y b r i d s  were  grown i n  
Spencer -Lamai re  r o o t  t r a i n e r s  la ill son model,  
150 c c l c a v i t y )  f o r  1 6  wk p r i o r  t o  o u t p l a n t i n g .  
Ha l f  o f  t h e  s e e d l i n g s  were i n f e c t e d  wi th  
P i s o l i  t h u s  t i n c t o r i u s  by mixing b a s i d i o s p o r e s  
w i t h  t h e  growth media ( v e r m i c u l i t e  and p e a t ;  1:l 
v f v )  E a c h  o f  t h e  t h r e e  f a m i l i e s  o f  h y b r i d s  and 
t h e  l o b l o l l y  p i n e s  were  iandomly a s s i g n e d  t o  one 
o f  f o u r  rows w i t h  Pour p l a n t i n g  s p o t s  i n  each  
row. Each p l o t  was s p l i t  such t h a t  o n e  s i d e  
c o n t a i n e d  m y c o r r h i z a l  t r e e s  and t h e  o t h e r  s i d e  

ni,n-rnycorrhi z a l  t r e e s .  The p l o t  l a y o u t  p rov ided  
two p l a n t i n g  s p o t s  f o r  each  spec ies /n rycor rh izae  
cnmbinat i o n ,  A1 1 herbaceous v e g e t a t i o n  was 
e l i m i n a t e d  w i t h  s e v e r a l  a p p l i c a t i o n s  o f  
g lyphopspha te .  A f t e r  t h e  second growing s e a s o n ,  
s u r v i v a l  was a s s e s s e d  and h e i g h t s  and d i a m e t e r s  
k t b r e  measured,  

The Rock Mix and S u r f a c e  Treatment  S t u d y  were  
ana lyzed  separa te ly  a s  s p l i t - p l o t  d e s i g n s ,  
Duncan's M u l t i p l e  Range T e s t  was u s e d  t o  
s e p a r a t e  means f o r  each t r e a t m e n t  e f f e c t  i n  e a c h  
cf t h e  two s t u d i e s .  

RESTII~TS AND DISCUSS3 GEI 

Overburden rock t y p e  hed no effect  on 
s u r v i v a l  b u t  g r e a t l y  a f f e c t e d  s e e d l i n g  g rowth  
a f t e r  two y e a r s  (Tab le  2 ) .  Growth was lowes t  on 
t h e  p u r e  S i S  p l o t s  and improved a s  t h e  SS 
component i n c r e a s e d .  Average volume index  on  
p u r e  SS p l o t s  was a lmos t  300% g r e a t e r  t h a n  on 
S iS  p l o t s .  According t o  D a n i e l s  and co-workers 
(19831, t h e  pH and s o l u b l e  s a l t  l e v e l s  o f  
s u b s u r f a c e  s o i l  samples  (10-12 i n  ) c o l l e c t e d  i n  
Oc tober ,  1982,  were  much h i g h e r  on t h e  S i S  p l o t s  
(8.1 and 202 ppm, r e s p e c t i v e l y ,  v e r s u s  6.0 and 
0 4  ppm on SS) ,  T h i s  may have caused  t h e  poor  
growth and c h l o r o t  i c  banding o b s ~ r v e d  c n  n e e d l e s  
o f  some t r e e s  i n  t h e  p u r e  S iS  p l o t s .  

T a b l e  2 . - -Treatment  e f  f e e t 3  on  t r e e  s i i r v i v a l ,  h e i g h t ,  c t i a m e t e r ,  and volume on t h e  R o c  k-\ti% S t r ~ d ) .  . 

Rock-Mix E f f e c t  

Pu re  S a n d s t o n e  JSS)  

P u r e  S i l t s t o n e  ( S i S )  94 a 43 .6  d 8.7 d 39 b 

M v c o r r b i z a e  E f f e c t  
A -- - 

C o n t r o l  88 3 4 0 . 8  a 10.7 a 
-, 
~ " t  a 

P i s o l i  t h u s  tinc t o r i u s  - - - 93 a 49.0 a 10.7 a 68 a 

S p e c i e s  E f f e c t  - 

31x22 H v h r i d  89 a h  $ 9 . 5  a 10.8 n  
- ,. 
1 -  b 

78x22 H y b r i d  ?2 a b  48.3 a 10.9 n 71 5 

78x26 H y b r i d  98 a 51.3 a 11.8 a  92 a 

l i ~ o r  e a c h  e f f e c t ,  v a l u e s  w ~ t h r n  a column f o l l o w e d  bv t h e  care  l e t t e r  a r e  n o t  ~ l g ~ i f ~ e a n t ~ v  
d r f f e r e n t  (0 = 0.05). 

c l i ~ o l u m e  = ( i l i a m e t e r ) '  x I s e i g h t .  



Tab le  3.- -Treaewei~t  e f f e c t  on tree s :~rv i - .~a l ,  i:@ii:i?t, , . ! innc-ter, and v(4i:~mp en tbi.  S i ~ r f , ? - e  ?rc.atrei:t F:!ic!).. 

Amendment E f f e c t  - - ---- - - 
Cont ro l  88 2" 35.4 J h . f i c i i  ~ c t i  

Sawdust (25 t i a c r e )  9; a 42.3 a 10.4 a 59 a 

S l u d g e  (25 t ~ a c r e )  89 a 4 1 . i  ab 8.2 b 35 h 

Sludge 150 t / a c r e )  70 b 39 .3  ab 7.3 bc 30 bc 

Sludge (100 t / a c r e )  56 c 39.5 ab 6.3 d 17 d 

F&~>r rh izae  E f  f e e t  

Cont roZ 82 a 38.2  a 7 . 0  a 25 b 

P i s o l i t i i u s  t i n c t o r i u s  86 a  39 .8  a 8 . 2  a 36 a 

Spec ie s  Ef feet 

71x22 Hybrid 

78x22 Hybrid 

;8x25 Hybrid 

Lob lo l ly  p i n e  66 b  4 1 . 2  a 7.0 a 29 a  

l i p o r  each  e f f e c t ,  v a l u e s  w i t h i n  a column fol lowed by tire sa re  l e t t e r  are n o t  s i p n l f i c a n t l v  
d i f f e r e n t  ( n  = 0 .05) .  

2/Volurne + ( ~ i a m e t e r ) '  x Weight. 

There was no s i g n i f i c a n t  volume d i f f e r e n c e  
between t r e e s  on t h e  pure  SS and t h e  2 : l  SS:SiS 
mix, We b e l i e v e  t h a t  t h e  2: l  mix w i l l  e v e n t u a l l y  
develop i n t o  t h e  most d e s i r a b l e  s o i l  a f t e r  
a d d i t i o n a l  years  of weathering.  Other r e s e a r c h  
i n d i c a t e s  t h a t  some of t h e  most p roduc t ive  post-  
mining s i t e s  have formed on a  2: 1 SS:SiS mix ture  
( ~ o w a r d ,  1979). 

I n  t h e  Sur face  Treatment Study,  a  2:1 SS:SiS 
mix se rved  a s  t h e  c o n t r o l .  The t o p s o i l  
t rea tment  i s  s i m i l a r  t o  "normal" o p e r a t  iona 1 
rec lamat ion  procedures;  n a t i v e  s u r f a c e  s o i l  i s  
rep laced  and then  limed and f e r t i l i z e d  t o  
suppor t  a  ground cover ,  I n  t h i s  s t u d y ,  t h e  
t o p s o i l  t rea tment  was one of t h e  poores t  wi th  
r e s p e c t  t o  p i n e  s e e d l i n g  performance (Table 31, 
There was no d i f f e r e n c e  i n  growth between t r e e s  
p lan ted  i n  t o p s o i l  and t h o s e  p lan ted  i n  t h e  
unamended overburden. The b e s t  growth occurred 
i n  t h e  sawdust p l o t s ,  where volume index 
averaged almost  300% h i g h e r  than  t h e  c o n t r o l  and 
t o p s o i l  t rea tments .  

Municipal sewage s ludge  b e n e f i t e d  s e e d l i n g s  
a t  t h e  lower a p p l i c a t i o n  r a t e s  (10 & 25 t / a c r e ) ,  

bu t  had a  d e t r i m e n t a l  e f f e c t  a t  t h e  h i g h e s t  
r a t e s  (50 & 100 t f a c r e ) .  Seedl ing volume a t  t h e  
two lowest r a t e s  was s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h a t  on c o n t r o l  and t o p s o i l  p l o t s .  There was no 
d i f f e r e n c e  i n  s u r v i v a l  between t h e  low r a t e  
s ludge  t r e a t m e n t s  and t h e  non-sludge t rea tments ;  
b u t  a s  s ludge  r a t e  increased  t o  50 t f a c r e ,  a  
s i g n i f i c a n t  d e c l i n e  i n  s u r v i v a l  (70%) and growth 
occurred.  At 100 t / a c r e ,  s u r v i v a l  dec l ined  t o  
56% and t h e  average volume index was e q u i v i l e n t  
t o  t h e  c o n t r o l  and t o p s o i l  p l o t s .  

An a p p l i c a t i o n  r a t e  of 100 t / a c r e  included 
4225 l b s  N/acre. We b e l i e v e  t h a t  m i n e r a l i z a t i o n  
of  t h i s  l a r g e  q u a n t i t y  of N r e s u l t e d  i n  h igh  
l e v e l s  of n i t r a t e s  which were t o x i c  t o  t h e  p i n e  
s e e d l i n g s ,  I f  o n l y  10% of t h e  a p p l i e d  N was 
a v a i l a b l e  dur ing  t h e  f i r s t  y e a r ,  t h e r e  would 
have been a p p r o x i m t e l y  425 l b s  Nfacre i n  
s o l u t i o n .  A t o x i c i t y  problem could have been 
aggravated by t h e  e l i m i n a t i o n  of a l l  herbaceous 
v e g e t a t i o n  which would have absorbed some o f  t h e  
n i t r a t e s  a s  they  were r e l e a s e d  from t h e  s ludge.  

The e f f e c t  of t h e  f e r t i l i z e r  p e l l e t  on 
s e e d l i n g  growth was apparent  when comparing t h e  



a v e r a g e  t r e e  volumes o f  2 : l  SS:SiS p l o t s  o f  t h e  
Rock Mix  Study (93 cm ) w i t h  t h e  c o n t r o l  p l o t s  
of t h e  S u r f a c e  Treatment  S tudy  (21 cm 1, These 
t r e a t m e n t s  were i d e ~ t i c e l  excep t  t h a t  t h e  t r e e s  
i n  t h e  Rock Mix Study were  p l a n t e d  w i t h  a  
f e r t i l g z e r  p e l l e t .  The f e r t i l i z e r  p e l l e t  
i n c r e a s e d  t r e e  h e i g h t  by SO%, d iamete r  by 70%, 
and v o l u s e  index by 350%. Narx and Artntan 
(1979)  found t'tlat f e r t i l i z e r  p e l l e t s  s t i m u l a t e d  
1 o b l o l P y  p i n e  growth f o r  s e v e r a l  y e a r s  on a n  
a c i d  c o a l  s p o i l  i n  Kentucky,  b u t  once n u t r i e n t s  
from t h e  p e l l e t  were d e p l e t e d ,  growth inc rement s  
d e c r e a s e d  and K d e f i c i e n c y  symptoms appeared  i n  
t h e  f o l i a g e .  F e r t i l i z e r  p e l l e t s  enhance e a r l y  
g rowth ,  a l lowing  t h e  s e e d l i n g s  t o  compete w i t h  
t h e  s u r r o u n d i n g  veget a t  i o n ;  however,  a d d i t  iona 1  
n u t r i e n t s  w i l l  have t c  be  added o r  o t h e r w i s e  
s u p p l i e d  by t h e  s i t e .  

M y c o r r h i z a e  have been found t o  a i d  s u r v i v a  1 
and g r o w t h  of p i n e s  on rec la imed  s u r f a c e s  i n  
many i n s t a n c e s ;  however,  t h e y  d i d  n o t  have an  
e f f e c t  on s e e d l i n g  growth i n  t h e  Rock Hix Study.  
Roots g r o w i n g  r a p i d l y  due t o  h igh  s o i l  f e r t i l i t y  
a r e  n o t  s u s c e p t a b l e  t o  i n f e c t i o n  ( ~ a r x ,  1977) ;  
f u r t h e r m o r e ,  s e e d l i n g s  would n o t  be  expect ed t o  
b e n e f i t  n u t r i t i o n a l l y  from mycor rh izae  when a 
r e a d i l y  a v a i l a b l e  s o u r c e  o f  n u t r i e n t s  a r e  
p r e s e n t  . Mycor rh iza l  t r e e s  n o t  p l a n t  ec! wi th  z 
f e r t i l i z e r  p e l l e t  had s i g n i f i c a n t l y  g r e a t e r  
v o l u m e s  due t o  enhanced d i a m e t e r  growth;  
however  , f e r t i l i z e d  non-mycor rh iza l  seed l i n g s  i n  
t h e  Rock  Mix S tudy  had g r e a t e r  h e i g h t s ,  
d i a m e t e r s ,  and t w i c e  t h e  volume of non- 
f e r t i l  %zed i n f e c t e d  t r e e s  i n  t h e  S u r f a c e  
T r e a t m e n t  Study.  

T h e r e  i s  some concern  about  t h e  f e a s a b i l j  t y  
o f  p l a n t i n g  l o b l o l l y  p i n e  i n  t h e  c o l d  c l i m a t e  of 
S o u t h w e s t e r n  V i r g i n i a .  I n  o t h e r  s t u d i e s ,  p i t c h  
X lob101 l y  p i n e  h y b r i d s  have shown p o t e n t i a l  t o  
grow a s  r a p i d l y  a s  l o b l o l l y  p i n e  and r e t a i n  t h e  
c o l d  h a r d i n e s s  o f  p i t c h  p i n e  ( L i t t l e  and Trew, 
1979) .  T h i s  s t u d y  i n d i c a t e s  t h a t  t h e  h y b r i d  may 
o u t - p e r f o r m  l o b l o l l y  p i n e  d u r i n g  e s t a b l i s h m e n t ,  
The h y b r i d s  were  more s u c c e s s f u l  i n  s u r v i v i n g  
t h e  w i n t e r  and began growth e a r l i e r  i n  t h e  
s p r i n g ,  I n  t h e  Rock Mix S tudy ,  a l l  o f  t h e  
h y b r i d  f a m i l i e s  had g r e a t e r  d i a m e t e r  growth and 
volume i n d i c e s  t h a n  l o b l o l l y  p i n e .  One 
p a r t i c u l a r  f a m i l y  (76 X 26)  had a  g r e a t e r  volume 
t h a n  t h e  o t h e r  f a m i l i e s  and s u r v i v e d  
s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  l o b l o l l y  p i n e s ,  
Ftithout: t h e  f e r t i l i z e r  p e l l e t ,  t h e  d i f f e r e n c e s  
b e t w e e n  l o b l o l l y  p i n e  and t h e  h y b r i d s  were n o t  
a s  g r e a t .  The h y b r i d s  t ended  t o  have g r e a t e r  
d i a m e t e r s ,  bu t  t h e  l o b l o l l y  p i n e s  were  t a l l e r .  
A l t h o u g h  l o b l o l l y  p i n e  s u r v i v a l  i n  t h e  S u r f a c e  
T r e a t m e n t  Study (66x1 was s i g n i f i c a n t l y  lower 
t h a n  t h e  a v e r a g e  o f  a l l  t h e  h y b r i d s  (90%) ,  t h e r e  
were no s i g n i  f i c a n t  volume d i f f e r e n c e s  . 
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Abs t rac t . - - -Af te r  s i x  prowing s c ? s o n s ,  i n t c r p l a n t i n p  n 
hardy  p e r e n n i a l  legume ( s e r i c e a  l e ~ p e c t e z a j  h a s  reduced ti ic 
h e i g h t  and d ia rce te r  growth of young l o b l o l l v  p i p e s  on e r o d e d ,  
up7and s i t e s  by 9.37 and 13.27, r e s p e c t i v e l v .  C n ~ t r o L  p i n e  
s e e d l j n g s  averaged 0.8 "t (300 ern) h e i g h t ,  w l ~ i ? e  t h e  b e s t  
t r e a t r e n t  s e e d l j n g s  (legume and f e r t i l i z a t i o n )  averaged 9 . ?  f r  
( 2 8 3  em) h e i g h t .  F e r t i l j z 2 t i o n  w i t h  50 i b r l a c r e  (56 k g j h a )  
VPK p a r t i t l l y  o f f s e t  t h e  i n h i b j t i n g  e f f e c t s  of t h e  s t r ip - sown 
s e r i c e a ,  b u t  C c l i a g e  a n a l y s i s  o f  p inc  r e e d l e s  showed no 
d i f f e r e n c e  i n  e l ementa l  n u t r i e n t  c o n t e n t  anwng t r e a t n l c n t s .  
O u a n t i t y  and c o n p o s i t i o n  of competing ~ b o v e g r n u ~ i d  biomass 
d i f f e r e d  s i g c i f i c a n t l y  among t r e a t n m t s  w i t h  legumes compric- 
i n g  50 t o  80% of p l o t  d i f f e r e n c e ? ,  i n d i c a t i n g  t h a t  legrlnies mav 
have  p rov ided  s i g n i f i c a n t  c o m p e t i t i o n  f o r  s o i l  m o i s t u r e  and 
n u t r i e n t s .  S o i l  m o i s t u r e  2nd compact ior  ~ e a s u r e r ~ e n t s  showed 
n c  ~ i g n i f i c a n t  ilnprovemert of t h o s e  f e n t ~ i r e s  due t c  t h e  Legume 
p l a n t i n g s .  

INTRODUCTION 

The Piedmont Reglor! of t h e  s o u t h e a s t e r n  
Uni t ed  S t a t e s  i n c l u d e s  s u b s t a n t i a l  a c r e a g e  c f  
ove rworked ,  abandoned Farmland t h a t  i s  cha rac -  
t e r i z e d  by sha l low o r  no t o p s o i l ,  low f e r t i l i t y ,  
and poor  s o i l  p h y s i c a l  p r o p e r t i e s .  Many such  
a c r e s ,  e x h i b i t  poor  f o r e s t  p r o d u c t i v i t y  and 
symptoms of l i t t l e l e a f  d i s e a s e  (Phy toph thora  
cinnamomi) where o l d - f i e l d  s h o r t l e a f  p i n e  !Pinus 
e c h i n a t a )  h a s  become e s t a b l i s k e d .  Subsequent  
r e p l a n t i n g  of t h e s e  eroded o l d  f i e l d s  w i t h  
l o b l o l l y  p i n e  (g. t a e d a )  h a s  n o t  a l l e v i a t e d  t h e  
symptoms caused by t h e  poor  s o i l s  (C-oebeT e t  a l .  
1974).  I n c r e a s i n g  demands r o r  f o r e s t  p r o d u c t s  
and t h e  d i m j n i s h i n g  l and  b a s e  f o r  f o r e s t  
p r o d u c t i o n  a rgue  f o r  i n c r e a s i n g  p r o d u c t i v i t y  of 
t h e s e  n e g l e c t e d  f o r e s t  l a n d s .  

I n  ? 975 ,  when t h i s  s t u d y  begsn ,  ev idence  
i n d i c a t e d  t h a t  f e r t i l i z a t i o n  cou ld  a l l e v i a t e  
n u t r i e n t  d e f i c i e n c y  on most o f  t h e  marg ina l  
s i t e s  i n  t h e  Piedmont (Fengston 1968) ;  b u t  poor  
p h y s i c a l  p r o p e r t i e s ,  e .g .  s o i l  compact ion,  poor  
a e r a t i o n ,  and poor  m o i s t u r e  r e l a t i o n s ,  would 
l i m i t  t h e  e f f e c t i v e n e s s  of such  f e r t i l i z a t i o n  

I ' p a p e r  p r e s e n t e d  a t  Sou the rn  S i l v i -  
c u l t u r a l  Resea rch  Confe rence ,  A t l a n t a ,  Georg ia ,  
November 7-8, 1984. 

E / ~ s s o c i a t e  P ro f  e s s o r ,  Department of 
F o r e s t r y ,  Clemson U n i v e r s i t y ,  Clemson, South 
C a r o l i n a .  

( F r o e h l i c h  1973) .  Tr edditictr: ,  t h e  r i s i n g  c o s t  
and wor1Z-wide s h o r t a g e  of c o r r m ~ r c i a l  f e r t i l j l e r  
sugges ted  t I la t  i n c r e a s ~ d  c o s t  would make a r t i f i -  
c i a l  f e r t i l i z a t i o n  economical ly  q u e c t i o n a b l e  for 
widespread u s e  on the  marg ina l  Piedmont s i t e s ,  
i . e .  t h e  c o s t  c f  n i t r o g e n  f e r t j l i z e r  F2.d r i s e n  
600 p e r c e n t  from 1971 t o  1975 (Douglas 1975) .  
A s  a  r e c t t l t  of t h e s e  c o n s i d e r a t  i o n s ,  a  l e s s  
e x p e n s i v e ,  b i o l o p i e a l  vethod of i n c r e , - , s i ~ g  so i l .  
f e r t j l i t y  and a m e l i o r n t i n g  Door p o i 1  p h y s i c a ?  
p r o p e r t i e s  sremed d e s i r a b l e  f o r  imprcving f o r e s t  
p r o d u c t j v i t y  on t h e  m a r g i n a l  P iedpen t  s i t e s .  

A r ev iew of t h e  l i t e r a t u r e  i n d i c a t e 6  t h a t  
deep- roo ted ,  n i t r o g e n - f i x i n p  p e r e n n i a l s  nlight 
i n c r e a s e  soi!  f e r t i l i t y  krhile a m e l i o r a t i n g  t h e  
a d v e r s e  physica! p r o p e r t i e s  of poor  s o i l s  
( K i t t r e d g e  1948, Cbapman and Lane 1951, Zu31 
1959, Pimente: e t  a1 .  19731. I n  a d d i t i o n ,  o b s e r -  
v a t i o n s  of t h e  b e n c F i c i a l  e f f e c t s  of p l a n t i n p  
n i t r o g e n - f i x i n g  legumes, such a s  l u p i n e s ,  a l o n g  
w i t h  f o r e s t  t r e e  s p e c i e s  on poor  c i t e s  i n  Europe 
i n d i c a t e d  t h a t  c o n s i d e r a b l e  p a j n  in f o r e s t  produc- 
t i v i t y  cou ld  be  ach ieved  c v e r  s e v e r a f  a e c a d e s  
(Baul e  and F r i c k e r  19701. Far1 i e r  l i t e r a t u r e  
r ev iews  suggec ted  t h a t  agriculturally jmpor tan t  
K-f ixing I ~ g u m e s  o f f e r e d  much i n  t h e  way of s o i l  
improvement and t h a t  t h e  Lespedeza s p e c i e s  might  
be  s u i t a b l e  f o r  t h e  e roded ,  low p13, somewhat 
d rough ty  heavy c l a y s  of t h e  Piedmont (FThyte e t  a l .  
1953, 1 , u l l  1959) .  S h o r t l e a f  p i n e  i n  Nortt ,  
C a r o l i n a  appeared t o  g r e a t l y  b e n e f i t  from a s s o c i -  
a t i o n  w i t h  s e r i c e a  l e s p e d e z a  (Lespedeza c u n e a t a ) ,  
which c o n t i n u e d  t o  grow we71 under  t h e  t r e e s  f o r  a  
number of p e a r s  ( K i t t r e d g e  1948).  Vogel (1973) 



r e p c > r t e &  c 5 :  : ~ p r < ~ ~ p  ~i::;j5edi?%il s t i r t r ' a t c ~ ?  i-he 
g - r r \ ~ < t j ;  CC li'l:; c.Jl;l pi:?< cr; rna? r;lr>c FI:C~LS i n  
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v - i n p  r i - .&I  f:: t I s C I  I,;c.r"~eat. tf ?i:utb Carolin; I n d i c a t c i  
i > p t  ?nl . lcqb:>- p i l e  $e~:c~i : l - i -d  5ri.r: 5 - e  a n e l i o r a -  
tf-:; f:"'cc&s 0: lhc :  't2giJme, 

- . t r r i i r ~ ? ~  ~ P - F '  CO:;I~ ~t ,6 0 - CVO P I - o ~ P C J ,  

I ? ~ , q r l v  c:;~ volririd f o r i  st sites o r  t ' rc C L c m s I - r ,  
V n l v e r ~  " t-2- E-cperi-i c 1:: ;rl Srre~t > i i  tlie uppc 
P"_ce'.irunt 0-  S c ~ i  th farrsl-in: . L-cth s i t e ( -  cvc.re 
i-mi-c?-ly abando; L (' ; ip r ic l r  VI.P cL land hill: c11 had 
F P  ti- ;ii-gear-ole, rtjxc?d-:;l;.:.r:ci hardtinorls  and 
c t c i r  t l e z i  p11.c p r o v f p t ~  pi' t h e n .  itluc'ri o f  t h e  
~ ' r o r t l l r a f  p i n e  exhi1, i t rd  svn-p:cr;s c r  l i t t 7 c d > 2 f  
dic~lnie I n d i c , ) t  li:g t h e  p c r ~ e s s  of t h e  s n i  'I , an  
e r ~ ; ~ . ~ ~  cia-r-Ioar c F the C e c i  7 --".';,disc11 , ~ c z r \ c i -  
- I The stic;' r f  tes w c r c  c" e a r c u t ,  s l ~ r a r e d  
a n d  d i  s l t ~ d ,  nr,d I8 ;~* ,? -~ " !a l t r r> ; I  crig t h e  co-ltiwr 
r ;ti> 7 $ r ?  bar,-ln"i7f l o h l ~ 7 ' t  pine s ee i ' l l ' np s  at 
7 Y 8 fi irr : p p c i n g  ir. '; l-c S p r i ~ ~ r  rf 1975. A 
rzvco??; icS z n ~ p ?  r t ,  t l i ~ c k  expcz 57-ental dc:-ign 
w f l c  ;rpos~d r-  rlhe study a r c r s  w i t h  L b!ocks, 
t h r e r  c- crie site znc7 one 02 t h e  o t l i e r  t o  
acco t l r t  f o r  p o s ~ i b i r  m i n o r  s-te qualit\- changes .  
Pour  c r p c  rknenta ,  t r ~ a t r c n t  s v c r e  randon,' ;- 
i n s t a i  l e d  i n  et-rF b l o c k .  Trc,~tments  were 
3.i . t - t -ai led e r  or3e--~I,-tith ~ c r - e  rectangr~;r;.r p l o t s  
w i t h  c?e- i~a l f  cha in  5 r x q f p r  s tr lr i- ,  ?reatrt lcyt 
cc:-ditli.i.r ccn,;i..;tei c i $  ( 1 )  a c e ~ t r o *  w i t h  no 
trr$tment, ;:) S r ~ a d c , ? ~ t  fertil f z o t  ion w i t h  
56 Ibs p c r  a c r e  (51: i.g/"na) of  N i i l '  in comrnercj;*l 
f 0i-r (3)  s t r l r -  sowing in::c.ru3 2tecs e r i i c e a  
i e c p e d ~ ~ a  cecb  a t  25 iSs p e r  a c r e  ( ? P  Fgiha )  
berrwecr: r?t7e of pia i7 t rd  p i n e s ,  arid ( L )  f e r t i S S -  
2 a t 2 r , r  zn3 s f -7 '2 -scwing  s c r i cen  a t  t h  preceding, 
rates. 

S u n  ival ant! I - t i g h t  o f  dl! r e e d ?  i n g s  cnd 
hc;c?l  d i a r l c t e r  of evcry rigti; se~d?ir,g were 
neasured st I ,  3, 5, ant3 C y r s .  After 5 growing 
se?qcnF ,  p f q e  seed3ing n b q v e p r c r r ~ ~ d  b i o n ~ s s  wzs 
de t c rp inee J  frcr 5 sredljrgs. h a r v e s t e e  ;t random 
f r -7  c;&cll t r e a t n - c x t  plrt (3P c~edllxps pt3r  
t ren t r -en" ,  ). Sccr '14?p  t.iov;i>,i. .,as s e p a r a t ~ d  i n t o  
to i -p4 ster) ; i i i l - )  a ~ l d  n e e d l r  cc)mponents 2nd 
Cir?l~e ;t i 6 5 ' C  fo:+ PTS i n  a l i ~ r c e d  a i r  oven 
herore w e  ' el-ting. P j r c  fici' i a p e  bas  silbcarnpl er' 
for r racro-rrr t r lent  a?;;jTysis zccnrdfng t o  
F U ~ ~ C S ~ ~ P P C  c s  J;-c:Is 61969). S C T ~ C ~ P *  o t h e r  
h e r b r c ~ n ; : ~ ,  and qcr-pine wocd7- ~ b o r r ~ g r n u n t i  
 bin-.^^,^ was d e t c ~ i n i i d  a t  ;.pr 5 years b) 
cl2pp'np 2nd uclpFfng "3 r h n d c a i \ - s e l e c t r d ,  
i - . n ~ - F , a i ~  peter :c~I\~TE: p i r t , ~ ,  i(7, $5 m2j fro.ir each 
one-i? i p h t h  acre  t,r,qtr-ert pl t,t . Guring t l ; ~  
s i ~ m e r  of t k c  tl~iri? grrwirg seasor? s o j  l mols t r i r r  
I " ~ ; , s u T c - ~ c : ' ~ s  w e r e  tal  rn week1.r 'rorr Bouyoucc\c 

I - L o e k ~  l . ~ i i e d  a t  6 aszd 1 P  i ~ c k e r ;  bep th  a t  f o u r  
7rcati~ns ir r r r h  treatr;cr:t p l o t ;  s o i l  compact ion 
w2s mclascred n,~onthi** zt i i v p  ranililirnlv selecf-rr" 
locaticnr 5n each p ' o t  w i t h  a p r ~ : ~ i r g  l i n p  
7crct rernct i . r :  ,?:id s o i l  org;.pic m g t t c r  t:&s 
Cetreminen" I..c t h e  Walitiei--P:ack rnetkud From 
5 ccnpositc sci '  saziples t aken  a t  4-6 Srches  
66-pth in esc" p'at. The cip~~ificance i?f 

+rratr*ic;~?_ mean differc~ces was t e s t e d  a t  t h e  
-05 f e t e :  with pnalvsis of ~ a r i a ~ c c  p r o c e e r r e  
ard ' t ~ ~ 2 t n ~ j 7 t  r-eans were i ~ d i v i c l u a l l _ x ~  c o ~ p a r c d  
w i r b  Dunc~n'i: Yet; Plulitip'e F a ~ g e  Te r f - .  

P i r e  F e l g h t  ano i i a ~ e t e r  a t  ~ g e  six were 
r ~ d r r c e o  bir 9 .3  p e r r e n t  and 13.? p e r c e n t ,  
r l t s p e c t i v ~  ' - 7 ,  a i ' t ~ r  i r t - e r p l a n t i n g  on a n  ero8cd 
Pjedr ront  site w i t h  s t r ip-sown s e r i c e a  l e spedeza  
(Tcbie  I). Aoeition o f  NPF f e r t i l i z e r  a t  t h e  t ime  
of s t r j p - h o ~ i n g  t h e  Z~gume improved growth of 
lepures and t h e  pines, but  p i n e  h e i g h t s  were s t i l l  
significantly l e s s  t h a n  t h c s e  on t h e  c o n t r o l  
p l o t s .  Survjyrs l ,  which was below norrral on a l l  
p l o t s ,  war u n a f f e c t e d  bv s i t e  t rpn tn jen t s .  The 
reduced su rv iva l  was prebab ly  due t o  an ex tended  
d r v  p e r t o t  t h a t  occur rcd  f o l l o w i n g  t h e  t r e e  
p l a n t  ice; in e a r l v  Wz?. 

T a t ?  c I .  Wean F c i g h t  , Diameter  and S z r v i v a l  of 
LobLol7v Pine S e e d l i n g s  Six Year4 Aftcr  Tn te r -  
p l a n t 4 n g  w i t h  S e r i c e a  Lespcde-za on an Froded 
Piedmcrt  S i t e .  

E a s a l  
Treatment  Neight- n i a m e t e r  Surv iva l  

(cm) (~~31) t X )  

Ccnt ro l  30023 68a 53a 
F e r t i l j ~ c r  ?78bc 4 3bc 59a 
Sel-icea 272c 5 9c 59a 
S e r i c e a  -t 

F e r t i l  izer 2 P 2 b  65ab 57a 

i/bTeans w i t h i n  c o l u ~ n s  fol lowed by sane  l e r t e r  a r e  
no t  s q p v i f j c a n t l p  d i f f e r e n t  a t  t h e  ' 05  l e v e l .  
"can h e i p F t s  a r e  based o ~  an ave rage  of 2 2 1  
s e e d l i n g s  oer t r e a t m e n t ,  mean d i a m e t e r s  on a n  
ave rage  of I? s e e d l i n g s .  

Aboveground biomass of s e r i c e a ,  o t h e r  he rha -  
ceous,  2nd non-pice vcody p l a n t s  was g r e a t e s r  
after f i v e  growing seascns on t h e  plots which were 
f e r t i  1 i z e d  and  s t r ip - sowr  w i t h  s e r j c e n  (Table  2 ) .  
T o t a l  nor,-pine aboveground b i o n ~ e s  was 52 p e r c e n t  
g r e a t e r  on fertilized and ser icea-sown p l r t s  t h a n  
t F a t  on t h e  c o n t r o l  p l o t s .  S e r i c e a  comprised 
63 p e r c e n t  of  t h e  t r e a t m e n t  b i c o a s s  d i f f e r e ~ c e s .  
The  s t r i p - s r w ~  s e r i c e a  G a s ,  t h u s ,  a d d i t i v e  t o  
t o t a l  aboveground b i o n a s s  r a t h e r  than  s r r b s t i t u t i n g  
f o r  o t h e r  herbaceoue hiomass which was, i n  f s s t ,  
! n c r e ~ r e d  2 1  p e r c e c t  by t h e  f e r t j l i z e r  and s e r i c e a  
t r e a t m e n t .  Excer t  f o r  t h e  a l d i t i o n  OF t h e  s e r i c e a  



on t h e  s t r i p - s o ~ m  p l o t s ,  t h e  r t h e r  t r e a t r e n t s  
d i d  n o t  d f f f e r  i n  t o t s :  non-pine Finmass.  

Tab le  2, Mean Oven Drv :&?eight of S e r i c c a ,  Other  
MerFac e o u s ,  ar,d T o p - ~ i n e  !i'crcfy rJ lants  F i ' ~ e  
Years  2 f t e r  T n t e r p l a r t l n g  Lo3iolly P i n e  
S e e d l i ~ g s  a ~ d  S e r i c c a  T.espedera rri an Proc'eb 
P i~c? . i ro  n t  S i t e .  

Idoody e t h e r  
Treatmere t d l  ll:' S e r i c e a  Stems Rerbiico-ous 

C o n t r o l  53.7a 0.Oa 8.na 45.0a 
F e r t i l i z e r  53.5a 0 .3a  h . 5 a  46 .7a  
S e r i c e a  5 7 . 1 ~ 1  4.9b 7.9a 4 4 .  ?a  
S e r i c e a  + 

E e r t i L i z e r  81.Sb 17.7~ P.8a 55. l b  

L / ~ o l u m n  means a d j a c e v t  t o  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  -05  l e v e l .  Means 
a r e  b a s e d  on c l i p p i n g s  From 80-0.25 m2 p l o t s  p e r  
t r e a t m e n t .  

I K e a n  d r y  we igh t  of  p l a n t e d  p i n e  s e e d l j n g s  
was i n e x p l i c a b l y  g r e a t e r  a f t e r  5 growing s e a s o n s  
on p l o t s  which had been  f e r t i l i z e d  and s e r i c e a -  
sown t h a n  t h a t  on p l o t s  t r e a t e d  i n  any o t E e r  
manner ( T a b l e  3 ) ,  i n  s p i t e  o f  t h e  f a c t  t h a t  s i x  
y e a r  h e i g h t  growth was g r e a t e s t  on t h e  c o n t r o l  
p l o t s  ( T a b l e  1 ) .  The n e a r l y  15 p e r c e n t  i n c r e a s e  
i n  p i n e  mean d r y  w e i g h t  on t h e  f e r t i l i z e d  an6 
ser icea-sown p l o t s  was comprised a lmost  e q u a l l y  
of t h e  i n c r e a s e d  d r y  we igh t  of n e e d l e s  and s tem 
t i s s u e s .  

T a b l e  3. Kean Oven Dry Weight of Need les ,  
Limbs, Stems, and T o t a l  S e e d l i n g s  o f  L o b l o l l y  
P i n e s  F i v e  Years  A f t e r  I n t e r p l a n t i n g  w i t h  
S e r i c e a  Lespedeza on an Eroded Piedmont S i t e .  

T o t a l  
T r e a t m e n t  ~ e e d l i n k '  Needles  Limbs Stem 

- - - m e -  gms O.D. wt - - - - - - 
C o n t r o l  1171.3a 44O.lab 243.7a 483.4~~ 
F e r t i l i z e r  1 0 9 9 , l a  421.8a 238.0a 4b9.3a 
S e r i c e a  1054.5a 4 0 2 . l a  ?15.5a 436 .9a  
S e r i c e a  + 

F e r t i l i z e r  1345.2b 511.6F 265.1a 568.5b 

L/~ciumn means a d j a c e n t  t o  same l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 l e v e l .  Means 
a r e  b a s e d  on 20 s e e d l i n g s  p e r  t r e a t m e n t .  

As t h e s e  r e s u l t s  were  d i f f i c u l t  t o  r e c o n c i l e  
w i t h  t h e  s i x  y e a r  p i n e  h e i g h t  and d i a m e t e r  com- 
p a r i s o n s  and because  t h e  biomass  d e t e r n i n a t i o n s  
r e p r e s e n t e d  a  s m a l l  subsample  o f  t h e  t r e a t m e n t  

- '- plot ? c c r r l a t ? l r - r ~  ('Ti .;ecl;irfi.; -ye;;rc;trs ;, 1 
s ~ c c ' ' ~ T ~ =  per t - - c > a t n e n t ' ,  *he -i.,-r Fr;i-i-t,rr ;?nZ 
dia.;.etc-c ni' the sc-i-c?ii?gs ;;arcp7pd Ci-.r i;-- r-6 i g h t  
l e t c r r i r n t i c ~ c  ~ r - t ~ e  s t ; i t i ~ t - i ~ ~ I I ~ ~  rr?*nzred, 
Result.: rf t h e c t  ccn-par l~or ; '  CFOWPC! t%,al7, c - t h p ~ ~ g h  
the 5ionass srmp7e qeed7+rg h e i g k t s  $ i 6  r c t  5"""rr 
m n r g  + - ~ ~ ; ; k r ? ~ r 7 t s ,  ecc's7 l n g  " n s c - l  Ciapeter r , r c  

s i  p r " _ i c i m t i v  s r c - ~ t e r  rl;! f c r :  i l ' zed  art? sc%r-lcea- 
snwr ? l e t s  t i a c  on rertilizrr t r c 2 t c d  rr ec r j ce s -  
ech~- plots. F c w e ~ e r ,  t r e e  ? z c ~ ~ @ t e r  was n n t  
preater "iliar t h a t  on r're t o n t r c i "  p!cts.  Clo.;i.r 
c r a n i n a t i n n  n" the d p t < q  Table  I ~ - c l - f r ~ t e s  p 

v e r y  sirnil ar result i n  c r r r p ; i r i ~ $  6-.*ear p i n e  barn7 
d i a r c t r r s  among t r e n t ~ r n t q ,  L r r t  s eed l  ir:p F c i g h t  i s  
ohvlocslv g r e z t r s t  on c c - Y r o l  plots. 

I ' jvc-vear pire c ; t e m  lncsn Cr:. weigh t  ~2:; 
d e f i n i t c l v  prenter nn p l o t s  t h a t  Tdere fer t i -"zed 
and ser icea-cnwn than  o r  ~ l c t s  w i t h  rFLe o t h e r  
t r e a t m e n t s .  The.;e r e s u l t s  indict-te that i n  acme 
r:~a:liier t h e  s e r i c e a  i s  caus2rlp cond i t in r i s  u n d e r  
which the pine ,c;ecdlings deve lop  p o r e  qol i ~ t ; e  
and heav4cr s t e p s  a t t c r  five y e g r s ,  v e t  a r e  
s h o r t e r  t h a n  c r r t r o l  s e e d l i n g s  a f t e r  6 y e a r s .  
Thr reduced h e i p h t  is svrnptomatic 05 e a r l v  
I-ieight prowth i n h i h i  t i  013 th rough  s o i l  mois t r r re  
c o r r p e t i t i o n ,  vhrich remains  dent evei. a f t e r  six 
vears. The i n c r c ~ ~ e c !  s e e d l f n g  f o l i a g e  91-d s tem 
d r y  we iph t  on f c r t i i i ~ e d  and srricea-sown p l o t s  
may be due  t o  an  +Lr~provivp; n r r r r i t i o n a l  r t ~ t u s  of 
t k e  p i p e  . e e + l i n g s ,  Powever. measvremencs of  s o i l  
m o i s t u r e ,  o r p a p i c  mat te r  and soil cowpact ion a f t e r  
3 y e a r s  f a i l e d  t o  6 c t e c t  any trent-n-ent e f f r c t s  on 
t h e s e  soil p a r m e t e r s .  F o l i ~ r  ~ u t r i e n t  a n a l v s i s  
i n d i c a t e d  no d i f f e r e r c e  i n  f o l i a g e  n i t r o g e n  con- 
t e n t  among t r e a t m e n t s  a f t e r  f i v e  grcwing seasors ,  
F i n e  f o l i a g e  from a 1  7 t r e a t m e n t s  averaged 
1 . 1 - 1 . 2  p e r c e n t  n i t r o g e n  c o n t e n t ,  d rb  x e i g h t  
F e s i s .  

Resrr l ts  s i m i l a r  t o  t b o s e  of the p r e s e n t  s t u d y  
have heen r e p o r t e d  e a r l i e r .  1-ogel (197.3) r e p o r t e d  
t h a t  s e r i c e a  l e s p e 6 e z a  i n h i b i t e d  t h e  growth of 
young l o b l o l l y  p i n e  f o r  t F c  f i r s t  t h r e e  y e a r s  
a f t e r  p l a n t i n g  on mine s p o i l s  i n  Itcntucky; b u t ,  
t h t r e a f t e r ,  t h e  pines p l a n t e d  w i t h  t h e  s e r i c e a  
have grown s i g n i f i c z r t l y  t a l f e r  t h a n  t h o s e  p l p n t e d  
w i t h  g r a s s e s  a l o n e .  .Torgensor ;nd C r a i g  (iQ83) 
r e p o r t e d  t h a t  a f t e r  seven  v c a r s  ZobTaLIy p i n e  
t r e e s  f e r t i l i z e d  with ground rcclc phosphate and 
s o w  w i t h  s e r i c c ~  f e s p e d e ~ a  were  s i g c i f i c a n t l y  
p r e a t e r  i n  mcnn c u b i c  volume than  t h r s e  Fertiliz~d 
~ n L y  o r  n o t  t r e a t e d .  Tn t h a t  s t u d y ,  t r e e  d i a m e t e r  
i n c r e a s e  due t o  the t r e a t v e n t  was more i r p o r t a n t  
t h a n  h e i g h t  i n c r e a s e  i n  c o n t r i h u t - i n g  t o  mean t r e e  
volume d i f f e r e n c e s .  R e s u l t s  of t h e  p r e s e n t  s t u d y  
conf i rm t h i s  Flnding a s  t h e  !ncrease  i n  t c t a l  t r e e  
d r y  we igh t  caused bv f e r t i l i z e r  en* s e r i c e a  wes 
due t o  an f n c r e s s e  i n  s tem and foliage d r y  w e i g h t  
5 u t  n o t  t o  aa i n c r e a e c  i n  s tem height, which wrs 
i n  f ~ e t  i n h i b i t e d  by t h e  t r e a t m e n t ,  

Jo rgezson  (1978) r e p o r t e d  t h a t  the  a d d i t i o n  
of Tow r a t e s  o f  f e r t i l i z e r ,  p a r t i c u i a r i v  p F o s ~ h n r u s ,  
was e s s e n t i a l  f o r  e s t a b l i s h m e n t  of  most legumes, 
Results of t h e  p r e s e n t  s t u d y  conf i rm t h e  need f o r  
an  i n i t i a l  " s t a r t e r "  f e r t i : i z a t i o ~  t o  firmly 
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I! 
TREE GRC\<TH AFTER I P GKO\-:ISG SEASONS-' 

r '  
i : 

by J .?. Gro tcn  Jr. and E . R ,  R u c k n e e '  

Abs t r ac t . - -At  t h e  end of 18 growing s e a s o n s ,  s i g n i r i c a n t  
growth d i f f e r e n c e s  were  s t i l l  a p p a r e n t  f r c r ~  fertilizer applied 
a t  p l a n t i n g  t ime  a n d l o r  i r r i g a t i o n  t r e a t m e n t s  a p p l i e d  t h e  
f i r s t  s e v e n  y e a r s  follor;.;ing p l a n t i n g .  Two s o u t h  f a c i n g  s l o p e  
p a s i  t i o n s  were  p l a n t e d  w i t h  i o b l o l 2 : ~  p i n e  (P inus  t a e d a  i. ) , 
swcetgum ( L i q u i d a ~ ~ b a r  s t y r a c i f l u a  L .  ) . and ye l low-pop la r  
( k i r i o d e n d r o n  t u l i p i f e r a  L . ) .  The upper  s l o p e  p o s i t i o n  u a s  
o r i g i n a l l y  a r e l a t i v e l y  u n d i s t u r b e d  oak-hickory f o r e s t ;  t h e  
lower  s l o p e  s i t e  was an  e roded  o l d  f i e l d  w i t h  a 20-year-old 
s t a n d  of s h o r t l e a f  and  V i r g i n i a  p i n e .  S o i l s  i n  t h e  a r e a  a r e  
Typ ic  P a l e u d u l t s .  

L o b l o l l y  p i n e  was t h e  l e a s t  r e s p o n s i v e  s p e c i e s  t o  
t r e a t m e n t s .  However, i t  oufgrew a l l  s p e c i e s  unde r  a l l  c o ~ d i -  
t i o n s  t e s t e d  e x c e p t  f o r  ye l low-pop la r  on the f e r t i l i z e d  and 
i r r i g a t e d  uppe r  s l o p e  p o s i t i o n .  I r r i g a t i o n  nppeardd t o  
r e t a r d  i t s  grewth on t h e  lower  s l o p e  p o s i t i o n .  

Swee tgum a p p e a r e d  t o  b e  sornewhai more re-sponsivc t o  
t r e a t m e n t s .  LSni l e  t h e r e  were  no a p p a r e n t  t r e a t m e n t  
i n f l u e n c e s  on t h e  uppe r  s l o p e  p o s i t i o n ;  t h i s  was n o t  t h e  
c a s e  on t h e  lower  s l o p e .  The re  t h e  t a l l e s t  t r e e s  were  i n  
f e r t i l i z e d  p l o t s  w h i l e  i r r i g a t i o n  a p p e a r e d  t o  have a n e g a t i v e  
i n f l u e n c e  on growth.  

T e l l o v - p o p l a r  a p p e a r e d  t o  b e  h i g h l y  s e n s i t i v e  t o  t r e a t -  
ments on b o t h  s l o p e  p o s i t i o n s .  On t h e  loywer s l o p e  t r e e  
h e i g h t  was s i g n i f i c a n t l y  g r e a t e r  i n  f e r t i l i z e d  p l o t s ,  b o t h  
w i t h  and w i t h o u t  i r r i g a t i o n ,  w h i l e  t r e e  h e i g h t  appea red  t o  b e  
r educed  i n  lower  s l o p e  p l o t s  r e c e i v i n g  o n l y  i r r i g a t i o n .  The 
t a l l e s t  t r e e s  i n  t h e  s t u d y  were  i n  f e r t i i i z e d  and i r r i g a t e d  
p l o t s  on t h e  uppe r  s l o p e  p o s i t i o n .  T h e i r  r e l a t i v e  advan tage  
was much l e s s  a f t e r  18 y e a r s  t h a n  was t h e  case a f t e r  s e v e n  
y e a r s .  

,?inalysis of growth r a t e s  s i n c e  1971 shows t h a t  t h e  
growth a d v a n t a g e  i f o r  a l l  s p e c i e s )  h a s  s h i f t e d  from t h e  
u n d i s t u r b e d  f o r e s t  s o i l  on  t h e  uppe r  s l o p e  t o  t h e  o l d  f i e l d  
s o i l  on t h e  lower  s l o p e .  T h i s  i n d i c a t e s  t h e  lower  s l o p e  
s o i l s  are  r e c o v e r i n g  f rom t h e  o l d  f i e l d  c o n d i t i o n .  If 
p r e s e n t  t r e n d s  c o n t i n u e  w i t h i n  ten y e a r s  a l l  growth d i f f e r -  
e n c e s  between t r e a  t n e n t s  :.;ill d i s a p p e a r  and trees on lower  
s l o p e  plots w i l l  outgrow t r e e s  on t h e  upper  s l o p e  s i t e .  
T h i s  is  a l r e a d y  t r u e  f o r  l o b l o l i y  p i n e  and sweetgun-.  ; i zy  
t r e a t ~ e n t  e f f e c t s  e v i d e n t  t oday  a r e  a p o s r e n t l y  t h e  r e c u l t  
of  a c a r r y  o v e r  e f f e c t  from t h e  e a r l y  t r e a t n e E t s  and a r e  
n o t  d u e  t o  a c o n t i n u e d  t r e a t o e n t  r e s p o n s e .  

F a p e r  ;,-.ese2*ted a t  S o u t h e r n  S i l v i c u l t u r a l  
R e s e a r c h  Confe rence ,  A t i a n  t a ,  G e o r g i a ,  Sovember 
7-8, 19-34. 

2 / 6 r a d u a t e  A s s i s t a n t  and P r o f e s s o r  of F o r e s t r y  
r e s p e c t i v e l y ,  The L ' n i v e r s i t y  of T a m e s s e e ,  Dep t .o f  
F o r e s t r y ,  W i l d l i f e  & F i s h e r i e s  ; Kno:wiLle, TI; 37901 



A l t e r n a t e  uses combined with t h e  high v a l u e  
of fa res t  l 2 c d  encourage t h e  f o r e s t  manager to 
reduce rotation Length and i n c r e a s e  wood volume 
production. Shortages of s o i l  m o i s t u r e  and 
nutrients f resuent ly  l i m i t  p l a n r  g r o ~ ~ t h .  i r r i g a -  
t i o n  acd fertilization have been used  s u c c e s s f u l l y  
and increase crop yields. The use of t h e s e  prac-  
t i c e s  i n  forestry have been p r i m a r i l y  conf ined  t o  
s2es i a l ty  c raps  such as s e e d l i n g  nurseries and seed, 
orchards ( P r i t c h e t t ,  1479). 

Buckner aai Maki (1977) demonstrated s i g n i -  
f i c a n t  i n c r e a s e s  i n  t r e e  growth when i r r i g a t i o n  
a n d / o r  f e r t i l i z a t i o n  t r e a t m e n t s  were a p p l i e d  a t  
t h e  time of s t a n d  e s t a b l i s h m e n t  and d u r i n g  t h e  
e a r l y  growth p e r i o d  i n  a f o r e s t  p l a n t a t i o n  i n  
e a s t  Tennessee,  Long-term e f f e c t s  and economic 
f e a s i b i l i t y  of such  p r a c t i c e s  i n  f o r e s t  p l a n t a t i o n s  
a r e  l a r g e l y  unknown. The p r e s e n t  s tudy  was i n i t i a -  
t e d  t o  re -eva lua te  t r e e  growth 1 8  y e a r s  a f t e r  
p l a n t i n g  and t o  i d e n t i f y  changes i n  growth p a t t e r n s  
t h a t  have occur red  i n  t h e  11 y e a r s  s i n c e  t h e  l a s t  
measurement. 

S I T E  DESCRIPTION 

Buckner and Maki (1977) e s t a b l i s h e d  an exper i -  
ment t o  e v a l u a t e  t h e  e x t e n t  t o  which d e f i c i e n c i e s  
of s o i l  m o i s t u r e  and n u t r i e n t s  L i m i t  t h e  e a r l y  
growth o f  f o u r  widely d i s t r i b u t e d  f o r e s t  s p e c i e s :  
l o b l o l l y  p i n e  (Pinus t aeda  L . ) ,  sweetgum 
(Liquidambar s t y r a c i f  l u a  L, ) , yel low-poplar  
(L i r iodendroa  t u l i p i f e r a  L. ) , and n o r t h e r n  r e d  oak 
( e r  r u b  L  ) . The s t u d y  was conducted on 
t h e  sou th- fac ing  s l o p e  of an east-west  o r i e n t e d  
r i d g e  i n  t h e  Ridge and Val ley  Prov ince  of e a s t  
Tennessee. Two s l o p e  p o s i t i o n s  were c l e a r e d  f o r  
p l a n t i n g ,  an upper s l o p e  s i t e  n e a r  t h e  r i d g e  c r e s t  
and a Lower slope s i t e  on t h e  t o e s l o p e  and v a l l e y  
f l o o r ,  P r i o r  t o  c l e a r i n g ,  t h e  upper-s lope p o s i t i o n  
suppor ted  a  mature mixed oak-hickory s t a n d  t h a t  
i n d i c a t e d  a r e l a t i v e l y  und is tu rbed  f o r e s t  condi- 
t i o n  o v e r  t h e  p a s t  cen tury .  

I n  c o n t r a s t  t h e  Lower s l o p e  s i t e  was a n  o l d  
f i e l d  t h d t  suppor ted  a  20-year o l d  mixed s h o r t l e a f  
and V i r g i n i a  p i n e  s t a n d .  While t h i s  was t h e  
p o t e n t i a l l y  b e t t e r  of  t h e  two s i t e s ,  p a s t  a g r i c u l -  
t u r a l  practices had caused s i g n i f i c a n t  s i t e  
d e g r a d a t i o n .  Sheet e r o s i o n  had been t h e  pr imary 
agent responsible f o r  t h e  removal of  most of t h e  
o r i g i n a l  A soil hor izon .  These d i f f e r e n c e s  i n  t h e  
t w o  s i t e s  a t t r i b u t a b l e  to prev ious  Land-use, were 
confounded w i t h  d i f f e r e n c e s  due t o  s l o p e  p o s i t i o n .  

The predoxinan t  soil on the upper slope was 
Cla iborne  s i l t  L o a m  (Typic P a l e u d u l t ,  fine-loamy, 
s i l i c e o u s ,  mesic), a wel l -d ra ined  f o r e s t  s o i l  
forxed i n  t h e  residuum of do lomi te .  I t  has  a 
t h i c k  A hor izon ,  r i c h  i n  o r g a n i c  m a t t e r ,  and has a  
s i l t  Loam t e x t u r e  a l lorcing f o r  rapid i n f i l t r a t i o n ,  
The t h i c k  B horizon i s  a l s o  h i g h l y  permeable. 

Lower s l o p e  s o i l s  were F u l l e r t o n  and % i n v a l e  
c h e r t y  s i l t  loam (Typic P a l e u d u l t ,  c l ayey ,  k a o l i n i -  
t i c ,  tbemic  and fine-loamy, siliceous, thermic ,  
r e s p e c t i v e l y ) ,  These s o i l s  a r e  c h a r a c t e r i z e d  by a 
t h i n  A hor izon  o v e r l y i n g  a moderately t h i c k  E 
h o r i z o n ,  The F u l l e r t o n  sc iL  has  a  t h i c k  c layey  B 
hor izon  which i s  cor responding ly  l e s s  permeable 
than  t h e  C h i b o r n e  s o i l .  64rhi3.e t he  F u l l e r t o n  s o i l  
has  a higher CEC than t h e  CLaiborne s o i l ,  t h e  
p h y s i c a l  p r o p e r t i e s  a r e  n o t  as  good. Th is  i s  
aggravaled when most of t h e  A hor izon  has been 
eroded,  The Minvale s o i l  had a lower c l a y  c o n t e n t  
then  t h e  F u l l e r t o n ,  The c h e r t  c o n t e n t  of b o t h  
s o i l s  was s o  h i g h  t h a t  i t  i n t e r f e r e d  g r e a t l y  w i t h  
s o i l  m o i s t u r e  s t o r a g e  and r o o t i n g  volume. 

A l l  f o u r  s p e c i e s  were r e p r e s e n t e d  i n  each  
t rea tment  p l o t  a s  25- t ree  " spec ies"  s u b p l o t s  w i t h  
f i v e  rows of f i v e  t r e e s  each ;  s p a c i n g  was 7  f t ,  x 
7 f t .  A randomized complete b l o c k  des ign  was used 
w i t h  f o u r  r e p l i c a t i o n s  on b o t h  s l o p e  p o s i t i o n s .  
Treatments  were: 1 )  f e r t i l i z a t i o n ,  2)  i r r i g a t i o n ,  
3) f e r t i l i z a t i o n  and i r r i g a t i o n  i n  combination, 
and 4)  c o n t r o l s .  The f e r t i l i z e r  t r e a t m e n t ,  a p p l i e d  
on ly  a t  p l a n t i n g ,  c o n s i s t e d  of N a t  33 pounds p e r  
a c r e ,  45 pounds p e r  a c r e  of P ,  and 4 pounds p e r  
a c r e  of Mg p laced  i n  t h e  c l o s i n g  h o l e .  I r r i g a -  
t i o n  t r e a t m e n t s  were a p p l i e d  f o r  t h e  f i r s t  seven  
y e a r s  d u r i n g  t h e  summer months a s  needed t o  main- 
t a i n  s o i l  m o i s t u r e  t e n s i o n  below two atmospheres  
(Buckner and Haki,  1977) .  

F i g u r e s  LA and B show t h e  h e i g h t  of t h e  f o u r  
s p e c i e s  a f t e r  seven growing seasons .  The t a l l e s t  
t r e e s  i n  t h e  s t u d y  a t  seven y e a r s  were yellow- 
p o p l a r  growing where i r r i g a t i o n  and f e r t i l i z e r  
t r e a t m e n t s  were a p p l i e d  t o  t h e  und is tu rbed  f o r e s t  
s o i l  (upper  s l o p e  p o s i t i o n ) .  Yellow-poplar 
g e n e r a l l y  performed b e t t e r  on t h e  upper s l o p e  s i t e  
than  on t h e  eroded lower s l o p e  o l d  f i e l d  s o i l .  

3 F Z Z F  C F ;ZF C F I I F  2 F :IF TR-  

- -P - i--- r p c  \ r id  - W s& - - f D  SPEC 

F i g u r e  IA.--Total h e i g h t  a f t e r  seven growing 
seasons  f o r  a 2 1  spec ies - lower  s l o p e  s i t e .  
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Figure  If%.--Total h e i g h t  a f t e r  seven growing seasons 
f o r  a l l  species-upper  s l o p e  s i t e ,  

(Note - E o r  a l l  f i g u r e s  - TRT=treatments, C=control ,  
F = f e r t i l f  zed, i = i r r i g a t e d ,  I F z i r r i g a t e d  and Eer t f -  
l i z e d ,  SPEC=species, LP=loblol1y p ine ,  NRO=northern 
r e d  oak,  SG=sweetgum, YP=yellow-poplar) 

Sweetgum had a  response p a t t e r n  s i m i l a r  t o  
t h a t  of ye l low-popla r  b u t  appeared l e s s  s e n s i t i v e  
t o  t h e  s i t e / t r e a t m e n t  v a r i a b l e s  t e s t e d .  Sweetgum 
grew b e t t e r  than yel low-poplar  on t h e  poor s i t e s  
b u t  c o u l d  n o t  compete w i t h  yel low-poplar  on t h e  
b e t t e r  s l t e s .  Loblo l ly  p i n e  showed l i t t l e  response 
t o  any o f  t h e  s i t e l t r e a t m e n t  combinations t e s t e d .  
It o u t g r e w  a l l  o t h e r  s p e c i e s  over  t h e  range of 
s i t e / t r e a t m e n t  v a r i a b l e s  t e s t e d  except  on t h e  upper 
s l o p e ,  i r r i g a t e d  and f e r t i l i z e d  p l o t s  where t h e  
ye l low-popla r  was t a l l e r .  Northern r e d  oak per- 
f o m e d  p o o r l y  under a l l  c o n d i t i o n s  t e s t e d  and was 
n o t  i n c l u d e d  i n  f u r t h e r  a n a l y s e s .  

S i n c e  t rea tments  were a p p a r e n t l y  s t i m u l a t i n g  
s i g n i f i c a n t  growth responses  a f t e r  seven y e a r s ,  
t h i s  s t u d y  was i n i t i a t e d  t o  determine i f  growth 
r e s p o n s e s  were s t i l l  e v i d e n t  a f t e r  1 8  y e a r s  and 
t o  e v a l u a t e  changes i n  r e l a t i v e  growth r a t e s ,  
Trees  a t  t h e  s tudy  s i t e  were remeasured i n  t h e  
w i n t e r  o f  1982-1983. Growth was e v a l u a t e d  us ing  
t o t a l  h e i g h t  of dominant and co-dominant t r e e s ,  
Only dominant  and co-dominant t r e e s  were used t o  
e l i m i n a t e  e f f e c t s  of i n t e r - t r e e  competi t ion.  

RESULTS AND DISCUSSION 

Growth i n  t h i s  d i s c u s s i o n  w i l l  be  confined t o  
t o t a l  t r e e  h e i g h t  because  t h i s  i s  a f r e q u e n t  
nreasure of s i t e  p o r d u c t i v i t y  (Husch e t  a l ,  19821, 
This  a l s o  f a c i l i t a t e s  t h e  comparison of growth d a t a  
a t  s e v e n  y e a r s  wi th  18-year d a t a  s i n c e  h e i g h t  
growth w a s  used a s  an  i n d i c a t o r  of s i t e  q u a l i t y  
a f t e r  s e v e n  growing seasons  (Buckner and Maki, 
1977). F igures  2-4 p r e s e n t  t h e  compari t ive h e i g h t  
growth E o r  t h e  t h r e e  t e s t  s p e c i e s  dur ing  t h e  two 
growth p e r i o d s  be ing  compared (1965-1971 and 1971- 
1982) arzd t h e i r  t o t a l  h e i g h t  a t  t h e  end of 1 8  
growing seasons  (1982). I n  comparing t h e  itwo 
growth p e r i o d s ,  i t  should  b e  recognized t h a t  many 
more t r e e s  were t h e  b a s i s  f o r  h e i g h t  averages  a f t e r  
seven y e a r s  than was t h e  c a s e  f o r  18-year a v e r a g e s ,  
E s s e n t i a l l y  a l l  of t h e  p l a n t e d  s e e d l i n g s  t h a t  l i v e d  
were s t f l l  f r e e  t o  grow a f t e r  t h e  seventh  growing 

season ,  w h i l e  co~petl i t iorz had suppressed o r  k i l L ~ d  
many stems by t h e  18th season, Had o n l y  t h e s ~  
stems free-to-grcri a f t e r  the seventh season been 
used i n  the 18-year measureKent, growth differences 
between t h e  two p e r i o d s  would h a w  been less, 

PelLow-poplar :--Figgre 2-4 F r e c c n  ts average 
he igh t  growth p e r  year f o r  ye l low-pop la r  f - r  t he  
p e r i o d  1965 t o  1971. During t h e s e  seven growing 
seasons, better growth occurred on the u n d i s t b s b e d  
f o r e s t  soil, the  upper slope s i t e ,  than on the o l d  
f i e i d  s o i l ,  Growth was greater i n  fertilized 
p l o t s  on both slope positions but growth on Trri- 
ga ted  p l o t s  w a s  signi.fictintl:i  better onlqr on the  
upper s l o p e .  The greatest height zrowth for a i l  
s p e e i e s l s i t e l t r e a t m e n t  v a r i a b l e s  tested was 
yel low-poplar  i n  i r r i g a t e d  and fertilized p l c t s  
on t h e  upper s l o p e ,  

The poor performance of this species was 
a t t r i b u t e d  t o  s o i l  condi t ions  related t o  past 
l a n d  use .  R u s s e l l  (1977) reported o l d  f i e l d s  
were o f t e n  poor  s i t e s  f o r  yellow-poplar ususLLy 
due t o  e r o s i o n ,  s o i l  compaction, o r  depletion 
of s o i l  n u t r i e n t s ,  These a r e  possible reasons 
why growth of t h i s  s p e c i e s  d i d  n o t  perform veil 
on a l and  form where yellow-poplar has typically 
performed well i n  t h i s  reg lon  (SmaLley 19641, 
B e t t e r  growth i n  f e r t i l i z e d  plets Like ly  r e f l e c t s  
t h e  i n h e r e n t l y  Low fertility of soils i n  the 
s tudy  area (Typic i?aTeuduLts), Significantly 
g r e a t e r  growth i n  i r r i g a t e d  p l o t s  on the upper 
s l o p e  compared t o  no apparen t  response on the 
lower s l o p e  i n d i c a t e s  the i n f  Luence of  slope 
p o s i t i o n  on a v a i l a b l e  water for t ree  growth-  
The e f f e c t s  of i r r i g a t i o n  and f e r t i l i z a t i o n  were 
a p p a r e n t l y  a d d i t i v e  when suppl ied  t o g e t h e r  on 
t h e  upper s l o p e  sugges t ing  their independent 
i n f l u e n c e  on growth on t h i s  s i t e -  

S i g n i f i c a n t  changes i n  r e l a t i v e  growth rates 
among , t r e a t m e n t s  were apparen t  during the second 
growth p e r i o d  (1971-1982) ( F i g u r e  2B) . Xo addi-  
t i o n a l  f e r t i l i z e r  a p p l i c a t i o n s  were aade ( f e r t i -  
l i z e d  on ly  a t  p l a n t i n g  time) and i r r i g a t i o n  was 
discont inued  a t  t h e  end of the 6 t h  growing season, 
The growth advantage a t t r i b u t e d  t o  the undisturbed 
f o r e s t  s o i l  on t h e  upper s l o p e  that was apparen t  
f o r  t h e  f i r s t  growth per iod  was no Longer present, 
The recovery of t h e  lower slope may be d u e  to the  
r e s t o r a t i v e  i n f l u e n c e  of t r e e s  and a s s o c i a r e d  
s o i l  micro-organisms on t h e  old f i e l d  soil 
(Clark, 1964; Camean e t  a l ,  1976) 

Treatment e f f e c t s  were no Lsnger a p p a r e n t  
dur ing  t h e  second growth p e r i o d ,  The only s i g n i -  
f i c a n t  change i n  growth during t h i s  growth peried 
was s l o w  growth in the lower slope plots t5at 
were i r r i g a t e d  during t h e  f i rs t  growth pe r i od ,  
Growth was somewhat b e t t e r  where fertilizer was 
added,  Although l e s s  ev iden t  this s a m  pattern 
occurred on t h e  upper  s l o p e ,  If real i t  may 
r e f l e c t  a  l e a c h i n g  e f f e c t  t h a t  c a r r i e d  over frcm 
t h e  e a r l i e r  i r r i g a t i o n  treatment. 

D i f f e r e n c e s  i n  t o t a l  helgkt after the 1982 
groksing season a r e  due l a r g e l y  t o  carry-over site 



and t r e a t m e n t  d i f f e r e n c e s  t h a t  e x i s t e d  a t  t h e  
end of t h e  f i r s t  growth p e r i o d .  I f  growing 
c o n d i t i o n s  on t h e  lower  s l o p e  c o n t i n u e  t o  improve 
a v e r  t h e  n e x t  decade as t h e y  have over t h e  l a s t  
growth p e r i o d ,  t h e s e  t r e e s  w i l l  be  c o n s i d e r a b l y  
t a l l e r  t h a n  t h o s e  on t h e  uppe r  s l o p e  a t  t h a t  t i n e .  
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F i g u r e  2A.--Mean a n n u a l  h e i g h t  growth f o r  yel low- 
p o p l a r  (1965-1971). 
h a t e  LS = lower  s l o p e ,  US = upper  s l o p e .  

E igure  2B.--Mean a n n u a l  h e i g h t  growth f o r  y e l l c ? ~ -  
p o p l a r  (1971-1982).  

F i g u r e  2C.--Total h e i g h t  o f  yel lobi-poplar  a f t e r  1 8  
growing s e a s o n s .  

St"3tgun.--After s e v e n  growing s e a s o n s ,  - -  
sweetgum showed a r e s p o n s e  t o  t r e a t m e n t s  on b o t h  
s i r e s  t h a t  w a s  s i m i l a r  t o  t h a t  of ye l low-pop la r ,  
a l t h o u g h  d i f f e r e n c e s  were  n o t  as g r e a t .  Growth 
was g e c e r a l l y  b e t t e r  on t h e  upper  s l o p e ,  f o r e s t  
s o i l .  F e r t i l i z a t i o n  and i r r i g a t i o n  appea red  t o  
have p o s i t i v e  i n f l u e n c e s  on b o t h  s l o p e  p o s i t i o n s  
w i t h  t h e  b e s t  growth on t h e  uppe r  s l o p e  where 
b o t h  t r e a t m e n t s  were  a p p l i e d .  A d d i t i v e  e f f e c t s  
where b o t h  t r e a t m e n t s  were a p p l i e d  were l e s s  
a p p a r e n t  t h a n  f o r  ye l low-pop la r .  The subdued 
r e s p o n s e  o f  sweetgun t o  t h e  s i t e  v a r i a b l e s  t e s t e d  
i n d i c a t e s  t h a t  i t  is  l e s s  s e n s i t i v e  t o  s i t e  cond i -  
t i o n s  t h a n  ye l low-pop la r .  
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F i g u r e  3A. -->lean a n n u a l  h e i g h t  growth f o r  sweetgum 
(1965-1971) . 

F i g u r e  3B.--Mean a n n u a l  h e i g h t  growth f o r  sweetgum 
(1971-19823. 

F i g u r e  3C.--Total h e i g h t  o f  sweetgum a f t e r  1 8  
growing s e a s o n s .  



I n  t h e  second growth p e r i o d ,  s e v e r a l  r e v e r s a l s  
i n  p e r f o r m a n c e  were  obse rved .  Growth was c o n s i d e r -  
a b l y  b e t t e r  on t h e  lower  s l o p e  p o s i t i o n .  There  
were  n o  s i g n i f i c a n t  d i f f e r e n c e s  between t r e a t m e n t  
effec-t-s w i t h  t h e  b e s t  growth g e n e r a l l y  o c c u r r i n g  
i n  t h e  c o n t r o l s .  

T o t a l  h e i g h t  a f t e r  1 8  s e a s o n s  shows l i t t l e  
effec-t:  of t h e  s i t e  v a r i a b l e s  t e s t e d  w i t h  t h e  
p o s s i b l e  e x c e p t i o n  o f  f e r t i l i z a t i o n  on t h e  lower  
s l o p e  p o s i t i o n .  As was t r u e  f o r  ye l low-pop la r ,  
i r r i g a t i o n  appeared  t o  have  a  n e g a t i v e  i n f l u e n c e  
on g r o w t h  on t h e  lower  s l o p e .  

t o b l o l l y  Pine:- -After  seven  growing s e a s o n s ,  
l o b l o l l y  p i n e  showed l i t t l e  r e sponse  t o  t h e  s i t e  
v a r i a b l e s  t e s t e d .  However, i t  outgrew a l l  o t h e r  
s p e c i e s  under  a l l  c o n d i t i o n s  t e s t e d  e x c e p t  yel low- 
p o p l a r  on t h e  f e r t i l i z e d  and i r r i g a t e d  upper  s l o p e  
p o s i t i o n .  Once a g a i n ,  i r r i g a t i o n  on t h e  lower  
s l o p e  p o s i t i o n  appeared  t o  r e t a r d  growth.  I f  t h e  
o t h e r  growth d i f f e r e n c e s  obse rved  d u r i n g  t h i s  
p z r i o d  were r e l a t e d  t o  t h e  s i t e  v a r i a b l e s  t e s t e d .  
t h e  d i f f e r e n c e s  were s o  s m a l l  t h a t  they would be  o f  
little p r a c t i c a l  s i g n i f i c a n c e .  
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F i g u r e  4A.--Mean annua l  h e i g h t  growth f o r  l o b l o l l y  
p i n e  (1965-1971). 

F i g u r e  4B.--%ean annua l  h e i g h t  growth f o r  l o b l o l l y  
p i n e  (1971-1982). 

F i g u r e  hC,--Total h e i g h t  of l o b l o l l y  p i n e  a f t e r  1 8  
growing s e a s o n s .  

During t h e  n e x t  growth p e r i o d ,  t h e  b e s t  growth 
was i n  c o n t r o l  p l o t s  on b o t h  s l o p e  p o s i t i o n s  and 
o v e r a l l  growth was b e t t e r  on t h e  lower  s l o p e .  T h i s  
f u r t h e r  s u p p o r t s  t h e  r ecovery  of t h e  lower  s l o p e  
from o l d  f i e l d  c o n d i t i o n s  t h a t  s u p p r e s s  g rowth .  
As was t r u e  f o r  sweetgum, t o t a l  h e i g h t  a f t e r  1 8  
s e a s o n s  was now g r e a t e r  on t h e  lower  s l o p e .  I f  
p r e s e n t  growth t r e n d s  c o n t i n u e ,  t h i s  w i l l  a l s o  b e  
t r u e  f o r  ye l low-pop la r  w i t h i n  t h e  n e x t  few y e a r s .  

SUMNARY AND CONCLUSIONS 

1 )  At t h e  end o f  1 8  growing s e a s o n s ,  growth 
d i f f e r e n c e s  due t o  e a r l y  t r e a t m e n t s  have  d i s s i p a t e d  
o v e r  t ime  . 

Yellow-poplar  s t i l l  e x h i b i t s  g r e a t e s t  s e n s i -  
t i v i t y  t o  s i t e / t r e a t m e n t  v a r i a b l e s  t e s t e d ,  sweetgum 
o n l y  moderate  s e n s i t i v i t y  w h i l e  l o b l o l l y  p i n e  p e r -  
formed w e l l  under  a l l  c o n d i t i o n s ,  e x h i b i t i n g  l i t t l e  
s e n s i t i v i t y  t o  s i t e  d i f f e r e n c e s  and t r e a t m e n t s .  

2 )  While t o t a l  h e i g h t  i s  s t i l l  g r e a t e s t  on 
t h e  u n d i s t u r b e d  upper  s l o p e ,  f o r e s t  s o i l  growth 
s i n c e  1971 i s  now o c c u r r i n g  on t h e  lower  s l o p e  
s i t e .  T h i s  i n d i c a t e s  t h i s  o l d  f i e l d  s i t e  i s  
r e c o v e r i n g  under  t h e  i n f l u e n c e  of t h e  f o r e s t e d  
c o n d i t i o n  ( C l a r k ,  1964;  Carmean e t  a l ,  1 9 7 6 ) .  

3) Height  f o r  t r e e s  on t h e  lower  s l o p e  s h o u l d  
be  g r e a t e r  t h a n  t h a t  on t h e  upper  s l o p e  p o s i t i o n  
w i t h i n  t h e  n e x t  few y e a r s  a s  t r e e s  and a s s o c i a t e d  
organisms more f u l l y  occupy and r e c o n d i t i o n  t h e  
lower  s l o p e  s i t e .  
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PROGRGSS I N  TISSUE AijALYSZS TO DETKKMINE 

THE RESPONSE OF LORLOT2LU PINE TO NITROGEW FEKTILIZATTON~ 

Abstract , - -Several  t i s s u e  methods f o r  N assay  of l o b l o l l y  
p i n e  (Pinus t a e d a  L. ) were e v a l u a t e d  under the  assunpt ions  
t h a t  t e s t s  i n d i c a t i n g  increased  t i s s u e  N from f e r t i l i z a t i o n  
r e f l e c t  t h e  N n u t r i t i o n  of the  t r e e s .  Nitrogen concent ra t ion  
i n  r e c e n t l y  f a l l e n  need les  sampled i n  November, t o t a l  N i n  
xylem, and t o t a l  s o l u b l e  N and a r g i n i n e  N of twigs and needles  
were g r e a t e r  i n  f e r t l l i a e d  than u n f e r t i l i z e d  t r e e s ;  however, 
d r a i n a g e  and P  n u t r i t i o n  s e r i o u s l y  complicate  t h e  i n t e r p r e t a -  
t i o n  of a r g i n i n e  N a s  an assay f o r  N n u t r i t i o n .  

INTRODUCTIOM 

T r a d i t i o n a l l y ,  t o t a l  need le  n i t r o g e n  (N) and 
s o i l  N a r e  used f o r  t h e  N assay  of a  l o b l o l l y  pine 
s tand .  T o t a l  needle N ,  however, i s  no t  always a  
good i m d i c a t o r  of t h e  N s t a t u s  of l o b l o l l y  pine 
(P inus  taeda  L.) ( B a l l a r d  1980, Wells e t  a f .  
1976). Obviously, t h e n ,  t o  develop a  d i a g n o s t i c  
t e s t  f o r  N i n  a  l o b l o l l y  pine s t a n d ,  o t h e r  t r e e  
t i s s u e s  and N compounds need t o  be examined 
(Cot ruEo 1983, Cot rufo  and Wells 1984). This  
r e p o r t  summarizes s e v e r a l  a l t e r n a t i v e  methods f o r  
a s s a y i n g  N s t a t u s :  t o t a l  N i n  n e e d l e f a l l ,  n e e d l e s ,  
twigs ,  and xylem; and s o l u b l e  and a r g i n i n e  N i n  
t h e  n e e d l e s  and twigs. S o i l  N was not  considered 
i n  t h i s  work. 

TOTAL N I N  LITTERFALL 

N i t r o g e n  i n  f a l l e n  need les  has been suggested 
a s  a  means of e v a l u a t i n g  t h e  N s t a t u s  of t r e e s  
( M i l l e r  and M i l l e r  1976). I n  November 1976, over  
a  3-day per iod ,  we sampled f r e s h l y  f a l l e n  need les  
on d u p l i c a t e  p l o t s  l o c a t e d  on two well-drained 
Piedmont  s i t es - -a  Whi tea tore  s o i l  l o c a t e d  a t  
R e s e a r c h  T r i a n g l e  Park,  N. C. (RTP), f e r t i l i z e d  a t  
138 and 275 pounds Nfacre 3  y e a r s  e a r l i e r ;  and a  
complex of C e c i l ,  Appling, and Durham s o i l s  
l o c a t e d  n e a r  Saxapahaw, N.C., a t  t h e  I n t e r n a t i o n a l  
B i o l o g i c a l  Program (IBP) s i t e  f e r t i l i z e d  w i t h  200 
pounds PJfacre 5  y e a r s  e a r l i e r  (Cotrufo and Wells 
1984) ( T a b l e  I ) .  

N i t r o g e n  f e r t i l i z a t i o n  increased  t h e  con- 
c e n t r a t i o n  of t o t a l  N i n  n e e d l e f a l l  a t  t h e  IRP 

I p a p e r  p resen ted  a t  Thi rd  B i e n n i a l  Southern 
S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  
Georg ia ,  November 7-8, 1984. 

2 ~ l a n t  p h y s i o l o g i s t  , U.S. Department of 
A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  Southeas te rn  F o r e s t  
Experiment  S t a t i o n ,  Research T r i a n g l e  Park,  N, C. 

l o c a t i o n .  A t  the  RTP l o c a t i o n ,  need les  from f s r -  
t i l i e e d  and u n f e r t i l i z e d  l i t t e r f a l l  showed no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e i r  lower va lues  f o r  N 
c o n c e n t r a t i o n s  compared wi th  c o n t r o l s .  T J i t t e r f a l l  N 
tended t o  be lower a t  the  138 pound/acre r a t e  and 
h igher  a t  the  275 poundlacre r a t e  than t h e  c o n t r o l .  
The lower N c o n c e n t r a t i o n  f o r  the 138 poundfacre 
r a t e  p o s s i b l y  can be a t t r i b u t e d  t o  s o i l  and s t a n d  
v a r i a b i l i t y  compared wi th  t h e  c o n t r o l  and t h e  275 
pound r a t e .  On the  IRP p l o t s ,  s t u d i e s  i n  n u t r i e n t  
c y c l i n g  showed a  s i g n i f i c a n t  e f f e c t  of N f e r -  
t i l i z a t i o n  on November n e e d l e f a l l  N cor lcen t ra t ion  
f o r  3 y e a r s  a f t e r  t reatment  (Table 2 ) ,  and no 
s i g n i f i c a n t  d i f f e r e n c e  t h e r e a f t e r .  The n u t r i e n t  
c y c l i n g  d a t a  were f o r  n e e d l e f a l l  c o l l e c t e d  monthly, 
thus  a l lowing  f o r  some leach ing  t o  t ake  p lace .  The 
s i g n i f i c a n t  d i f f e r e n c e  due t o  t rea tment  i n  t h e  
f r e s h l y  c o l l e c t e d  need les  was probably due t o  mini- 
mal l each ing  a f t e r  l i t t e r f a l l ,  a l though d i f f e r e n c e s  
i n  N r e l a t e d  t o  t reatment  a r e  s t i l l  s m a l l  compared 
wi th  those  found dur ing  t h e  f i r s t  3 years .  

R e s u l t s  from the  two l o c a t i o n s  i n d i c a t e  t h e  
change i n  N s t a t u s  of the  t r e e s  fo l lowing  f e r t i l i z a -  
t i o n  was r e f l e c t e d  i n  l i t t e r f a l l ,  The change could 
s t i l l  be measured when r e c e n t l y  f a l l e n  n e e d l e s  were 
c o l l e c t e d  i n  November, more than 5 y e a r s  a f t e r  f e r -  
t l l l z a t i o n ,  but  not  i n  needles  exposed t o  l each ing .  

TOTAL, SOLUBLE, AND ARGININE N 

I f  t h e  e f f e c t  of f e r t i l i z a t i o n  l a s t s  3 o r  
p o s s i b l y  5 y e a r s  i n  n e e d l e f a l l ,  then how long would 
i t  l a s t  I n  o t h e r  t i s s u e ?  On t h e s e  same I9P p l o t s ,  
5  y e a r s  a f t e r  f e r t i l i z a t i o n ,  t h e  t o t a l  N i n  2- t o  
3 y e a r - o l d  xylem, and c u r r e n t  needles  and twigs  was 
s i g n i f i c a n t l y  g r e a t e r  where f e r t i l i z e r  was a p p l i e d  
(Table 3).  A f t e r  9  y e a r s ,  the  i n c r e a s e  i n  t o t a l  N 
was s i g n i f i c a n t l y  g r e a t e r  only i n  t h e  xylem, w i t h  
no d i f f e r e n c e  i n  N con ten t  of twigs and c u r r e n t  
need les .  

T o t a l  s o l u b l e  and a r g i n i n e  N were measured i n  
needle and twig samples c o l l e c t e d  9 y e a r s  a f t e r  
f c i r t l l i z a t i o n  (Table 4).  Arginine N appeared t o  



Table 1.--Concentration of t o t a l  N i n  f r e sh  need le fa l l  i n  Novelnber for  
f e r t i l i z e d  and un fe r t i l i zed  t r e e s  a t  two locat ions  

F e r t i l i z e r  N ( fb fae re )  

Locat i on  0  138 200 275 

RTP 
IBP 

*s ign i f i can t ly  d i f f e r e n t  by locat ion  a t  the 5  percent level .  
RTP - Research Triangle Park, IBP = In t e rna t iona l  Biological  Program, N.C. 

Table 2,--Effects of time on the t o t a l  N i n  November need le fa l l  f o r  6  years 
a f t e r  f e r t i l i z a t i o n  beginning i n  April  1971, a t  the In t e rna t iona l  
Biologica l  Program s i t e ,  N.C. 

November Unfer t i l ized  F e r t i l i z e d  Difference 

**signif i can t  a t  1 percent level .  
* Sign i f i can t  a t  5  percent level .  

Table 3.--Total ni trogen i n  wood, needles, and twigs 5 and 9  years a f t e r  
f e r t i l i z a t i o n ,  a t  the  In t e rna t iona l  Biological  Program s i t e ,  N.C, 

5 years 9 years 

Tissue F e r t i l i z e r  N ( lb fac re )  

Wood, 2-3 years old 0.078 0.102** 0.076 0,103* 

Needles, current  1.27 1,39** 1.32 1.45 
Twigs, current  .54 .69** .58 .59 

""signif i c a n t  a t  1 percent l eve l .  
* Sign i f i can t  a t  5  percent l eve l .  



T a b l e  4.--The c o n c e r i t r a t i o n s  of t o t a l  s o l u b l e  arid a r g i n i n e  N i n  l o b l o l l y  
p i n e  n e e d l e s  and t & g s  9  y e a r s  a f t e r  f e r t i l i z a t i o n ,  a t  t h e  I n t e r n a t i o n a l  
B i o l o g i c a l  Progratn s i t e ,  N.C. 

F e r t i l i z e r  N ( l b / a c r e )  

N-f r a c t  i o n  0 N-200 ,'+ % 
and t i s s u e  

vp------------------- --------- - -...- - ----- ---- -- 
------a * - --  - - - - - -  -VT ------- ---a- - -- 

1 10 

S o l u b l e  N 

Needles  
Twigs 

A r g i n i n e  N 

Need les  
Twigs 

be g r e a t e r  i n  t h e  f e r t i l i z e d  t r e a t m e n t ;  h o w e v ~ r ,  
due t o  h i g h  sample and a n a l y t i c a l  v a r i a b i l i t y  , t h e  
i n c r e a s e s  were riot s t a t i s t i c a l l y  s i g n i  E ican t ,  

I n  t h e  e v a l u a t i o n  of t o t a l  s o l u b l e  and nr;i- 
n i n e  N 9 y e a r s  a f t e r  f e r t i l i z a t i o n ,  o n l y  t o t a l  N 
i n  t h e  2- t o  3-year-old wood & s o n  t h e  f e r t i l i z e d  
p l o t s  w a s  s i g n i  t i c a n t l y  g r e a t e r  t h a n  from t h e  
c o r r e s p o n d i n g  t i s s u e  o f  t h e  n o n f e r t i l i z e d  t r e a t -  
me11ts. 

I n  a s tudy  0x1 t h e  S a n t e e  Exper imen ta l  F o r e s t ,  
Sou th  C a r o l i n a ,  a comparisorl  was made between non- 
f e r t i l i z e d  and l o b l o l l y  p i n e  f e r t i l i z e r 1  w i t h  N ,  P ,  
and K a n d  g r o w  on t- ell-drained and ve ry  poor ly  
d r a i n e d  s i t e s  ( F i l e s ,  Sou theas  t e r i l  Forits t 
E x p e r i m e n t  S t a t i o n ,  F o r e s t r y  S c i e n c e s  L a b o r a t o r y ,  
C h a r l e s t o n ,  S.C. ), Needle sa:nples were c o l l e c t e d  
i n  March  from t h e  f i r s t  f l u s h  of t h e  p r e v i o u s  
grouring season  and from t h o s e  of t h e  c u r r e n t  
g r o u ~ i n g  season  i n  August and Nove:nbc; r .  R e s u l t s  
f rom means of t h e  t h r e e  sample d a t e s  a r e  sutn- 
mar ized  i n  Tab le  5. T o t a l  ~ ~ e e d l c  N was gr- . ; l t .~r  01% 

p ine  g r u m  on t h e  wet s i t e ,  a l t h o u g h  t r e e  g r o ~ t l i  
was l e s s ,  T o t a l  and s o l u b l e  N werd n o t  g r e a t l y  
i n f l u e n c e ( l  by f e r t i l i z a t i o n  w i t h  N ,  P ,  and K 
a l t h o u g h  f e r t  i l i z a t  ion  tended t o  i n c r e a s e  s o l u b l e  N 
on t h e  we l l -d ra ined  s i t e  and d e c r e a s e  i t  on t h e  
poor ly  d ra i?ed  s i t e ,  F e r t i l i z a t i o n  had no e f f e c c  
on ti le a r g i n t n e  N c o ~ . r c e r ~ t r a t i o n  i n  n e e d l e s  Erorn t h e  
we l l -d ra ined  s i t e s .  F e r t i l i z a t t o n  of t h e  wet s i t e  
reduced t h e  c o n c e n t r a t i o n  of a r g i n i i ~ e  N by a  f a c t o r  
of 6.6,  probably a s  a  r e s u l t  of improved P 
n u t r i t i o n .  

The a d d i  t io r l  of f e r t i l i z e r  d i d  i l ~ c r e a s c  n e e d l e  
P f o r  b o t h  s i t e s ;  however, w i t h  P f e r t i l i z a t i o n  t h e  
wet s i t e  n e e d l e s  hati a  P c o n c e n t r a t i o n  o n l y  
s l i g h t l y  g r e a t e r  tiIan d i d  t h o s e  on t h e  nonfe r -  
t i l i z e d  d r y  s i t e .  Needles  on b o t h  s i t e s  had P con- 
c e r l t r a t  i o n s  b e l o a  0.1 p e r c e n t ,  which i s  c o n s i d e r e d  
e s s c ~ l t i a l  f o r  p roper  groultli of l o b l o l l y  p ine .  

The d a t a  s h o ~  t h a t  t o t a l  N i s  n o t  a good i n d i -  
c a t o r  oE t h e  N s t a t u s  of t r e e s .  While no d a t a  a r e  
offerecl  h e r e ,  t h e  t r e e s  on t h e  wet s i t e  were r a t h e r  

T a b l e  5.--The e f f e c t s  of f e r t i l i z e r  or1 N f r d e t i o n  and on P i n  l o h l o l l y  n e e d l e s  t aken  
from wel l -d ra ined  and very poor ly  drai:12rl, s i t e s ,  San tee  Exper imen ta l  F o r e s t ,  S.C. 

T o t a l  N S o l u b l e  U Argbnine N T o t a l  P 

-------- ----- - ---------------- --- 
S i t e  F e r t i -  No f e r t i -  F e r t i -  No f e r t i -  FerLi-  No f e r t i -  F e s t i -  No f e r t l -  

cond t  t i o n  l i s e r  l i z e r  l i x e r  l i z e r  l i z e r  l i z e r  l i z e r  l i z e r  

U s l l  d r a i n e d  1 .115 1 .082 0.164 0.144 0.0053 0.0056 0.096 0.986 

Very p o o r l y  1 .283 1,306 .I46 , 191  ,0104 .0684 .088 .065 
draikled 



s c r ; l a y  look ing ,  whereas those  on the  d r a i n e d  s i t e  
verz E u l l e r ,  The h igh  a r g i n i ~ e  N appears t o  he 
more o f  an i n d i c s t o r  of P d e f i c i e n c y  r a t h e r  than 
t h a t  of b" s t a t u s .  

Xylem N a s  an assay  f o r  N s t s t u s  was e v a l -  
ua ted  i n  an i n v e s t i g a t i o n  of s i x  f e r t i l i z a t i o n  
t e s t s  by the Norti1 C a r o l i n a  S t a t e  F o r e s t  
P e r t L Z i z a t i o n  Cooperat ive ( F i l e s ,  YCSFFC, School 
of F o r e s t  Xesonrces ,  N.G. S t a t e  U n i v e r s i t y ,  
Ra le igh ,  M.C. ), Increment c o r e s  were c o l l e c t e d  i n  
Febr# la ry ,  2  g e a r s  a f t e r  f e r t  i l i z a t i o n .  The core  
r i n g s  were s e p a r a t e d  by y n a r s ,  and the  N con- 
cen t r ; l t ion  of 2- and 3-year-old wood of the  
co t r t ro l  p l o t s  was r e l a t e d  t o  volume response due 
t o  N f e r t l l i z a t i ~ n .  There were t h r e e  o r  f o u r  
r e p l i c a t e s  p e r  s i t e  i n  t h e s e  11- t o  21-year-old 
s t a n d s .  

Percen tage  N i n  t h e  2- and 3-year-old xylem 
of f i v e  of t h e  s i x  t e s t s  was 0.069 t o  0,067 
(Table  6 ) .  Response t o  N f e r t i l i z a t i o n  i - icraased 
volume growth Erorn 1 3  t o  206 p e r c e n t ,  b u t  t h e r e  
g a s  no r e l a t i o n s h i p  of g r o ~ t h  t o  xylem N perceft- 
t a g e .  The s i ts  w i t h  0,083 percen t  N i n  t h e  xylem 
f a i l e d  t o  respond t o  N f e r t i l i z a t i o n .  

A 6-year-old s tudy  v i t h  legumes and Eer- 
t i l i z a t i o n  t r e a t m e n t s  was sampled ( F i l e s ,  
Sou theas tz r r l  F o r e s t  Experi tneat  S t a t i o n ,  F o r e s t r y  
Sc iences  Labora to ry ,  Research T r i a n g l e  Park,  
N.C. ). One-year-old xylem con ta ined  0,086,  0.102, 
and 0.109 percen t  N, r e s p e c t i v e l y ,  f o r  the  
u n t r e a t e d ,  f e r t t l i z e d  (150 pounds of N p e r  a c r e ) ,  
and s e r i c e a  l espedeza  t rea tments .  S i g n i f i c a n t  
volume responses  were ob ta ined  f o r  f e r t i l i z a t i o n  
and s e r i c e a  t rea tments .  

t i o n  p e r s t s t e d  f o r  5 y e a r s  a f t e r  '4 f e r t i l i z a t i o n ,  
Th is  s u g g e s t s  n a t i v e  N n u t r i t i o n  13 r e f l e c t e d  i n  
I t t t e r f s l t ,  

( 2 )  T o t a l  N i n  t h e  xylem was inc reased  by 
f e r t  i l l  z a t  ton ;  "owever, l i m t t e d  i n v e s t i g a t i o n s  
faf. Led t o  show s t r o n g  r e l a t i o n s h i p s  b e t ~ e e n  xylem N 
and a rusponse t o  N f e r t i l i z a t i o n ,  

( 3 )  T o t a l  .;oluble N f n  need les  and twigs d i d  
no t  show a response t o  N f e r t i l i z e r  app l ied  9 y e a r s  
e a r l t e r  i n  the Piedmont 2r 2 y e a r s  e a r l i e r  i n  t h e  
Coastnf ?Lain, The a r g t n i n e  f r a c t i o n  of s o l u b l e  N 
appeared s e n s i t i v e  t o  E e r t i t i s a t i o n ;  however, 
snlrtple and a n a b t i c a l  v a r i a b i l i t y  were high. 

4 )  f n  a  comparison between a  very poorly 
d ra ined  and a  wel l -d ra i~zed  c o a s t a l  p l a i n  s i t e ,  each  
w i t h  and ~ i t h o u t  f e r t i l i z a t i o n ,  a r g i n i n e  was 
i n c r e a s e d  i n  need le  satnples low i n  P. The e f f e c t s  
of d r a i n a g e  and P n u t r i t i o n  complicate  t h e  i n t e r -  
p r e t a t i o n  of a r g i n i n e  a s  an assay  f o r  N n u t r i t i o n .  

B a l l a r d ,  R, 
1980, Yi t rogcn  f e r t i l i z a t i o n  of e s t a b l i s h e d  

l o b l o l l y  p ine  s t a n d s :  a  f l e x i b l e  s 2 l v i c u l t u r a l  
t echn ique ,  Tn: Proceedfngs ?.st R i e n n i s l  Sou thern  
S i  l v % c u l t u r a l  Sesearch  Conference; 1380 
Novernber 5-7; A t l a n t a ,  GA. Cen, Tech. Rep. 
SO-34, Yew Or leans ,  L A . :  1J.S. Department of 
A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  Southern F o r e s t  
Experiment S t a t i o n .  p. 223-29. 

Cot rufo ,  Cosimo. 
1983. Xylem n i t r o g e n  a s  a  p o s s i b l e  diagnostic 

n i t r o g e n  t e s t  f o r  l o b l o l l y  pine.  Can. J .  For ,  
Res. 13: 355-357. 

C o t r ~ l f o ,  Coslao,  and Caro l  G .  Wells. 
1984, Some p o s s i b l e  t i s s u e  assay  methods f o r  N 

( 1 )  The r e s u l t s  showed t h a t  i n  f r e s h l y  n u t r i t i o n  a s s e s s a e n t  of P inus  t a e d a  L. Commun. 
c o l l e c t e d  need le f  a l l ,  an i n c r e a s e  i n  N concen t ra -  S o i l  S c i .  and P l a n t  Anal. 15(11):  1391-1407. 

Table  6.--Volume growth response t o  f e r t i l i z a t i o n  and t o t a l  N 
concer l t ra t ions  i n  2- and 3-year-old xylem 

Study Xylem N Growth response 

Chesapeake R-9 
C o n t i n e n t a l  R-9 
Chesapeake R-3 
Union Camp R-9 
Weyerhaeuser R-9 
Westvaco R-9 

F i l e s  a t  XCSPFC, School of F o r e s t  Resources ,  N , C ,  S t a t e  U n i v e r s i t y ,  
R a l e i g h ,  N, C. 
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1 / PNOSPKORUS WQUTREMENTS FOR ESTABLISHmNT OF DUAL-CROPPED LOBLOLLY PINE- 
2 1  Allan E. Tiarks- 

Abstract.--An ongoing field experiment was established 
in 1982 to find the potential of dual-cropping pine for 
sawtimber and biomass production. Also, the effect of 
phosphorus fertilizer on early growth of the two crops was 
analyzed. Genetically superior loblolly pine seedlings were 
planted at a spacing of 2 by 3 m. In the same year, geneti- 
cally unimproved loblolly pine was direct-seeded in a 
1.5-m-wide swath between the planted rows on two-thirds of 
each plot. The seeded subplots will be harvested at two dif- 
ferent times to determine the biomass production and the 
effect on the planted trees. Phosphorus was applied at rates 
of 0, 81, 162, and 324 kg/ha. The two laboratory methods 
used to predict the phosphorus requirement were the 
phosphorus sorption curves and the desorption of added 
phosphorus with an available phosphorus extracting solution. 

Both planted and direct-seeded pines responded to 
phosphorus in the first year, but in the second year 
phosphorus increased the height of only the planted pines. 
The phosphorus sorption curve method accurately predicted the 
amount of phosphorus fertilizer required for the planted 
trees. The desorption method seriously underestimated the 
phosphorus requirement. 

INTRODUCTION 

As costs of establishing pine plantations 
increase, it becomes more important to derive 
some income from the stands as soon as possible. 
Systems that have successfully produced returns 
in the early phase of a rotation include range 
utilization in southern pine and intercropping 
with annual crops in northern hardwoods. Range 
utilization is not always compatible with manage- 
ment objectives because of access requirements, 
and southern pine sites often will not support 
agronomic crops because the soils often have low 
water holding capacity or low nutrient status. 
Koch (1980) proposed a technique of dual-cropping 
planted pines for sawtimber and direct-seeding 
pines for energy. The present availability of 
normal sources of energy has reduced the imme- 
diate interest in using forest land to produce 
biomass as an energy source. However, the long 
lead time inherent in forest research requires 
that work continue so that the potential of using 

/Paper presented at Southern Silvicultural 
Research Conference held in Atlanta, GA., 
November 7-8, 1984. 

2/Soil Scientist, Southern Forest Experiment 
Station, USDA--Forest Service, Pineville, LA 
7 1360, 

the forest for energy will be known should the 
need become more apparent. Recently, a feasibi- 
lity study (McConnell 1984) has shown the dual- 
cropping option to offer economic promise, 
especially after the system has been field pro- 
ven, 

This paper presents interim results on the 
methods of establishing a dual-cropping system of 
pine for biomass production and for sawtimber. 
The effect of phosphorus fertilizer on the early 
growth of the two pine crops is analyzed. Two 
methods of predicting the phosphorus requirement 
of newly established pines are also evaluated. 

METHODS 

The site, located on Beauregard silt loam 
(fine-silty, siliceous, thermic Plinthaquic 
Paleudult) in central Louisiana, had been in 
native grasses with scattered small hardwoods. 
The plots were plowed in the fall of 1980 and 
disked three times in the summer of 1981 to 
control the grasses. 

The experimental design is a completely ran- 
domized split plot with three replications. Four 
levels of phosphorus were applied to the main 
plots and three levels of direct-seeding were 
applied to the subplots. The main plots are 22 m 



by 45 m. The p lan ted  t r e e  spac ing  i s  2 by 3 m, 
s o  t h e r e  a r e  1 5  rows of 11 t r e e s  each per  main 
p l o t .  T h e  main p l o t s  a r e  d iv ided  i n t o  t h r e e  
s u b p l o t s ,  and t h e  measurement p l o t s  a r e  comprised 
of f i v e  t r e e s  i n  each of t h e  c e n t e r  t h r e e  rows 
( f i g .  1) 
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F i g u r e  1 ,--Layout of a t y p i c a l  p l o t  

::::: HARVEST AFTER .." '  . . ' "  5 YEARS 

L o b l o l l y  p ine  s e e d l i n g s  (1-0) were grown i n  
a n u r s e r y  from open-pol l inated seed c o l l e c t e d  
from a s i n g l e  c lone  (K-36) a t  t h e  S t u a r t  Seed 
Orchard i n  Louis iana .  The s e e d l i n g s  were l i f t e d  
i n  J a n u a r y  1982, s o r t e d  f o r  grade 1 s e e d l i n g s ,  
and randomized. The t r e e s  were p lan ted  2 days 
a f t e r  l g f t i n g .  To i n s u r e  a s u f f i c i e n t  number of 
measurement t r e e s ,  two trees were p lan ted  10 cm 
a p a r t  in. des igna ted  measurement t r e e  s p o t s .  The 
s m a l l e r  t r e e  was removed dur ing  t h e  age 1 
measurement. For fus i fo rm r u s t  p revent ion ,  t h e  
p l a n t e d  t r e e s  were sprayed wi th  Bayletone a t  
3-week i n t e r v a l s  dur ing  t h e  s p r i n g  of 1981 and 
1982. Tipmoth was c o n t r o l l e d  by i n c o r p o r a t i n g  
Furadan- around t h e  base of each p lan ted  t r e e ,  
The h e i g h t  and d iameter  of t h e  p lan ted  t r e e s  were 
measured a t  ages 1 and 2. 

T h e  t h r e e  l e v e l s  of d i r e c t  seed ing  appl ied  
were no seeding and two seed ings  t o  be harves ted  
a t  d i f f e r e n t  times. On two of t h e  t h r e e  s u b p l o t s  
on  each main p l o t ,  t h e  middle of t h e  rows were 
d i r e c t - s e e d e d  wi th  l o b l o l l y  p ine ,  bu t  t h e  t h i r d  
s u b p l o t  was not seeded. Seeded t r e e s  on one of 

t h e  s u b p l o t s  w i l l  be c u t  f o r  biomass measurements 
a t  age 4 and on t h e  o t h e r  subplo t  a t  age  5,  
G e n e t i c a l l y  unimproved l o b l o l l y  seeds were s t r a -  
t i f i e d  and coated wi th  Arasan 42-S@, e n d r i a  
l a t e x  and aluminum powder (Campbell 1979).13 in 
February 1982, seeds  were placed i n  s p o t s  spaced 
25 by 50 cm a p a r t  i n  a 1.5-m swath i n  t h e  middle 
of t h e  p lan ted  t r e e  rows, wi th  one l i v e  t r e e  per 
s p o t  d e s i r e d .  I n  an  at tempt t o  g e t  an even 
d i s t r i b u t i o n  of direct-seeded p ines  on a l l  p l o t s ,  
a random pinch of 3 t o  10 seeds was p laced  on 
each spo t .  The s p o t s  were about 5 cm i n  
d iameter ,  The number of l i v e  t r e e s  and t h e i r  
h e i g h t s  were measured on each of t h e  6 s p o t s  i n  
1 0  randomly s e l e c t e d  rows i n  t h e  24 d i rec t - seeded  
s u b p l o t s  1 and 2 y e a r s  a f t e r  seeding.  A f t e r  t h e  
second measurement, t h e  direct-seeded p i n e s  were 
th inned  t o  t h e  t a l l e s t  t r e e  per  spo t .  

S o i l  samples t o  determine t h e  phosphorus 
requirement  were c o l l e c t e d  i n  t h e  s p r i n g  of 1982 
from 15 randomly chosen l o c a t i o n s  w i t h i n  each 
main p l o t  and grouped by p l o t s .  The phosphorus 
requirement  was determined by phosphorus s o r p t i o n  
curves  (T ia rks  1982a) i n  which t h e  s o i l  was 
e q u i l i b r a t e d  wi th  phosphorus s o l u t i o n s  rang ing  
from 0 t o  1 0  m g l l i t e r .  (The phosphorus r e q u i r e -  
ment f o r  95% of optimum growth, a s  e s t i m a t e d  by 
t h i s  method, i s  t h e  amount needed t o  m a i n t a i n  a 
s o i l  s o l u t i o n  c o n c e n t r a t i o n  of 0.2 m g / l i t e r . )  
The amount of phosphorus app l ied  t o  t h e  p l o t s  was 
0 ,  81, 162, and 324 kgfha ,  which i s  0, 1/2, 1, and 
2 t imes t h e  es t imated  phosphorus requirement .  
The phosphorus was a p p l i e d  a s  t r i p l e  
superphosphate i n  A p r i l  1982. Nitrogen a s  u r e a  
was a l s o  a p p l i e d  a t  t h e  r a t e  of 40 kg/ha a t  t h e  
same time t o  a l l  of t h e  p l o t s .  

For comparison, t h e  phosphorus requirement  
was a l s o  determined by t h e  method o u t l i n e d  by 
McLean e t  a l .  (1982). For t h i s  de te rmina t ion ,  
2.5 g of s o i l  was placed i n  a c e n t r i f u g e  t u b e ,  
and 0.15 mg of phosphorus i n  1 m l  of wate r  was 
added. A f t e r  2 hours ,  phosphorus was e x t r a c t e d  
by shaking t h e  s o i l  i n  20 m l  of Bray 2 e x t r a c t a n t  
f o r  15 minutes. The amount of phosphorus 
e x t r a c t e d  was compared with the  amount of 
phosphorus e x t r a c t e d  by t h e  Bray 2 s o l u t i o n  from 
a comparable sample t h a t  had been t r e a t e d  w i t h  1 
m l  of d i s t i l l e d  water .  The phosphorus requ i re -  
ment was determined by mul t ip ly ing  t h e  f r a c t i o n  
of added phosphorus recovered by t h e  d i f f e r e n c e  
between t h e  s u f f i c i e n c y  l e v e l  and t h e  l e v e l  i n  
u n f e r t i l i z e d  s o i l .  The s u f f i c i e n c y  l e v e l  used 
was 10 mg/kg based on unpublished d a t a  d e a l i n g  
wi th  s i m i l a r  s o i l s .  

5 ' ~ h e  Arasan-endrin-lateraluminum t rea tment  
i s  l a b e l e d  by t h e  Environmental P r o t e c t i o n  Agency 
f o r  p ine  seed i n  d i rec t - seed ing  opera t ions .  



Analgs l s  of v a r i a n c e  was used t o  t e s t  t h e  
e f f e c t s  of phosphorus and t h e  direct-seeded 
p ine s  on t h e  growth of t h e  p lan ted  p ines ,  wi th  
s i g n i f i c a n c e  l e v e l  s e t  a t  0.05. When t h e  
effects  of phosphorus were s i g n i f i c a n t ,  
r e g r e s s i o n  was used t o  f i t  t h e  r e l a t i o n s h i p  bet-  
ween phosphorus a p p l i e d  and t r e e  growth. 

RESULTS A"3D DISCUSSION 

During t h e  f i r s t  2 y e a r s ,  t h e  presence of 
d i rec t - seeded  t r e e s  i n  t h e  middle of t h e  rows 
had no e f f e c t  on t h e  growth of t h e  p lan ted  
t r e e s .  Therefore ,  t h e  d a t a  a n a l y s e s  of t h e  
phosphorus on the  p lan ted  t r e e s  were done on t h e  
maln p l a t  averages.  The phosphorus s i g n i f i -  
c a n t l y  increased  t r e e  h e i g h t  both years .  One 
year a f t e r  p l a n t a t i o n  es tab l i shment ,  t h e  h e i g h t s  
o f  t h e  p lan ted  p ines  increased  f ron  0.60 m on 
p l o t s  r e c e i v i n g  no phosphorus t o  0.85 m on p l o t s  
f e r t i l i z e d  wi th  324 kg/ha ( f i g .  2). The quadra- 
t i c  r e g r e s s i o n  of t h e  f i r s t  y e a r ' s  h e i g h t s  ind i -  
c a t e s  a mximum response a t  262 kg of phosphorus 
p e r  h e c t a r e .  A f t e r  2 y e a r s ,  t h e  u n f e r t i l i z e d  
t r e e s  were 1.5 m t a l l ,  and t h e  t r e e s  on p l o t s  
r e c e i v i n g  324 kg of phosphorus per  h e c t a r e  were 
1 .9  m t a l l ,  The q u a d r a t i c  equa t ion  a g a i n  maxi- 
mized a t  262 @/ha.  

YEAR 

PHOSPHORUS 
APPLIED, k g / h a  

F i g u r e  2.--The e f f e c t  of phosphorus on t h e  he igh t  
of p lan ted  pine 1 and 2 y e a r s  a f t e r  e s t a b l i s h -  
ment. The d o t t e d  l i n e  shows t h e  q u a n t i t y  of 
pkasphorus needed f o r  mximum response ( s e e  
t e x t ) .  

At age 1, the  q u a d r a t i c  mean of t h e  root- 
c o l l a r  d iameters  of t h e  p lan ted  t r e e s  increased  
from 1.3 cm t o  1.6 cm a s  t h e  amount of 
phosphorus increased  from O t o  324 kgfha ( t a b l e  
1). The l i n e a r  coolponent of t h e  r e g r e s s i o n  was 
s i g n i f i c a n t  but t h e  q u a d r a t i c  component k.as not .  
I n  t h e  second year ,  t h e  a d d i t i o n  of phosphorus 
d i d  no t  s i g n i f i c a n t l y  a f f e c t  t h e  r o o t - c o l l a r  
diameter .  

Table 1.--Effect of phosphorus on t h e  q u a d r a t i c  
mean of r o o t - c o l l a r  d iameters  of p lan ted  
l o b l o l l y  p ine  2 y e a r s  a f t e r  es tab l i shment  

Root-col lar  diameter  
P a o ~ l i e d  : Year f Year 2 

The l a c k  of response of t h e  d iameters  of 
t h e  p lan ted  p ines  t o  phosphorus i n  t h e  second 
y e a r  might have been caused by a n i t r o g e n  d e f i -  
c iency  o r  by i n c r e a s e d  weed competi t ion,  Only 
40 kg of n i t r o g e n  per  h e c t a r e  was appl ied  i n  t h e  
f i r s t  y e a r ,  s o  l i t t l e  c a r r y  over  t o  t h e  second 
y e a r  would be expected* However, because 
d iameter  growth response t o  phosphorus i n  t h e  
second year  was not  s i g n i f i c a n t  while  he igh t  
growth response was, weed compet i t ion  probably 
caused t h e  reduced response.  S i t e  p r e p a r a t i o n  
was i n t e n s e ,  s o  t h e  p ines  had l i t t l e  compet i t ion  
i n  t h e  f i r s t  year .  By t h e  second year ,  g r a s s e s  
and o t h e r  herbaceous compet i t ion  were 
r e e s t a b l i s h e d ,  e s p e c i a l l y  on p l o t s  t h a t  had 
rece ived  phosphorus f e r t i l i z e r .  

Data on t h e  direct-seeded p ine  were ana- 
lyzed  on t h e  averages  of t h e  two d i rec t - seeded  
s u b p l o t s  w i t h i n  a major p l o t  because they were 
t r e a t e d  t h e  same f o r  t h e  f i r s t  2 years .  The 
average  frequency of s p o t s  without  any s u r v i v a l  
was 24 p e r c e n t  a f t e r  t h e  f i r s t  year .  On s p o t s  
t h a t  had l i v e  p ines ,  t h e  number of t r e e s  per  
s p o t  averaged 2.5. During t h e  second growing 
season ,  t h e  occurrence of s p o t s  without  l i v e  
t r e e s  increased  t o  27 percen t ,  and t h e  number of 
t r e e s  per  s p o t  dec l ined  t o  2.3. Nei ther  t h e  
frequency of t h e  blank s p o t s  nor t h e  number of 
t r e e s  per  s p o t  was a f f e c t e d  by t h e  phosphorus 
t rea tment .  The frequency of s p o t s  without  any 
l i v e  t r e e s  ranged from 2 t o  52 percen t  a f t e r  t h e  
f i r s t  year .  Thus, t h e  at tempt t o  e s t a b l i s h  a 
uniform d e n s i t y  of s e e d l i n g s  on a l l  p l o t s  by 
s p o t  seeding was not  s u c c e s s f u l .  Broadcast ing 
t h e  seed o r  row-seeding would be more p r a c t i c a l  
and probably g i v e  a s  uniform a d e n s i t y  of 
s e e d l i n g s .  

The d i rec t - seeded  p ines  were thinned t o  t h e  
t a l l e s t  t r e e  per  spo t  a t  t h e  beginning of t h e  
t h i r d  y e a r  a s  planned; t h e r e f  o r e ,  only t h e  



h e i g h t  of t h e  t a l l e s t  t r e e  per  spo t  is repor ted  
h e r e ,  A f t e r  1 year ,  t h e  he igh t  of t h e  d i r e c t -  
seeded pines increased  from 0.15 rn on p l o t s  not  
f e r t i l f - z e d  wi th  phosphorus t o  0.24 la on p l o t s  
r e c e i v L n g  324 kg of phosphorus per  h e c t a r e  
( f i g .  3). The q u a d r a t i c  equa t ion  mximized  a t  
272 kgfha. By t h e  end of t h e  second y e a r ,  the  
h e i g h t  of t h e  d i rec t - seeded  p ines  a c r o s s  a l l  
p l o t s  -as 0.53 m. The q u a d r a t i c  component of 
t h e  r e g r e s s i o n  equa t ion  d i d  not account  f o r  a 
s i g n i f  k c a n t  p o r t i o n  of t h e  r e g r e s s i o n  equa t ion ,  
and t h e  l i n e a r  component was s i g n i f i c a r t  only 
a t  t h e  0,089 l e v e l  ( f i g ,  3).  The direct-seeded 
p i n e  p r o b a b l y  d id  not respond t o  phosphorus 
b e c a u s e  of t h e  increased  herbaceous competi t ion 
i n  t h e  second year .  S ince  t h e  direct-seeded 
p i n e s  w e r e  smal le r  than  t h e  p lan ted  p ines ,  they 
would b e  a f f e c t e d  more by t h e  compet i t ion ,  a s  
t h e  d a t a  i n d i c a t e .  

PHOSPHORUS 
APPLIED, k g / k a  

F i g u r e  3 ,--The e f f e c t  of phosphorus on t h e  h e i g h t  
o f  t h e  t a l l e s t  seeded pFne per  s p o t  I and 2 
y e a r s  a f t e r  e s t a b l i s h m e n t ,  The d o t t e d  l i n e  
shows  t h e  q u a n t i t y  of phosphorus needed f o r  
maximam response f o r  age 1 ( s e e  t e x t ) .  
Phosphorus  d i d  not  a f f e c t  he igh t  a t  age 2. 

A f t e r  t h e  f i r s t  year ,  t h e  direct-seeded 
p i n e s  o n  u n f e r t i l i z e d  p l o t s  were 25 percen t  a s  
t a l l  a s  t h e  p lan ted  p ines .  The h i g h e s t  r a t e  of 
phosphorus  (324 kglha)  increased  t h e  r e l a t i v e  
h e i g h t  of t h e  d i rec t - seeded  p ines  t o  27 percen t .  
By t h e  end of t h e  second y e a r ,  t h e s e  p ines  were 

30 percen t  as t a l l  as the p l a n t e d  p i n e s  on a11 
p l o t s .  Phosphorus had no influence on the r e l a -  
t i v e  h e i g h t  of t h e  direct-seeded pines t o  
planted pines a f t e r  2 years. 

The success  of using d i rec t - seeded  pines 
between the  rows o f  planted p ines  r e q u i r e s  t h a t  
planted-pine growth not  be reduced by the  in ter-  
seeding.  For the f i r s t  2 y e a r s ,  t h i s  was the 
ease and probably ~ 5 4 1  remain so I f  the he igh t s  
of t h e  d i rec t - seeded  pines remain a t  Less than  
t h e  h e i g h t s  of the plan ted  p ines .  

The r e l a t t o n s h i p  between t h e  e s t i m a t e d  
phosphorus c o n c e n t r a t i o n  In t h e  s o i l  s o l u t i o n  and 
t h e  m o u n t  of phosphorus a p p l i e d  is  shorn i n  
f i g u r e  4 .  As prev ious ly  s t a t e d ,  the  r e l a t i o n s h i p  
is  determined i n  t h e  l a b o r a t o r y  by addlng a range 
of phosphorus c o n c e n t r a t i o n s ,  and then a f t e r  
e q u i l i b r a t i o n ,  measuring t h e  c o n c e n t r a t i o n  of 
phosphorus i n  s o l u t i o n  and t h e  amount of 
phosphorus sorbed by t h e  s o i l ,  To e s t i m a t e  t h e  
phosphorus requ i red  t o  reach a d e s i r e d  l e v e l  of 
phosphorus in s o l u t i o n ,  t h e  phosphorus t h a t  needs 
t o  be a p p l i e d  is assumed t o  be equa l  t o  t h e  
amount of phosphorus sorbed. The r e l a t i o n s h i p  
f o r  t h e  s o i l s  from t h e s e  p l o t s  was d e f i n e d  by t h e  
fo l lowing  equat ion:  

B r e q u i r e d  = -6.6 f 3,45 
2 [loge(lOOO x P i n  s o l u t i o n ) ]  . 

The e q u a t i o n  accounted f o r  84 p e r c e n t  of the 
v a r i a t f o n  between t h e  phosphorus In s o l u t i o n  and 
t h e  phosphorus sorbed o r  r e q u i r e d ,  The 
phosphorus i n  s o l u t i o n  is es t imated  t o  be 0,004, 
0.048, 0 ,20,  and 1,5 mg/Liter  f o r  the  f o u r  r a t e s  
of phosphorus a p p l i e d  i n  t h e  f i e l d  ( f i g .  4 1 ,  
When t h e  p l o t s  were e s t a b l i s h e d ,  t h e  phosphorus 
requfsed  i n  s o l u t i o n  was thought t o  be 0.2 
m g / l i t e r  f o r  l o b l o l l y  p ine  ( T i a r k s  1982a) .  L a t e r  
work $Tiarks  1982b) showed t h a t  0 , 1  m g / l i t e r  i s  
s u f f i c i e n t  f o r  l o b l o l l y  p ine  t o  grow a t  90 per- 
c e n t  of t h e  mc3ximum. Using t h e  q u a d r a t i c  r e l a -  
t i o n s h i p  between phosphorus a p p l i e d  and h e i g h t  
a f t e r  1 y e a r  f o r  t h e  p lan ted  p ines  t o  i n t e r -  
p o l a t e ,  a t  117 kg/ha o r  a s o l u t i o n  c o n c e n t r a t i o n  
of 0.1 m g l l i t e r ,  t h e  h e i g h t  would have been 0.78 
m o r  90 percen t  of t h e  mxlmum. A t  t h i s  r a t e ,  
t h e  d i rec t - seeded  p ines  would have been 0.21 m o r  
87 percen t  of t h e i r  mximum h e i g h t  a f t e r  1 y e a r ,  
By age 2 ,  t h e  h e i g h t  of t h e  p lan ted  p i n e s  would 
have been 1,84 m o r  94 percen t  of t h e i r  raaxinrwrn 
a t  117 kg of phosphorus p e r  hec ta re .  The he ight  
response of t h e  direct-seeded p ines  is  not  s ign%- 
f i e a n t  a f t e r  2 y e a r s ,  s o  the  r e l i a b i l i t y  of t h e  
s o r p t i o n  curve  method cannot be determined. 
Thus, t h e  s o r p t i o n  curve method of de te rmin ing  
t h e  phosphorus requirement has p o t e n t i a l  f o r  pre- 
d i c t i n g  t h e  amount of phosphorus t o  app ly  when 
t h e  p ine  growth is not l i m i t e d  by o t h e r  f a c t o r s  
such a s  weed compet i t lon ,  

The a l t e r n a t i v e  method of determining the 
phosphorus requirement  (McLean e t  a l .  1982) e s t i -  
mates t h a t  25 kg of phosphorus per  h e e t a r e  would 



be sufficient. In the first year, this rate 
would have given only 75 percent of the mximum 
height growth of the planted pines and 68 percent 
of the maximum of the direct-seeded pines. In an 
unpublished greenhouse experiment, the simpler 
method of McLean et al, (1982) for determining 
the phosphorus requirement was as good as the 
sorption curve method. However, in this field 
experiment, the simpler method did not accurately 
predict the phosphorus requirement, while the 
sorption curve method did. Both methods should 
be tested through significant portions of the 
rotation and in other field situations. The pre- 
liminary results of this study indicate that the 
sorption curve method has good potential for pre- 
dicting the amount of phosphorus required for 
near mximum growth of loblolly pine. 

a .081 '01 . 1  1 10 
PHOSPHORUS IN SOLUTION, mg/liter 
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SEEDLING QUALITY AYD FIELD PERF0 

PINE SEEDLINGS AFFECTED BY ECTOWCORWIZAE 

AND NURSERY CULTUML  PRACTICE^! 
Glyndon E. Hatchell&' 

Abstract.--Results and preliminary findings of nursery 
and outplanting studies of longleaf pine (P<nus palustris 
Mill.) indicate that inoculation of fumigated nursery soil 
with Pisolithus tincto~us (Pt) during spring sowing coupled 
with optimum cultural practices in the nursery greatly increase 
survival and early growth of planted 1-0 bare-root stock. In 
addition to inoculation, other nursery cultural treatments 
being evaluated include: (1) low seedling density (6 to 12 
seedlings/£ t2), (2) lateral-root pruning, and (3) maintenance 
of nutrient balance throughout growing season. Root pruning 
increases the development of second- and third-order lateral 
roots and of short roots on severed lateral roots. These root 
changes increase the number of Pt ectomycorrhizae on the root 
system. Desirable characteristics of 1-0 stock for planting 
on deep sandy sites are root-collar diameter of 0.5 inch or 
larger, numerous lateral and short roots, and abundant Pt 
ectomycorrhizae. 

INTRODUCTION 

Wakeley (1954) suggested 30 seedlings/ft2 as 
the optimum seedling density in nursery beds for 
longleaf pine (Pinus pahstri.s Mill.) and specified 
grade 1 stock with minimum root-collar diameter of 
0.25 inch. Scarbrough and Allen (1954) found that 
lower seedling density in the nursery (<30/f t2) 
increased field survival of longleaf pine, and 
Shoulders (1963) reported that undercutting nursery 
beds also increased survival. Mann (1969) stated 
that "At last longleaf pine can be planted success- 
fully." However, this was obviously an overstate- 
ment because in the following decade average sur- 
vival of planted stands was only about 50 percent, 
with stocking generally below the acceptable level. 

Recent studies on nursery cultural practices 
have provided useful information for the production 
of high-quality longleaf pine planting stock. Marx 
(1977) reported that inoculation of seedlings with 
PisoZi&hus tinctoAus (Pers . ) Coker & Couch ecto- 
mycorrhizae (Pt) in forest nurseries offers an 
excellent opportunity for improving survival and 
growth of pines on a variety of adverse and rou- 
tine reforestation sites. Marx and Bryan (1971) 
observed that Pt formed more ectomycorrhizae on 
southern pines at higher temperatures than 
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TheZephora te~~estris Ehrh. ex Fr., a common 
fungus from natural sources forming ectomycorrhizae 
on pines in southern nurseries (Marx e t  a l .  1984). 
Kais et aZ. (1981) found that abundant Pt ecto- 
mycorrhizae on longleaf pine improved seedling 
survival and early height growth on two sites in 
Mississippi. Tinus (1981) reported that pruning 
lateral roots and undercutting nursery seedlings 
increased seedling survival and initial growth 
in pine plantations in New Zealand. White (1981) 
found that longleaf pine seedlings with root- 
collar diameter 7 0.5 inch were required for 
satisfactory field survival when seedlings had 
been in cold storage for 3 weeks before planting. 

During the past 30 years, attempts to 
regenerate pine in the sandhills region of the 
Carolinas and Georgia have generally failed because 
of extensive offsite planting of slash pine (P. 
ezziottii var. e l l i o t t i i  Engelm.) beyond its 
indigenous range, the use of wrong seed sources 
of loblolly pine (P, taeda L . ) ,  and severe deci- 
mation of loblolly and slash pine stands by 
fusiform rust (Cronartim qherehm f. sp, 
fusif'ome) in£ ection (Kellison et a;. 1977) . 
Choctawhatchee sand pine (P. clausa var. i 
D. B. Ward) has performed well in the South 
Carolina sandhills and no serious problems have 
been observed during the first 15 years after 
planting (McNab and Carter 1981, Hebb 1982). 
Longleaf pine, however, might be a better choi~e 
for operation planting in the Carolina sandhills 
because of concern over possible lack of cold 
resistance in sand pine (Kellison and Jett 1978). 
Although longleaf pine has natura1,resistance 
to fusiform rust infection and is well 



adapted to deep sandy sites, this desirable species 
is still not planted extensively in this region 
because survival is generally poor and seedlings 
usually remain in the grass stage for several 
years, 

This paper surmarizes preliminary results sf 
Longleaf pine research conducred by t he  Institute 
for Mycorrhizai Research and Development during 
the past 7 years, The objective of these studies 
was to develcp nursery cuLturaL gractkces for 
production of high-quality Longleaf pins stock 
suitable for planting on deep sandy sites and 
other stress sites. The results of two out- 
planting studies and one nursery study are pre- 
sented, 

FIELD PERFOWAqCE OF LONGLEAF mD SA%D PINES WITH PT 

Seedling Production 

Seedlings were produced at the mitehall 
Experimental Kursery, Athens, Georgia, during the 
1978 growing season. Nursery beds containing a 
uniform mixture of forest topsoil, sand, and milled 
pine bark (2:I:i, volume ratio) were fumigated with 
methyl bromide under clear plastic. Two pairs of 
nursery beds were randomly assigned the following 
ectomycorrhizal treatments: vegetative inoculum of 
Pt (Marx and Bryan 1975, Marx and Rowan 1981) 
applied (0,10 %/f  t2) on soil surface and mixed 
with the upper 4 inches of soil, or natural inoc- 
ulation (NI) by airborne spores. A pair of Pt and 
NI nursery beds were hand sown (in drills 6 inches 
apart) during April to the following species and 
seed sources: longleaf pine, Jackson County, 
Florida, and Choctawhatchee sand pine, Washington 
County, Florida. During July, nursery beds were 
thinned to uniform densities with 14 longleaf pine 
seedlings/f t and 15 sand pine seedkings/ft2. 

Fertilizer (10-10-10) was applied before 
sowing to all nursery beds at 500 lb/A and mixed 
with the upper 4 inches of soil. All seedlings 
received top dressings of fertilizer: amonium 
nitrate with N at 50 lb/h on July 6, July 28, 
August 24, and September 14; and muriate of potash 
with M at 25 lb/A on September 20. Obsenrations 
in September indicated that Choctawkatchee sand 
pine seedlings exhibited pronounced syrnptoms of 
potassium deficiency, and longleaf pine seedlings 
also showed some symptoms of M deficiency. 

On February 2, 1979, seedlings were lifted, 
graded to a minimum abundance of ectomycorrhizal 
development, and cuhled to minimm root-collar 
diameter (RCD) of 0.31 inch  for longleaf pine 
and 0-12 inch for Choctawhatchee sand pine, Five 
bundles of 25 seedlings of each species and treat- 
ment were packed in wet peat moss, sealed in 
shipping bags, and placed in cold storage for 4 
days before planting, 

Study Area and Experimental Design 

The outplanting study was installed on a sand- 
hills site near New Ellenton, South Carolina. The 
Lakeland and KersBaw soil series on the study area 
are excessively well drained and infertile, with 
sand extending to depths of 6 to 20 feet, An 
imature, poorly stocked slash pine plantation with 
severe fusrifsmr infection was clearcut. Site 
preparation consisted of burning the logging debris, 
roller chapping, and disking, 

A factorial experiaent with The two pine species 
and two ectomycorrhizal treatments was established 
as a randomized block design with five replications. 
Forty-nine seedlings were planted per plot at an 
8- x 8-foot spacing. Isolation strips, 24 feet 
wide between plots, were not planted. Charactgr- 
istics of seedlings at planting are shown in table 
I. The Pt index was 76 for the Pt-longleaf pine 
treatment and 82 for the Pt-sand pine treatment, 
both well above the threshold of 50 needed for 
measurable growth improvement. 

RESULTS AMD DISCUSSION 

Choetowhatchee sand pine performed well 
on the deep sandy site, Band pine has shown 
si nificant growth response to Pt ectomvcorrhizae 
af Fer 4 years; Pt inochlation in the nugsery 

eqd Ing olume index 54 rcen 
xnaex 4Y percent co?lparl% wIt6 flyd 
table 2). Both survlval and growth 
pine seedlings were significantly 

improved by Pt treatment. Longleaf pine 
seedlings with the Pt treatment showed an increased 
survival of 22 percentage points and an increased 
seedling volume index and plot volume index of 154 
and 217 percent, respectively, over NI seedlings 
(table 2). The percentage of longleaf pine seed- 
lings in active height growth during the third 
growing season was significantly increased by Pt 
treatment compared with NI treatment. 

FIELD RESPONSE OF LOMGLEAF PINE TO INOCULATION 

AND OTHER NURSERY TREAT'MENTS 

Seedling Production 

Longleaf pine seedlings were produced at the 
mitehall Experimental Nursery, Athens, Georgia, 
during the 1982 growing season under conditions 
and procedures similar to those described above, 
with respect to soil mixture, furnigation,and inoc- 
ulation. Treatments were factorial combinations 
of two ectomycorrhizal treatments (Pt or MI) x four 
nursery bed densities (6, 9, 12, or 15 seedlings/ft2) 
x two lateral-root pruning treatments (pruned or 
unpruned); treatment combinations were randomly 
assigned to plots. Longleaf pine seed (Richmond 
County, Eorth Carolina source) was hand sown in 
drills 6 inches apart on March 30, and seedlings 
were thinned to assigned densities on May 25. 
Lateral-root pruning was done by severing with a 
shovel to an 8-inch depth midway between drills 
of seedlings on August 16 and October 8. Seedlings 
were not undercut and their needles were not 
clipped. 



Table 1.--Characteristics of pine seedlings planted on a deep sandy site in the 
South Carolina sandhills, by species and ectomycorrhizal treatment 

Pine species Root- Percent of feeder roots 
and nursery collar ectomycorrhizal with: P f 
treatments Height diameter Pt All fungi index 

Sand - Pt 8.0 0.17 50 6 0 8 2 
Sand - HI 5.4 0.13 0 30 0 
Longleaf - Pt <0.6 0.41 35 45 7 6 
Longleaf - HI c0.6 0.35 0 30 0 

Pt = PisoZithus t inc tor fus ;  NI = natural inoculation. 

Table 2.--Fourthyear survival and growth of pine seedlings planted on a 
deep sandy site in the South Carolina sandhills, by species and 
ectomycorrhizal treatment 

- - 

Root- Seedling Plot 
Nursery collar volume volume 
treatments Survival Height diameter inded/ index?./ 

Percent Feet Inches ---Cubic -- inches--- 

Choctawhatchee Sand Pine 

Loneleaf Pine 

Pt 84a 1.5421 1.57a 61a 1,300a 
N I 62b 0.85b 1.34b 24b 410b 

Pt = PisoZithus t inetorius;  NI = natural inoculation. 
Ectomycorrhizal treatment means for a species followed by a common letter are 
not significantly different at P = 0.05. 
I/ Seedling volume index = (root-collar diameter) x height. 
21 Plot volume index = sum of seedling volume index per plot. 

Before sowing,10-10-10 fertilizer was applied 
at 500 lb/A and mixed with the upper 4 inches of 
soil. Top dressings of amonim nitrate with N 
at 50 lb/A and muriate of potash with K at 25 lb/A 
were applied on June 8, June 29, July 28, August 
16, and September 15. Muriate of potash was 
applied as side dressings to avoid K deficiency; 
the amount applied was a modification of recom- 
mended nursery practices for Choctawhatchee sand 
pine (Brendemuehl and Mizell 1978). 

Seedlings were lifted on January 3, 1983, 
and graded. Seedlings with an RCD c0.39 inch or 
with fusiform rust galls were culled. Average 
percentage of plantable seedlings was 88.1, 68.4, 
58.2, and 47.5 for nursery bed densities of 6, 
9, 12, and lf/ft2, respectively. Taproots were 
cut at 10 inches, but needles were not clipped. 
Five bundles of 25 plantable seedlings per treat- 
ment were packed in shipping bags and stored at 
40 O F  for 2 days before planting. 

Study Area and Experimental Design 

The outplanting study was installed on a sand- 
hills site located on the Savannah River Forest 
Station, Aiken, South Carolina. The soil series 
is Blanton; sand extends to a depth of 40 to 80 
inches. An understocked longleaf stand was clear- 
cut, and the site prepared for planting by shearing, 
rootraking debris into windrows, and disking twice, 

A split-plot experiment with a randomized block 
design with five replications was installed. Pt 
and NI ectomycorrhizal treatments were assigned to 
major plots, and subplots were assigned factorial 
cornbinations of the four nursery bed densities and 
two lateral-root pruning treatments. Twenty-five 
seedlings were planted on a single row at 3-foot 
spacing on each subplot, with rows for subplot 
treatments at 8-foot spacing. Isolation strips, 
20 feet wide between main plots, were not planted. 



Mean root-collar diameter and Pt index are EFFECTS OF NURSERY CULTUW PRACTICES ON 
show in table 3. Pt seedlings receiving the 
lateral-root pruning treatment had an overall Pt 
index of 59 compared with 32 for unpruned seed- 
lings. Lateral-root pruning had no effect on 
RCD, As seedling density increased, RCD decreased 
to <O.SO inch for seedlings grown at the 15/ft2 
density. Wowever, the 0.49-inch RCD for the seed- 
lings with 15/ft2 density was larger in this study 
than for stock produced at the same density in 

QUALITY OF LONGLUE PINE STOCK 

The objectives of this study were to detemine 
promising combinations of treatments for producing 
high-quality bare-root longleaf pine seedlings for 
planting on droughty sandy sites. 

Materials and Methods 

the previous study (table 1). This increase in 
size probably resulted from additional fertilizer Longleaf pine 1-0 bare-root seedlings were 

(+50 lb N / A  and + 100 lb K I A )  applied as side produced in the Brunswick Pulp and Land Company 
Nursery, Jesup, Georgia. Longleaf pine seed dressings in this study. 

Table 3.--Characteristics of longleaf pine seedlings before planting on a sandy 
site in the South Carolina sandhills 

Nursery bed density and lateral-root pruning treatments 
Nursery 6/ftL 9/ftL 12/ftL 15/ftL 
treatments Pruned Unpruned Pruned Unpruned Pruned Unpruned Pruned Unpruned 

Root-collar diameter (inches) 

P t index 

Pt 6 5 25 6 5 30 6 0 4 0 4 5 35 
N I 0 0 0 0 0 0 0 0 

Pt = PisoZithus tinctorius; NI = natural inoculation. 

RESULTS AND DISCUSSION 

Density of seedlings in nursery bed, lateral- 
root pruning, and Pt inoculation significantly 
(P = 0.02) affected survival of longleaf pine 
seedlings 2 years after outplanting on the sandy 
site. Overall, survival of seedlings with 6, 9, 
or 12/ft2 density was 9 percentage points higher 
than with 15/ft2 density, survival of seedlings 
with lateral-root pruning was 23 percentage points 
higher than for unpruned seedlings, and survival 
of Pt seedlings was 13 percentage points higher 
than for NI seedlings. Pt-pruned seedlings with 
densities of 6 to 12/ft2 had 90 or 91 percent sur- 
vival contrasted to 42 percent for the NI-unpruned 
treatment with 15 seedlings/f t2 density in nursery 
beds (table 4). 

Root-collar diameter was a more reliable 
measurement of growth than height because only 
37 percent of seedlings on all plots were in active 
height growth after 2 years (table 4). Density 
of seedlings in nursery bed and lateral-root pruning 
significantly (P = 0.01) affected RCD, whereas 
ectomycorrhizal treatments had no significant effect 
on RCD. The main effect of seedling density on 
RCD showed a linear relationship, and means for 
RCD with seedling densities of 6, 9, 12, and 15/ft2 
were 1.08, 1.03, 0.98, and 0.96 inch, respectively. 
The overall means for RCD with respect to lateral- 
root pruning treatments were 1.04 inch for pruned 
seedlings and 0.98 inch for unpruned seedlings. 

(company seed orchard source) was sown on October 21, 
1981 (fall sowing) or March 8, 1982 (spring sowing) 
in eight drills, spaced 6 inches apart, and mulched 
with fumigated pine straw. 

Treatment combinations were: (1) ectomycor- 
rhizae-Pt inoculation with vegetative inoculum 
broadcast at 0.075 k/ft2 of soil surface and mixed 
with the upper 4 inches of soil after fumigation 
with methyl bromide under clear plastic, natural 
inoculation (NI) with airborne spores of ectomycor- 
rhizal forming fungi after soil fumigation, or 
nonfumigated (NF) soil and naturally occurring 
ectomycorrhizae; (2) nursery bed densities of 8, 
12, or 16 seedlings/ft2 after fall sowing and 
thinning on March 24, 1982, or density of 12 seed- 
lings/f t2 after spring sowing and thinning on Play 
20, 1982; and (3) lateral-root pruning midway 
between seed drills to an 8-inch depth during late 
July and late October 1982, or unpruned control. 
Pt and NI plots were fumigated 1 week before sowing 
in either fall or spring. Biological assay (Marx 
et aZ. 1984) of soil samples collected in October 
1981 and March 1982 (pre- and post-fumigation 
samples) was made to detemine fumigation effective- 
ness. 

A split-plot experiment with three major plot 
treatments (ectomycorrhizae, nursery bed density, 
and season of sowing) was replicated five times in 
a randomized block design. Main plots were 4- x 
10-foot sections of nursery bed, with'4- x &foot 



Table 4.--Survival and growth of longleaf  p ine  s eed l i ngs  a f t e r  2 
yea r s  on a sandy s i t e  i n  t h e  South Caro l ina  s a n d h i l l s  

Seedl ings  
i n  a c t i v e  Root- 
he igh t  . c o l l a r  

Nursery t rea tments  Surv iva l  Height diameter  
Percent  Fee t  Percent  Inches 

6/f t"  pruned - P t  9 1 0.48 62 1.12 
unpruned - P t  66 0.40 5 4 1.04 

pruned - H I  8 6 0.46 6 1 1.12 
unpruned - N I  5 1 0.35 3 8 1.02 

9 / f t 2  - pruned - P t  9 0 0.37 4 2 1.04 
unpruned - P t  6 3 0.30 2 7 1 .OO 

pruned - N I  7 8 0.33 40 1.07 
unpruned - N I  6 1 0.32 3 5 1 .OO 

1 2 / f t 2  - pruned - P t  9 1 0.33 3 9 1.05 
unpruned - Pt  8 1 0.33 28 0.97 

pruned - N I  7 9 0.27 2 7 0.97 
unpruned - N I  5 7 0.28 2 1 0.95 

1 5 / f t 2  - pruned - P t  8 4 0.32 37 1.01 
unpruned - P t  6 5 0.31 2 7 0.94 

pruned - N I  7 4 0.31 3 4 0.96 
unpruned - N I  42 0.28 2 7 0.92 

Pt = PisoZithus tinetorius; N I  = n a t u r a l  i nocu l a t i on .  
I /  Seedl ings  i n  a c t i v e  he ight  growth have roo t - co l l a r  diameter  - 
> 1.0 inch  and he igh t  2 0.33 f e e t .  - 

i s o l a t i o n  s t r i p s  between p l o t s .  Root-pruning Analysis  of va r i ance  was conducted on a l l  
t r e a t m e n t s  were i n s t a l l e d  on 4- x 5-foot subp lo t s  d a t a ,  and Duncan's m u l t i p l e  range t e s t  was used 
i n  e a c h  major p l o t .  t o  compare means of main-plot t rea tments .  

When nursery  beds were prepared i n  October 
1981, all p l o t s  rece ived  20-20-20 f e r t i l i z e r  a t  
500 lb/A. Samples of t h e  0- t o  6-inch s o i l  depth 
were c o l l e c t e d  from each p l o t  on October 21, 1981, 
and compos i te  samples f o r  each block showed l i t t l e  
v a r i a t i o n  i n  s o i l  p r o p e r t i e s .  Chemical ana lyses  
showed t o t a l  N ,  340 ppm; a v a i l a b l e  P, 65 ppm; 
exchangeable  K ,  Ca, and Mg, 24, 220, and 26 ppm, 
r e s p e c t i v e l y ;  pH was 5.1; and organic  ma t t e r  was 
1.6 p e r c e n t  (ana lyses  by A&L A g r i c u l t u r a l  Labor- 
a t o r i e s ,  I nc . ,  Memphis Tennessee). During t h e  
growing season of 1982 a l l  s e ed l i ngs  rece ived  top  
d r e s s i n g s  of f e r t i l i z e r :  i n  June,  10-10-10 a t  
150 lb/A; i n  J u l y ,  18-46-0 a t  100 lb/A; and i n  
August, amonium n i t r a t e  w i th  N a t  33 Ib/A. Needles 
were mowed t o  a 4- t o  6-inch length  i n  J u l y  and 
i n  September 1982, and s eed l i ngs  were undercut  a t  
an  8 - i nch  depth i n  August 1982. 

In December 1982, 24 s eed l i ngs  were c o l l e c t e d  
from e a c h  subplo t  ( 3  s eed l i ngs  l i f t e d  t oge the r  from 
random po in t s  wi th in  each of t h e  e i g h t  d r i l l s ) .  
Roo t - co l l a r  diameter  and weight of shoots  and r o o t s  
were measured,  shoo t / r oo t  r a t i o  was determined,  
and t h e  abundance of ectomycorrhizae was assessed  
v i s u a l l y .  

RESULTS AND DISCUSSION 

Both s eed l i ng  dens i t y  i n  nursery  bed and ecto-  
mycorrhizal  t rea tments  had s i g n i f i c a n t  e f f e c t s  on 
RCD of 1-0 longleaf  p ine  s eed l i ngs ,  whereas l a t e r a l -  
r o o t  pruning d i d  no t .  Means f o r  RCD by t rea tment  
combinations (sowing season,  nursery  bed d e n s i t y ,  
and ectomycorrhizal  t rea tments )  a r e  presen ted  i n  
t a b l e  5.  Overa l l ,  s i g n i f i c a n t l y  l a r g e r  RCD r e s u l t e d  
w i th  nursery  bed dens i t y  of 8 / f t 2  than  w i th  12 o r  
1 6 / f t 2  d e n s i t i e s ,  and wi th  P t  o r  N I  ec tomycorrh iza l  
t rea tments  than w i th  t h e  NF t rea tment .  The P t  and 
N I  t rea tments  produced a g r e a t e r  q u a n t i t y  of p l an t -  
a b l e  s eed l i ngs  w i th  minimum s i z e  of 0.35 o r  0.47 
inch  than NF seed l i ngs  produced a t  t h e  same d e n s i t y  
and sowing season; t h e  g r e a t e s t  number of s eed l i ngs  
w i th  RCD F 0.47 inch  r e s u l t e d  from fal l -sown P t  o r  
N I  t rea tments  a t  nursery  bed dens i t y  of 8 / f t 2 ,  
Comparison of f a l l  v e r su s  sp r i ng  sowing w i th  1 2 / f t 2  
d e n s i t y  showed t h a t  sowing season d i d  no t  a f f e c t  
RCD . 

Shoot and roo t  f r e s h  weights  and shoo t / r oo t  
r a t i o ,  a s  in f luenced  by sowing season,  nu r se ry  bed 
d e n s i t y ,  ectomycorrhizal  t rea tment ,  and l a t e r a l -  
r o o t  pruning a r e  presen ted  i n  t a b l e  6. P t  and N I  
s e ed l i ngs  produced a t  t he  same d e n s i t y  and sowing 
season showed s i g n i f i c a n t l y  heavier  weights  of 
shoots  o r  r o o t s  than  d id  t h e  NF seed l i ngs .  Roots 



Table 5.--Effects of season of sowing, nursery bed 
density, and ectomycorrhizal treatment on root- 
collar diameter and quantity of plantable 1-0 
longleaf pine seedlings in an industrial. forest 
nursery 

Root- Plantable seedlings 
Nursery collar bv minimm RCD 
treatments diameter 0.35 (inch) 0.49 

Inch No. seedlings/ftL 

Fall - Pt 0.49~1 7.9d 5.1a 
sown, - H I  0.48a 7.9d 4. Tab 
8/ft2 - NF 0.43bc 7.26 2.7d 

Fall - Pt 0.44b 10.2bc 4.4abc 
sown, - NI 0.43bc 10. dab 3.7kcd 
12/ft2 - MF O.4Ode 9 . 2 ~  1.2d 

Spring - Pt 0.43bc 9.7bc 3.0d 
sown, - NI 0.43bc 9.8bc 3.4cd 
12/ft2 - NF 0.40de 6.6d 1.0e 

Fall - Pt 0.43bc 11.5a 3. ld 
sown, - NI 0.42cd 11.913 3. ld 
16/ft2 - NF 0.39e 6.9d 0.6e 

Pt = PisoZitkus t ine tor ius ;  NI = natural 
inoculation after soil fumigation; EF = nonfumigated 
soil. 
Treatment means in a column followed by a common 
letter are not significantly different at F = 0.05. 

of NF seedlings exhibited severe feeder-root 
necrosis, but soil fumigation a week before either 
f a l l  or spring sowing effectively controlled 
Pythiaceous fungi and p lan t  parasitic neaatodes, 
thus reducing the incidence of the feeder-root 
disease. Mean separarion (P = 0.05) of fresh 
shoot weight of Pt and XI seedlings by sowing 
season and nursery bed density showed fall-8/ft2 
density . f a l l - i 2 / f t j 2  density . fall-16/ft2 den- 
sity > spring-12/ft density; and mean separation 
of fresh root weight showed fall-8/ft2 density > 
fall-12/ft2 density spring-12ffthensity or 
f all-16/ft2 density. Lateral-root pruning sig- 
nificantly increased the fresh weight of roots 
and significantly decreased shootlroot ratio. 
The lowest shsot/root ratios were for Pt and N I  
seedlings sown in spring at 12/f t beensitye 

Lateral-root pruning significantly increased 
the percentage of feeder roots with ectomycor- 
rhizae but had no significant effect on Pt index 
(table 7). Seedlings in spring-sown plots had 
33 percent total ectomycorrhizal development on 
Pt seedlings compared with 24 percent on NI or NF 
seedlings. The lowest (16%) ectomycorrhizal 
development was observed on fall-sown NI seedlings 
grown at the 8/ft2 density. Pt index of fall-sown 
seedlings with Pt ectomycorrhizal treatments is 
low due to natural competition from airborne spores 
of other fungi, which produced abundant fruiting 
bodies in the nursery, and to slow growth of seed- 
lings during fall and winter. Pt index was sig- 
nificantly higher on seedlings in spring-sown plots 

Table 6.--Effects of season of sowing, nursery bed density, ectomycorrhizal treatment, and lateral-root 
pruning on fresh weight of shoots and roots and shoot/root ratio of 1-0 longleaf pine seedlings 

Fresh weight of shoots (g) Fresh weight of roots (g) Shootlroot ratio 
Nursery treatments Pruned Control Means Pruned Control Means Pruned Control Means 

Fall sown, - Pt 38.4 39.8 39.la 13.2 11.9 12.6a 2.93 3.36 3.14cd 
8/f t2 - NI 34.0 38.6 36.3b 11.8 12.1 12.0a 2.88 3.24 3.06de 

- NF 24.8 24.8 24.8de 8.2 6.8 7.5~ 3.02 3.69 3.35abcd 

Fall sown, - Pt 28.7 29.0 28.8~ 9.2 8.7 9.0b 3.13 3.36 3.25bcd 
12/ft2 - NI 26.0 28.1 27.1cd 8.7 8.5 8.6b 3.01 3.37 3.19bcd 

- NF 19.4 20.0 19.7g 5.7 5.3 5.5d 3.37 3.85 3.6la 

Spring sown, - Pt 20.2 20.3 20.2g 7.4 7.2 7 . 3 ~  2.71 2.85 2.78f 
12/f t - Rl 22.8 20.4 21.68 8.6 6.7 7 . 7 ~  2.66 3.04 2.85ef 

- NF 13.8 15.7 14.8h 4.4 4.7 4.6de 3.00 3.37 3.18bcd 

Fall sown, - Pt 24.0 22.5 23.3ef 7.3 6.3 6.8~ 3.27 3.59 3.43abc 
16/ft2 - MI 21.9 24.4 23.lef 6.9 6.8 6,9c 3.15 3.58 3.36abc 

- NF 15.1 14.3 14.7h 4.6 4.0 4.3e 3.32 3.65 3.48ab 

Means for root pruning 24.lA 24.9A 8. OA 7 .4B 3.04B 3.42A 

Pt = PZsoZithus t inctorius;  NI = natural inoculation after soil fumigation; NF = nonfmigated soil. 
Treatment means in a coluxln followed by a cornion lowercase letter are not significantly different at P = 
0.05; means for root-pruning treatments followed by a common uppercase letter are not significantly different 
at P = 0.01. 



Table 7.--Effects of season of sowing, nursery bed density, ectomycorrhizal 
treatment, and lateral-root pruning on ectomycorrhizal abundance of 1-0 
longleaf pine seedlings 

Nursery 
treatments 

Percent of feeder roots 
with ectomycorrkizae Pt index 
Pruned Control Means Pruned Control Means 

Fall sown, - Pt 2 1. 14 18def 3 4 2 7 31b 
8/f  t2 - NI 18 13 16f 0 0 0c 

- NP 25 16 2Lcd 3 0 2 c 

Fall sown, - Pt 19 15 L7ef 37 25 31b 
12/f t2 - NI 18 15 17ef 0 0 Oc 

- NF 2 4 15 20de 3 3 2c 

Spring sown, - Pt 3 5 3 1 33a 56 5 4 55a 
12/ft - NI 2 6 2 1 24bc 0 0 Oc 

- NF 2 9 2 0 25b 10 2 6 c 

Fall sown, - Pt 
16/f t2 - MI 

NF 

Means for 
root pruning 

Pt = Pisolithus t inctorius;  NI = natural inoculation after soil fumigation; 
NF - nonfumigated soil. 
Treatment means in a column followed by a common lowercase letter are not 
significantly different at P = 0 , 0 5 ;  means for root pruning treatments 
followed by a common uppercase letter are not significantly different at 
P = 0.01. 

compared with the other Pt inoculation treatments, 
and the Pt index of 55 for spring-sown seedlings 
exceeded the acceptable minimum (>50); these seed- 
lings should exhibit improved performance on 
refores tation sites. 

Lateral-root pruning significantly increased 
root weight and ectomycorrhizal development and 
reduced shoot/root ratio, attributes that are 
likely to benefit survival of longleaf pine on 
droughty sandy soils. Lateral-root pruning greatly 
increased the number of second- and third-order 
lateral roots, which produced feeder roots and 
ectomycorrhizae in abundance. Brown (1964) ob- 
served that longleaf pine produced at nursery bed 
density <16/ft2 have a high percentage of "carrot- 
rooted" seedlings or other seedlings with deeply 
penetrating fibrous roots. Re stated that lateral- 
root pruning during the growing season induces 
more abundant fibrous roots that remain attached 
to seedlings during the lifting operation. Mhen 
lateral roots are not pruned, up to 80 percent of 
the fibrous roots remain in the soil after seed- 
lings are lifted. This study confirmed Brown's 
observation that lateral-root pruning causes a 
compact, fibrous root system and showed that it 
promoted ectomycorrhizal development on roots 
likely t o  withstand the lifting operation. 

CONCLUSIONS 

Although these findings are preliminary, they 
indicate that optimrzm density of seedlings in 

nursery beds for producing high-quality longleaf 
pine stock is within the range of 6 to 12 /ft2. 
Pruning lateral roots increases root weight and 
ectomycorrhizae and reduces shoot/root ratio, 
attributes desired on high-quality seedlings. 
Row seeding of longleaf pine to obtain uniform 
seed distribution will be needed to permit pruning 
of lateral roots, Application of Pt vegetative 
inoculum in fumigated soil at spring sowing will 
improve seedling quality, but careful nursery 
management is required for maximm effectiveness 
of this treatment. Application of Pt inoculum 
during fall sowing is not likely to be effective 
because of competition with airborne spores of 
other ectomycorrhizal fungi which fruit abundantly 
in the fall. Seedlings produced in nonfmigated 
soil may suffer from feeder-root necrosis or other 
root diseases and become stunted. Production of 
large (RCD '3: 0.5 inch) , high-quality seedlings 
requires effective disease control and maintenance 
of optimum soil fertility, Pt inoculation at 
spring sowing, 6 to 12 seedlings/ft2 in nursery 
bed, and lateral-root pruning result in greatest 
survival and growth of longleaf pine seedlings 
in field studies. 

Effective soil fumigation and inoculation 
with Pt during spring sowing, nursery bed densities 
of 6 to 12/ft , lateral-root pruning, and optimusn 
soil fertility should result in production of high- 
quality longleaf pine seedlings, thus eliminating 
the need for fall sowing, A better understanding 



of longleaf pine seedling quality should result 
from outplanting studies with morphological and 
physiological characteristics of stock assessed. 
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INFLUENCE OF AND FERTILIZATION ON THE 

P. E. Pope and W, R, Chaney 21 

Abstract , - -Strat i f ied r r -  L. seed were sown 
i n pol yethy l  ene-coated pape ( 4  x 4 x 10 112n) f i l l e d  

sand previously inocul ated w i t 9  
(01 1001 200 or  300 m1/2,500 cm 

sand). Modif l ed  Hoagl and's so lu t ion was added weekly a f t e r  
shoot emergence t o  provide ni t rogen l e v e l s  o f  O t  100 and 200 
ppm and phosphorus l e v e l s  o f  O t  50 and 100 ppm. A f te r  17 
weeks? percent co lon izat ion was e r r a t i c  and was not  
cor re la ted w i th  the r a t e  of i nocul at ion.  Hei ght  growth? 
stem diameter and dry weight o f  the various t i ssue  
components were s i g n i f i c a n t l y  increased by e i the r  ni t rogen? 
phosphorus o r  the amount o f  inoculum added. A l l  parameters 
invest igated showed s i g n i f i c a n t  i n te rac t ion  between ni t rogen 
and r a t e  of inoculat ion.  The greatest  growth response and 
stem ca l i pe r  were achieved w i th  300 m l  o f  P t  inoculum a t  
m~dera te  f e r t i  1 i t y  , 

INTRODUCTION 

Containerfzed oak seed1 ings may be an 
a1 t e r n a t  i v e  t o  bare-rooted seed1 i rigs? 
p a r t i c u l a r l y  t o  r e c t i f y  the problems o f  poor 
s u r v i v a l  and slow i n i t i a l  growth f o l 1  owing 
outp l  a n t i  ng (Forbes and Barnett  1974; Johnson 
1979; D ixon e t  a l .  19811, Garre t t  e t  a l .  (1979) 
pos tu la ted  t h a t  the  growth po ten t ia l  o f  
conta iner ized oak seedlings a f t e r  outp lant ing 
coul d be great ly  improved w i th  we1 1 -developed 
mycorrh i z a l  roo t  systems. Pre l  i m i  nary 
invest  S g a t  ions wi th  red 
i n d i c a t e  t h a t  t h i s  spec 
ectomycorrhi zal  fungus 
(Pers) Coker and Couch 
Chaney 1980). Subsequent studies have 
demonst ra ted  the super ior  surv iva l  and growth o f  
con n red oak seed1 i ngs i nocul ated w i th  
E. (Pope 1981; Anderson e t  a1. 1983). 

growth media, frequent appl i ca t i ons  o f  
concentrated inorganic f e r t i l  izers, and a 
greenhouse envi ronment o f ten r e s t r i c t  t he  
devel opment o f  normal mycorrhizal r o o t  systems 
and/or cause a high degree o f  v a r i a b i l i t y  i n  the  
extent o f  mycorrhizae formed, Informat ion i s  
needed on the cu l tu re  techniques f o r  
contai  ne r i  zed seed1 i ngs t o  i nsure cons1 stency i n  
seed1 ing  s i z e  and development? and extent  o f  
mycorrhizae formed. 

This study concentrated on two o f  the  
fac to rs  which i n f l  uence seed1 ing  development -- 
(1)  ra tes  o f  mycorrhizal fungal inocu la t ion and 
(2) varying concentrations o f  n i t rogen and 
phosphorus i n  the growing media, The purpose o f  
the study was t o  determi ne the i n t e r a c t i v e  ro les  
o f  root ing media inocu la t ion wi th  E. 
a t  various ra tes  and var iab le  concentrations o f  
elemental n i t rogen and phosphorus on the 
development o f  red oak seed1 ings grown i n  sand 
cu1 ture. C u l t u r a l  pract ices used i n  producing 

contai  ner fzed seedl i ngs (e,g. use o f  a r t i f  i c i a l  

MATERIAL AND METHODS 

U ~ a p e r  prepared f o r  the Th i rd  B ienn ia l  Seed and Root i ng Media Preparation 
Southern S i l  v i cu l  t u r a l  Research Conference? 
At lan , Georgia, November 7-8? 1984, Red oak ( L.) seed were 

'Associate Professor and Professor, co l lec ted from f i v e  parent t rees located i n  West 
Department o f  Forestry and Natural Resources , Lafayette, Indiana Sn ear ly  November and screened 
Purdue Un ive rs i t y  West Lafayette? Indiana 47907, for  p o t e n t i a l l y  sound seed by the f l o t a t i o n  



method. To k i l l  insect  larvae* a l l  acorns which 
sank were submersed f o r  40 minutes oin water 
maintained a t  a temperature of 46-48 C lOSson 
19741, Following soaklng the seeds were 
s t r a t i f i e d  i n  moist; sand f o r  50 days a t  a 
temperature o f  2'~. 

The roo t ing  media was a very coarse ( 1  m) 
quartz sand, The sand was a c i d  washed w i t h  0 3  & 
XC1 and r insed wi th  d i s t i l l e d  water u n t i l  t he  pH 
o f  the r i nse  water was equal Lo the pH o f  the 
d i s t i l l e d  water p r i o r  t o  i t s  add l t ion t o  the  
sand, The ac id  washed sand was double autoclavsd 
and stored i n  sealed containers u n t l l  used. 

Mycorrhi zal  Fungal Inocu la t ion and Container 
System 

The (Pers) Coker and 
Couch fun a i  ned from Abbott 
Research Laboratories, North Chicago, I l l i n o i s  
and consisted of fungal mycelium cu l tured i n  a 
vermicu l i te  medium, A t  the  t ime o f  i 
the moisture content was 23%. The e, 
(Pt )  i nocul um was incorporated throughout a 
volume o f  quartz sand (10 x 10 x 25 cm = 2,500 
cm f a t  ra tes  o f  0, 100, 200 or  300 m l  , The 
un i nocul ated cont ro l  treatment was "i nocul ated;' 
w i th  200 m l  o f  s t e r i l i y d  inoculum per 2,500 cm 
volume. Each 2,500 cm o f  quartz sand/inoculum 
was p? aced i n  a 10 x 10 x 27 cm open bottomed, 
p? ast  i c  coated paper contad ner obtained from 
Monarch Manu f a c t u r i  ng Company, Denver, Co1 orado. 
Previous research on roo t  growth o f  red oak grown 
i n  containers indicated no obstruct ion o f  roo t  
growth f o r  t h i s  s ize  container (Douglass and Pope 
1979). 

Seeding and Nut r ient  Amendments 

Three red oak seeds were planted i n  each 
container and covered w i th  1.5 cm o f  the sand 
inoculum. Following a three week germination 
period, two seed1 ings were removed from each 
container leaving one seed1 ing  which most nearly 
represented the average seed1 ing. 

Following seedling thinning, 500 m1 o f  a 
modif ied Hoagl ands n u t r i e n t  so lu t ion (Arnon 
19501, adjusted t o  pH 5.8 wi th 0.05 PI NaOH o r  
0.05 N HCl, was added t o  each container, 
Nut r ient  treatments consisted o f  a1 1 possi b l  e 
combinations of N and P a t  0, 100 and 200 mg/kg, 
N and 0, 50 and 100 mg/kgr P, Nutr ient  addi l i o n s  
were made every 3-7 days t o  ma4 n ta i  n the o r i g i n a l  
n u t r i  ent  concentration o f  the quartz sand medi urn, 
f m e d l a t e l y  p r i o r  t o  n u t r i e n t  appl i ca t i ons  the 
sand was 1 eached wi th  1000 m l  o f  d i  s t i l l  ed H20 t o  
remove any nut r ients ,  Seed1 i ngs were grown i n  a 
greenhouse f o r  17 weeks a t  a photoperiod o f  16 h 
an$ maximum and minimum temperatures of 34  and 
21 C, respect ively,  

Experimental Design and Seedl i ng Measurements 

The study was arranged i n  a randomized block 
f a c t o r i a l  des ign  wi th  4 rep1 i ca t i ons  o f  sach 
treatment combinationr 144 indrvidual  seedlings 
i n  t o t a l .  The treatments consisted o f  4 rates of  
fungal inocu la t ion ( 0 ,  100, 200, agd 300 m l  o f  
vermicul ZGe inocufum per 2500 cm o f  quartz 
sand) 3 nl"-&rogsr: concer;-tra"&fonr (Or PO0 and 200 
mg/kgl and 3 phosphorus concentrat4ons (0, 50 and 
100 mg/kgl, The data were analyzed by an 
analysis o f  varlance (AEdOVA) and means were 
separated by Duncanfs new mu l t i p le  range tes t ,  

Ad the terrninatf on of the study, seed1 ings 
were evaluated f o r  chemical and physical  
character i  s t i c s  and the extent o f  myeorrhizae 
formed . Chemical character i  s t i c s  measured 
included the  N (Wilds e t  a l ,  1972) and P (Wilde 
e t  a l e  1972) concentrations and methanol 
ex t rac tab l  e carbohydrates ( P r i e s t l y  1965) i n  
stemsf fo1 f age, taproot and 1 a tera l  roots. 
Physical cha rac te r i s t i cs  quan t i f i ed  included stem 
height and dSameter ( I  cm above roo t  c o l l a r ) ,  
number o f  leaves and dry weight o f  stem fol iage, 
taproo$ and l a t e r a l  roots fo l lowing oven dry ing 
a t  80 C t o  a constant weight, The mycorrhizal 
co1 on i za t  i on was assessed f o l  1 owing the methods 
o f  Grand and Harvey (19821. 

RESULTS AND DISCUSSION 

Seed1 i ng physical and chemi ca l  
cha rac te r i s t i cs  were s i g n i f i c a n t l y  inf luenced by 
n u t r i e n t  concentrations and ra tes  o f  E. 

inoculat ion,  To simp1 i f y  the 
d i  scussion, only the physical character i  s t i c s  o f  
the seed? i ngs associated wi th  the bal anced 
ni t rogen (N) and phosphorus ( P I  n u t r i e n t  
treatments w i l l  be discussed ( i  .e, , N-Ot P-0; 
N-100 mg/kg, P-50 %/kg; N-200 mg/kg, P-100 
%/kg). Stem height, ca l i pe r  and t o t a l  dry 
weight o f  seed1 ings were s i g n i f i c a n t l y  ef fected 
by n u t r i e n t  ava i l  a b i l  i t y  and r a t e  o f  P t  
i nocul a t ion (Tab1 e 1) .  For each i nocul a t i on  
treatment, stem height and t o t a l  p lan t  dry weight 
tended t o  increase wi th  increases i n  N and P 
avai 1 able f o r  seed1 ing  uptake, Increases i n 
ra tes  o f  P t  i nocul a t  ion s t  imul ated seed1 i n g  
height growth and t o t a l  dry weight f o r  the N-0, 
P-O treatment, The largest  seedlings (height and 
dry weight) were associated w i th  the N-100, P-50 
nut r  l e n t  trqatment and an i nocul a t i  on r a t e  o f  300 
ml/2,500 cm quartz sand, The responses o f  stem 
ca l  i pe r  t o  va r ia t i on  i n  avai 7 able nut r ients  and 
ra tes  o f  P t  inocu la t ion are l ess  c lear.  For sach 
i nocul a t i  on rate, when compared t o  the cont ro l  
stem ca l  i pe r  s ign i f  i can t l y  increased a t  the 
N-1001 P-50 nu t r i en t  treatment but  showed no 
add i t iona l  increases a t  the highest (N-200 t 

P-100 n u t r i e n t  treatment, Increasing ra tes  o f  
P t  i nocul a t i on  stimuf ated stem cat i per growth 
only f o r  the N-100, P-50 n u t r i e n t  treatment. 



T a b l e  Is-- Inf luence o f  n i t rogen and phosphorus f e r t i l i z a t i o n  and mycorrhizal fungal inocu la t ion w i th  
ee on selected growth parameters o f  red oak seedlings a f t e r  17 weeks. 

N and P 
F e r t f  l l z a t f o n  

(ktg/kg 1 'lo0 '200 '300 I0 '100 I200 ?300 I 0 '100 '200 '300 - ----------- 

ub mycel la1 inoculum appl ied a t  I = contro4, I = 100 m1/2,500 cm 3 quartz sand. IZo0 = 
200 quartz sand. and = 300 m?/2.500 cm sand. 

2 ' ~ o r  a spec i f i c  p l a n t  variable, values not fol lowed by the same l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  by 
Duncan % new mu1 ti p l  e range t e s t  ( a = 0,051 , 

Ava i lab le  N i n  the sand cu l tu re  and P t  
i n o c u h t i o n  r a t e  in teracted t o  s i g n i f i c a n t l y  
i n f l u e n c e  the t o t a l  dry weight of red oak 
seed1 i Qg roots (Tab1 e 21 . A t  n i t rogen 1 eve1 s o f  
0 and 100 mg/kg9 t o t a l  roo t  dry weight increased 
w i th  qncreasing ra tes  o f  inocu la t ion except f o r  
roots  grown a t  100 mg/kg ni t rpgen and an 
inocu l  a t i on  ra te  o f  300 m1/2.500 cm quartz sand. 
A t  a so lu t ion ni t rogen concentration o f  200 
mgfkg, root  dry weight tended t o  decrease wi th  
increa s i n g  rates f f  P t  i nocul a t ion except f o r  the 
300 rn1/2.500 cm rate. The pat tern  o f  roo t  
growth becomes less  c lea r  f o r  the high 
inocul  a t i  on, high ni t rogen sol  u t i on  treatments. 
The g r e a t e s t  ove ra l l  r o o t  dry weights were 
achieved a t  so lu t ion ni t rogen concentrations o f  
100 mg/kg i n  combination wi th  200 m l  8s o f  P t  
mycel f a 1  Snoculum and 200 mg/kg ni t rogen wi th  300 
m l  cs o f  P t  inocul um. 

The roo t  dry weight was separated i n t o  
components. taproot and 1 a tera l  root, Averaged 
over a l l  treatments. the taproot  weighed 2.37 
grams and was not  s i g n i f i c a n t l y  inf luenced by 
phosphorus treatment (1,62-2.55 g) r r a t e  o f  P t  
mycel i a l  inocu la t ion (2,03-2.81 g)  . the 
i n t e r a e t l o n  o f  sol u t i s n  nl t rogen and phosphorus 
concentrat ions (1,11-.3,08 g)  , or  the interact4 on 
o f  s o l u t i o n  ni t rogen cencentration and 
i n o c u l a t i o n  r a t e  (1.34-3.89 g l ,  

The s i g n i f i c a n t  differences associated wi th  
t reatment  e f f e c t s  and t o t a l  dry wefght o f  root  
systems i s  a funct ion o f  d i f ferences i n  dry 
weight associated w i th  1 a tera l  roots (Tab1 e 3 1, 
For e i t h e r  the 0 mg/kg ni t rogen treatment o r  0 m l  
of P t  inocu la t ion treatment? as the  other 
i n t e r a c t f v e  component increased, so d id  the dry 
wefght o f  the l a t e r a l  roots, A t  the LOO mg/kg 

ni t rogen treatment. l a t e r a l  roo t  weight was not 
a f fec ted by inocul a t jon r a t e  except f o r  the  200 
P t  mycel ium129500 cm rate, Slmil a r ly ,  l a t e r a l  
roo t  weight was unchanged by rates o f  inocu la t ion 
a t  the 200 mg/kg ni t rogen concenra t ion  except 
for  the 300 m1 P t  mycel i um/ 2.500 cm treatment. 

Shoot t o  roo t  r a t i o  (S/R) increased w i th  
increasing concentrations o f  N i n  t h e  n u t r i e n t  
so lu t ion but  decl i ned as P concentrations 
increased. S/R r a t i o  increased from 1.43 a t  the 
N-0 treatment t o  1.97 a t  N-100 treatment and 
declined s l i g h t l y  t o  1.90 a t  the N-200 treatment. 
SIR raFio followed the reverse t rend  w i th  
increasing concentrations o f  ava i lab le  P. As P 
concentrations increased from 0, 50 and 100 mg/kg 
i n  the sand cul ture.  WS r a t i o  decl ined from 1.73 
t o  1 .25~  t o  0.96. Increases i n  ava i l ab le  
ni t rogen i ncreased shoot (stem and f o l  iage) 
growth re1 a t i v e  t o  roo t  growth thereby increasing 
the  SIR r a t i o ,  Increases i n  ava i l ab le  P are 
o f ten associated w i th  the s t imula t ion o f  roo t  
growth re1 a t i v e  t o  stem and f o l  iage growth, 

Total p lan t  dry weight was s i g n i f i c a n t l y  
inf luenced by the in te rac t ion  o f  n i t rogen and 
phosphorus f n so lu t ion (Tab1 e 4 )  , When averaged 
over a17 inocu la t ion treatments, as n i t rogen 
concentrations increased from 0 t o  200 mg/kgr and 
phosphorus concentrations increased from 0 t o  50 
mg/kgr t o t a l  p lan t  dry weight also increased, 
Except for  the  N-0 treatment, increases i n  
phosphorus concentration t o  100 mg/kg resu l ted  i n 
decl ines i n t o t a l  dry weight o f  oak seed1 ings, 

Inocu la t ion r a t e  in teracted s i g n i f i c a n t l y  
w i th  ni t rogen and phosphorus t o  in f luence lea f  
weSght (Table 41, There was general ly l i t t l e  
e f f e c t  o f  P t  inocu la t ion r a t e  on l e a f  dry weight 



Table 2.--1nteracti on o f  inocul a t i on  r a t e  and so lu t i on  n i t rogen 
on t o t a l  roo t  dry weight (gramsf o f  red oak seed1 f ngs grown i n  
containers i n  the greenhouse f o r  17 weeks. 

N Content 

Mean 2.98 2.98 3 -76 4.03 
-------------------- 

U ~ a l u e s  not  fol lowed by the same l e t t e r  are s i g n i f i c a n t l y  
d i f f e r e n t  (a = 0.05) by Duncanfs new mu1 t i p l e  range tes t .  

Tab1 e 3 .--Interaction of inocu la t ion r a t e  and so lu t ion n i t rogen on 
the l a t e r a l  roo t  dry weight (grams) o f  red oak seed1 ings grown 
i n  containers i n  the greenhouse f o r  17 weeks. 

N Content 
o f  Sand Cu1 t u r e  
0 

Mean 0.88 0.95 1.21 1.25 

U ~ a l u e s  not  fol lowed by the same l e t t e r  are s i g n i f i c a n t l y  
d i f f e r e n t  (a = 0.05) by Duncanfs new m u l t i p l e  range tes t ,  

for p lants  grown i n  the N-0 treatment but  a t  the 
ni t rogen concentration o f  100 t o  200 mglkg (N-100 
and N-200 treatments 1, increasing ra tes  o f  
mycorrhizal inocul a t i  on are associated wi th  
greater l e a f  weights, The greatest l e a f  weight 
i s  associated wi th  the N-200 3nitrogen treatment 
and the  1-200 (200 m112,SOO cm sand) mycorrhizal 
fungal inocu la t ion treatment. Increases i n  
inocu la t ion r a t e  f o r  the N-200 ni t rogen treatment 
resul  ted i n decl i ne i n  t o t a l  1 eaf wei ght. 

An increase i n  inocu la t ion r a t e  a t  the P-0 
phosphorus treatment resu l ted i n  a steady bu t  
nons ign i f icant  increase i n  l e a f  weight (Table 4) . 
A t  the P-50 (50 mglkg) phosphorus treatment* 
i ncreases i n i nocul a t  i on r a t e  resul ted i n 
increases i n  l e a f  dry weight. For the P-100 
phosphorus treatment, inocul a t ion r a t e  d id  no t  
s i g n i f i c a n t l y  inf luence leaf  dry weight f o r  the 
1-0, 1-100 or  1-200 inocu la t ion treatments but  
showed a marked increase i n  l e a f  weight f o r  the 



Tab1 e 4 .--Interact1 on o f  so lu t ion ni t rogen and phosphorus concentrations 
on t o t a l  seed1 i ng dry weight and the in te rac t ion  o f  P t  inocu la t ion r a t e  
and nitrogen, and phosphorus concentration o f  the n u t r i e n t  sol  u t i  on on 
1 eaf dry weights o f  seed1 ings. 

Concentration o f  Total Dry Weight (g)  Leaf Dry Weight (g) 
Nitrogen i n  P conc, 
0- 
L A X  

Concentration o f  
Phosphorus i n  

Quartz Sand 
0 

Leaf Dry Weight (g)  
Inocul a t i  on Rates 

(m1/2.5003sand) 
_ O _ _ 1 O C ) _ 2 Q O m  

U ~ o r  a p a r t i c u l a r  set  o f  i n t e r a c t i v e  variables, values fol lowed by a 
d i f f e r e n t  1 e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  by Duncan's new mu1 t i p l e  
range t e s t  (a = 0.05) . 

1-300 i nocul  a t  i on treatment. For the 3control 
(1-0) and the 1-100 (100 m1/2,500 cm sand) 
i n o c u l a t i o n  treatment, l e a f  dry weight increased 
w i th  increas ing phosphorus concentrat i  ons, A t  
the  1-200 inocul a t i on  treatment, 1 eaf dry weight 
increased as phosphorus concentration increased 
t o  50 mg/kg and then decl i ned a t  P concentrations 
of 100 mg/kg. A t  the highe3t r a t e  o f  
inoculation, 1-300 (300 m1/2,500 cm sand) l e a f  
dry weight increased wi th  increasing 
concentrat ions o f  phosphorus. 

The resu l t s  o f  t h i s  study appear t o  be i n  
c o n f  i c t  w i th  the growth data presented by 
Beckjord e t  a l e  (1980) who found t h a t  red oak 
seed1 i ngs un i nocul ated w i th  P t  and rece iv i  ng no N 
f e r t i l  i z s r  were la rge r  than the inoculated and 
f e r t i l  i zed seed1 i ngs, The author concl uded t h a t  
the l e v e l s  o f  N, a l l  less  than 53 q/l, were 
probably suboptimal f o r  good growth, Comparison 
o f  the  da ta  from the two studies y i e l d  several 
d i f ferences, The present study u t i l  ized higher 
ra tes  o f  P t  inoculat ion,  a d i f f e r e n t  i sola te  o f  

( is01 a t e  #I38 instead o f  is01 a te  8186 1 and 
higher r a t e s  o f  N f e r t i l i z a t i o n .  These 
d i  f ferences coul d account f o r  the di f ferences 
observed i n  the study. High ra tes  o f  
f e r t i l  f z a t i o n  appeared t o  reduce the bene f i c ia l  

e f fec ts  associated w i th  P t  i nocul ation. Except 
for  the N-0 and P-0 treatments the seedlings were 
not nu t r i  ent stressed. 

The co l  on i +at  i on of seed1 i ngs by mycorrhi za l  
fungi i s  o f ten associated wi th  changes i n  the  
percentage of extractabl  e carbohydrates i n  p l  ant 
t issue, These differences were not  evident f o r  
any o f  the treatment combinations f o r  r o o t  o r  
fo1 iage t i ssue  but  tended t o  show an e f f e c t  f o r  
stem t issue. On the average 23.5% o f  the dry 
weight o f  stem t i ssue  i s  a t t r i b u t e d  t o  methanol 
ex t rac tab le  carbohydrates (NEC) and ranged from 
12.5-34.73, While inocu la t ion r a t e  had no 
s i g n i f i c a n t  inf luence on the percentage o f  
methanol extractabl  e carbohydrates i n  the  stem 
tissue, it d id  inf luence the number of seed1 ings 
w i th  NEC values greater than the average of 
23-55. The maximum number of occurrences f o r  any 
one inocu la t ion treatment i s  36, The number o f  
occurrences of seed1 i ngs wi th  stem methanol 
ex t rac tab le  carbohydrates greater than the  mean 
was 20 f o r  the 300 m l  inoculat ion treatment, 36 
f o r  the 200 m l  inocul a t ion treatment, and 12 f o r  
the uninoculated cont ro l  and the 100 m1 
i nocul a t  i on treatment, 



She extent  o f  the mycorrhizas formed on the 
rost systems was determjned as a percentage o f  
the t o t a l  number o f  short  roots9 i,e,, number o f  
7ateral  roots which formed mycorrhizas d iv ided by 
the  total number o f  l a t e r a l  roots, 00 t he  
average* 48% o f  the  l a t e r a l  roots  o f  a11 
J nocu? ated seedl i ngs was co l  m i zed by the  fungus 
!?a and ranged From 26 t o  63%- No 
mycorrhlzae farmed on t he  uninocul ated con t ro l  
seed5 i n g s ,  Because of t he  h igh  degree o f  
var i  ab i  7 i t y  among treatmentsp there  were no 
sign?ficant differences i n  t he  percentage o f  
mycorrhSrae formed f o r  any o f  the  inocu la t ion  
treatments, A t  low crancentrat3ons o f  P i n  the 
nutrient s o l u t i ~ n ~  the  X of P t  co lon iza t ion  
tended do dncrease w i th  increasing amounts o f  P t  
inoculum and N concentrat ion i n  the  n u t r i e n t  
sa lu t l on  (range 31-50%) , A t  high concentrations 
sf N and P i n  the  n u t r l s n t  solutions, the  amount 
o f  myccrrhfzae Formed was low (21-333) and showed 
no re1 a t i  onshi p t o  i nocul a t i  on treatment. The 
greabesl development o f  mycorrhizae occurred a t  
t he  moderate nutrSent treatment where the N t o  P 
r a t i o  was 2:L ( L B O  m g i k g r  N and 50 ~ / b i g r  PI .  
"The percentage o f  P t  co lon iza t ion  averaged 57% 
and ranged P r  rn 4 % r  a t  the 100 mf P t  inocu'ium 
per 2.500 cn? sand, t o  63% a t  the  300 m l  
i nscul a t  4 on rate,  

The absence o f  any s i g n i f i c a n t  d i f fe rence 
among treatments means i n  the amount o f  P t  
ectomycorrhizae formed (measured as X o f  t o t a l  
l a t e r a l  roots) i s  d isappoint ing but  no t  t o t a l l y  
su r p r i  s$ ng , Grand an d  Harvey ( 1982 1 i nd i ca te  the 
percentage f i g u r e  may be s t a t  i s t  i c a l l  y 
overwhelmed because o f  such over r ld ing fac to rs  as 
sfze o f  seedl fng and number of roots, This i s  
apparently the case f n  th4s study. Even wi th  a 
small  genet ic base (5 parent t rees)  , the genet ic 
vas i  abi  l i t y  appeared t o  be s i g n i  f i c a n t l y  1 arge 
enough to cause a l a rge  v a r i a b i l  Sty i n  seedl i ng  
s i z e  and number o f  shor t  roots  f o r  a n u t r i e n t  and 
S nocul a t  3 on treatment comb i na-t f on caus i ng such 
v a r i a b l l  f l y  i n  t he  X co lon iza t ion  f i g u r e  t h a t  it 
was not  s ign i f i can t ,  

From these data b t  appears t h a t  Inocu la t ion  
rate a n d  so lu t f on  nitrogen concentration i n t e r a c t  
p o s l t f v e l y  Lo increase t o t a l  p lan t  dry weight and 
the percentage o f  rost d r y  welght occurr ing i n  
1 ateera? roots, Secondly increases -In soluti ion 
njtrsgen cancentration and decreases i n  so lu t i on  
phosphorus coneentratlsns s i g n i f  i c a n t l y  increased 
p l a n %  shoot t o  r o s t  ra t ios .  And f i n a l l y ?  the  
physical parameters o f  red oak seedlings grown a t  
moderab levels o f  f e s t $ " t t y  are s i g n i f i c a n t l y  

by inoeu la t ian  w l th  
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THE PERFOR:%ANCE CF LUBLOLLY, V I R G I N I A ,  A!<D SHORTLEAF PLXE OK A RECLAIMED SURFACE X I N E  

AS AFFECTED BY PISOLLTRCS TLSCTORLUS ECTOWCORRHZZXE ASD FERTILIZdTlOXL/ 

R ,  F, Walker, D, 6, West, S ,  b ,  MctaughLin, and 6 .  C. Amunbsen2-i 

Abstract. The effects of an induced Pisolithus tinctorius 
infection and broadcast fertilization on the survival and growth 
of loblolly ( P i n u s  taeda), Virginia (Pinus virginiana), and 
shortleaf (Pinus eckinata) pine outplanted on an east Tennessee 
coal surface mine r4ihich had been regraded and hydroseeded with a 
mixture of  round cover species were studied. After six years, 
the survivai and growth of loblolly pine with 5 tinctorius 
ectomycorrhizae were significantly improved in comparison with 
control lobLolLy pine infected by other ectornycorrhizal symbi- 
onts, hut fertilization at outplanting resulted in a significant 
reduction in the survival of this species. The response of the 
Virginia pine to the infection by P. tinctorius was negligible 
after five years, but fertilization at outplanting also signifi- 
cantly reduced the survival of Virginia pine. Fertilization of 
the shortleaf pine at the start of the third growing season did 
not result in the drastic mortality exhibited by the loblolly 
pine, and to a lesser extent the Virginia pine, in response to 
fertilization at outplanting, but this treatment was still det- 
rimental to the survival of this species after five years. 
There was a marginal improvement in the survival and growth of 
"the shortleaf pine in response to the infection by P. tinctorius. 
The effect of fertilization on the growth of all three species 
was negligible. These results indicate that the magnitude of 
the response exhibited by pines on harsh sites to an ectomycor- 
rhizal infection by P. tinctorius is species dependent. Also, 
broadcast fertilization is inefficient on surface-mined sites 
where a vegetative ground cover has been established, and there 
is a need for further research concerning the methods, timing, 
and rates of fertilization employed on these sites when both 
ground cover and pine species are included in post-mining reveg- 
etation. 
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INTRODUCTION 

Mycorrhizal relationships are receiving 
major consideration in the development of 
improved reforestation techniques for surface- 
mined lands. Due to mining practices which £re- 
quently result in the burial of surface strata, 
the status of mine spoils in relation to their 
ability to promote these spbiotic associations 
is questionable. Subsequently, the inoculation 
of selected species of forest tree seedlings with 
the appropriate mycorrhizal fungus prior to 
outplanting has considerable potential as an 
invaluable tool in the revegetation of these 
sites. There is ample evidence which suggests 
that certain ectomycorrhizal fungi have a 
superior ability to provide benefits to their 



h o s t s  rmnder t h e  adverse  growing c o n d i t i o n s  preva- 
l e n t  irr: mine s p o i l s ,  which a r e  o f t e n  charac- 
t e r i z e d  by a  low pH, low n u t r i e n t  s t a t u s ,  h igh  
concent ; ra t ions  of t o x i c  subs tances ,  e l e v a t e d  
s u r f a c e  temperatures ,  and drought iness .  Yarx 
(1977) has  r e p o r t e d  t h e  occurrence of P i s o l i  thus  
t i n c t o r i u s  (Pers . )  Coker and Couch i n  a s s o c i a t i o n  
w i t h  s e v e r a l  f o r e s t  t r e e  s p e c i e s  on a  v a r i e t y  of 
mine s p o i l s ,  and i n  p re l iminary  s t u d i e s ,  p ine  
s e e d l i n g s  witk an induced i n f e c t i o n  by P, t i n c -  
t o r i u s  have e x h i b i t e d  s u r v i v a l  and growth 
s u p e r i o r  t o  t h a t  of noninoculated s e e d l i n g s  
i n f e c t e d  with n a t u r a l l y  occur r ing  funga l  s p -  
b i o n t s  on s e v e r a l  s u r f a c e  mine s i t e s  (Berry 1982, 
Marx a n d  Artman 1979, Walker e t  a l .  1981). The 
s t u d y  r e p o r t e d  here  was designed t o  a s s e s s  t h e  
e f f e c t  of an induced i n f e c t i o n  by t i n c t o r i u s  
on t h e  s u r v i v a l  and growth of l o b l o l l y  (Pinus 
t a e d a  L.).  V i r n i n i a  (Pinus v i r n i n i a n a  M i l l . ) .  and . . .., - . . 
s h o r t l e a f  (Pinus e c h i n a t a  Mi l l . )  p i n e  ou tp lan ted  
i n  c o n j u n c t i o n  with t h e  es tab l i shment  of a  vege- 
t a t i v e  ground cover on a  s u r f a c e  mine i n  
T e n n e s s e e .  Due t o  t h e  demonstrated response of 
f o r e s t  t r e e s  t o  n u t r i e n t  amendments on such s i t e s  
( Z a r g a r  e t  a l .  f973) ,  a  f e r t i l i t y  v a r i a b l e  was 
i n t r o d u c e d  t o  permit an  examinat ion of t h e  
i n t e r a c t i o n s  of P, t i n c t o r i u s  ectomycorrhizae and 
f  e r t i l L  z a t i o n  a s  they a f f e c t e d  t h e  performance of 
t h e s e  s p e c i e s .  

MATERIALS AND METHODS 

T h e  5 t i n c t o r i u s  inoculums used i n  t h e  pro- 
d u c t i o n  of t h e  l o b l o l l y  and s h o r t l e a f  pine 
s e e d l i n g s  i n  t h i s  s tudy ,  des igna ted  GA 100, were 
p r o d u c e d  by t h e  I n s t i t u t e  f o r  Mycorrhizal  
R e s e a r c h  and Development (IMRD) of t h e  USDA 
F o r e s t  Service.L/ The 5 t i n c t o r i u s  inoculums 
used i n  the  produc t ion  of t h e  V i r g i n i a  pine 
s e e d l i n g s  c o n s i s t e d  of t h r e e  fo rmula t ions ;  t h e  GA 
100 produced  by t h e  IMICD, and t h e  ABB 100 and AB 
200, produced by Abbott ~ a b o r a t o r i e s . k !  A l l  of 
t h e  P, t i n c t o r i u s  inoculums c o n s i s t e d  of funga l  
m y c e l i a  grown on a  vermicu l i t e -pea t  moss-nutr ient  
medium s u b s t r a t e  such t h a t  t h e  hyphae permeated 
t h e  v e r m i c u l i t e  p a r t i c l e s .  For t h e  l o b l o l l y ,  
V i r g i n i a ,  and s h o r t l e a f  p ine  s e e d l i n g s ,  GA 100 
d e s i g n a t e s  t h e  a p p l i c a t i o n  of t h e  inoculums pro- 
duced by the  IHRD t o  t h e  nurse ry  bed a t  t h e  r a t e  
o f  1 .08 1 t ~ - ~ .  For t h e  V i r g i n i a  p ine  s e e d l i n g s ,  
ABB 1 0 0  and ABB 200 d e s i g n a t e s  t h e  a p p l i c a t i o n  of 
t h e  inoculum produced by Abbott L a b o r a t o r i e s  t o  
t h e  n u r s e r y  bed a t  t h e  r a t e  of 1.08 1 mm2 and 
2 '16 1 r e s p e c t i v e l y .  The methods of produc- 
t i o n  o f  t h e  s e e d l i n g s  of each of t h e  t h r e e  spe- 
c i e s  u s e d  i n  t h i s  s tudy  were descr ibed  i n  d e t a i l  
by Marx e t  a l .  (1984). The l o b l o l l y  p ine  
s e e d l i n g s ,  grown by t h e  Weyerhaeuser CompanyL/ a t  

31 Southeas te rn  F o r e s t  Experiment S t a t i o n ,  
~ o r e s y r - y  Sciences Labora tory ,  C a r l t o n  S t r e e t ,  Athens, 
Georgia  30602, 

41  A g r i c u l t u r a l  Research Cente r ,  6131 RFD 
oakmod Road, Long Grove, I l l i n o i s  60047. 

51 Southern F o r e s t r y  Research Cente r ,  P.O. Box 
1060 30 t Spr ings ,  Arkansas 71901. 

t h e i r  For t  Towson, Oklahoma Nursery, were L i f t e d  
i n  January 1978. The V i r g i n i a  p i n e  seeldings, 
grown by the  Ind iana  Div is ion  of F o r e s t r y  a t  
t h e i r  Val lon ia  S t a t e  ~ u r s e r y k i ,  and t h e  s h o r t l e a f  
p ine  s e e d l i n g s ,  grown by the  Missouri  Department 
of Gonservatfon a t  t h e i r  George 0, Idkite S t a t e  
~ u r s e r y L / ,  were l i f t e d  i n  iviarch and A p r i l  1979, 
r e s p e c t i v e l y .  Cont ro l  s e e d l i n g s  of each of t h e  
t h r e e  s p e c i e s  were grown i d e n t i c a l l y  t o  t h e i r  
i n o c u l a t e d  c o u n t e r p a r t s  except t h a t  no inoculuns 
were incorpora ted  i n t o  t h e  nursery bed. A t  
l i f t i n g ,  t h e  degree of ectomycorrhizal  develop- 
ment of t h e  s e e d l i n g s  of a l l  s p e c i e s  and t r e a t -  
ments was eva lua ted  by the ZMRD by the  method of 
Marx and Bryan (1975) ,  and t h e  s e e d l i n g s  t o  be 
o u t p l a n t e d  were graded t o  uniform h e i g h t s  and 
r o o t  c o l l a r  diameters .  

The o u t p l a n t i n g  s i t e  was a  s u r f a c e  mine 
l o c a t e d  on a west-facing s l o p e  i n  Campbell 
County, Tennessee (36°199330"~, 8 4 ° 1 7 t 3 0 " ~ ) .  A l l  
mining ceased i n  t h e  f a l l  of 1977 and t h e  s p o i l  
was re tu rned  t o  t h e  approximate o r i g i n a l  con tour .  
The s i t e  was immediately hydroseeded w i t h  a m i x -  
t u r e  of Kentucky 31 t a l i  f escue  (Fes tuca  arun- 
d inacea  Schreb . ) ,  p e r e n n i a l  ryegrass  (Lolium 
perenne L . ) ,  and s e r i c e a  lespedeza ( 
cunga ta  [Dumont] G ,  Don), and then a s t raw- 
c e l l u l o s e  f i b e r - a s p h a l t  mulch was a p p l i e d .  The 
lob loLly  p ine  s e e d l i n g s  were hand p lan ted  i n  
A p r i l  1978 i n  a randomized block des ign  wi th  f i v e  
r e p l i c a t e  blocks.  Each block c o n s i s t e d  of f o u r  
p l o t s  of 25 s e e d l i n g s  each p lan ted  i n  f i v e  raws 
of f i v e  s e e d l i n g s  each with a spacing w i t h i n  and 
between rows of approxiamtely 1,25 m and a 
spac ing  between p l o t s  of approxiamtely 6 m. The 
t r e a t m e n t s  of t h e  l o b l o l l y  p ine  c o n s i s t e d  of t h e  
G A  100 s e e d l i n g s  f e r t i l i z e d  a t  t h e  r a t e  of 336 kg 
ha-I WK, n o n f e r t i l i z e d  GA 100 s e e d l i n g s ,  c o n t r o l  
s e e d l i n g s  a l s o  f e r t i l i z e d  a t  the  r a t e  of 336 kg 
ha-I hTK, and n o n f e r t i l i z e d  c o n t r o l  s e e d l i n g s .  
Each of t h e  f o u r  t rea tments  was represen ted  i n  
i n d i v i d u a l  p l o t s  w i t h i n  each blockc P r i o r  t o  t h e  
a p p l i c a t i o n  of t h e  f e r t i l i z e r ,  f i v e  s o i l  sub- 
samples were c o l l e c t e d  from each p l o t  a t  a dep th  
of 0 t o  20 cm and combined i n t o  one composite 
s a a p l e  per  p l o t .  These samples were ana lyzed  f o r  
pH by use  of a  g l a s s  e l e c t r o d e  on a  1:l mix ture  
of s o i l  and d i s t i l l e d  water ;  t o t a l  N by 
macro-Kjeldahl d i g e s t i o n ;  weak bray P  c o l o r i -  
m e t r i c a l l y  a f t e r  e x t r a c t i o n  wi th  NH4F and H C I ;  K 
by atomic a b s o r p t i o n  a f t e r  e x t r a c t i o n  wi tk  
NHqC28302; Fe and Mn by atomic a b s o r p t i o n  a f t e r  
e x t r a c t i o n  wi th  WCI; and A 1  by atomic a b s o r p t i o n  
a f t e r  e x t r a c t i o n  with K G 1 . I  A f t e r  t he  c o l l e c -  
t i o n  of t h e  s o i l  samples, 82 g of 15-15-15 (NBK) 
g r a n u l a r  f e r t i l i z e r  was evenly d i s t r i b u t e d  over 
0,37 m2 around each of t h e  a p p r o p r i a t e  seedl ings  
t o  ach ieve  t h e  f e r t i l i z a t i o n  equiva len t  af 336 kg 
hae1 hTK (as N ,  B205, and KzO) .  The V i r g i n i a  p ine  
s e e d l i n g s  were hand p lan ted  i n  Apr i l  1979 Pn a 
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s p l i t  p l o t  des ign  wi th  t h r e e  r e p l i c a t e  blocks.  
Each block c o n s i s t e d  of four  p l o t s  of 50 
s e e d l i n g s  each p lan ted  i n  f i v e  rows of 20 
s e e d l i n g s  each wi th  a  spac ing  w i t h i n  and between 
rows of approximately 1.25 at and a  spacing be- 
tween p l o t s  of approxintately 6 m. The mycorrhizal  
t r e a t n e n t s  of t he  V i r g i n i a  p ine  c o n s i s t e d  of t h e  
GA 100, ABB 100, ABB 200, and c o n t r o l  s e e d l i n g s ,  
and each of t h e  f o u r  mycorrhizal  t rea tments  was 
r e p r e s e n t e d  i n  i n d i v i d u a l  p l o t s  w i t h i n  each 
block. Each p l o t  was then d iv ided  i n t o  two 
s u b p l o t s ,  one of which was f e r t i l i z e d  a t  t h e  r a t e  
of 336 kg has1 NPK by t h e  method descr ibed  above 
f o r  t h e  l o b l o l l y  pine._f)l The s h o r t l e a f  p ine  
s e e d l i n g s  were p lan ted  i n  May 1979 i n  a  s p l i t  
p l o t  d e s i g n  i d e n t i c a l  t o  t h a t  of t h e  V i r g i n i a  
p i n e  excep t  t h a t  t h e r e  were on ly  two r e p l i c a t e  
b locks ,  t h e  mycorrhizal  t rea tments  c o n s i s t e d  only 
of t h e  GA 100 and c o n t r o l  s e e d l i n g s ,  and t h e  f e r -  
t i l i t y  t rea tments  were n o t  i n i t i a t e d  u n t i l  t h e  
s t a r t  of t h e  t h i r d  growing season. The r a t e  and 
method of f e r t i l i z a t i o n  and t h e  c o l l e c t i o n  and 
a n a l y s e s  of t h e  s o i l  s a m p l e s g /  f o r  t h e  s h o r t l e a f  
p i n e  were t h e  same a s  those  descr ibed  above f o r  
t h e  V i r g i n i a  pine. S u r v i v a l ,  h e i g h t ,  and roo t  
c o l l a r  d iameter  measurements were made annua l ly  
through t h e  s i x t h  year  f o r  t h e  l o b f o l l y  p ine  and 
through t h e  f i f t h  year  f o r  t h e  V i r g i n i a  and 
s h o r t l e a f  p ine*  The p l o t  volume index of Marx e t  
a l .  (1977),  which i n c o r p o r a t e s  both s u r v i v a l  and 
growth, was employed a s  an  i n d i c a t o r  of o v e r a l l  
s e e d l i n g  performance i n  response t o  each com- 
b i n a t i o n  of t rea tments .  This  index i s  def ined  a s  
t h e  h e i g h t  (em) x ( r o o t  c o l l a r  diameter  [ ~ m ] ) ~  x 
number of s u r v i v i n g  s e e d l i n g s  p e r  p l o t  ( f o r  
l o b l o l l y  p ine)  o r  per  subplo t  ( f o r  V i r g i n i a  and 
s h o r t l e a f  p ine) .  Analyses of var iance  were done 
on a l l  d a t a  and t h e  d i f f e r e n c e s  among means were 
e v a l u a t e d  wi th  Duncan's New Mul t ip le  Range Tes t .  

RESULTS 

The examinat ions of t h e  s e e d l i n g  r o o t  
systems a t  l i f t i n g  from t h e  nursery  bed revea led  
t h a t  ectomycorrhizae formed by fLL t i n c t o r i u s  were 
a t  l e a s t  moderately abundant on t h e  GA 100 
s e e d l i n g s  of t h e  l o b l o l l y ,  V i r g i n i a ,  and 
s h o r t l e a f  p ine  and on t h e  ABB 200 s e e d l i n g s  of 
t h e  V i r g i n i a  pine. Thelephora t e r r e s t r i s  (Ehrh.) 
F r *  appeared t o  be t h e  predominant n a t u r a l l y  
o c c u r r i n g  ectomycorrhizal  s ~ b i o n t  on t h e  r o o t s  
of t h e  i n o c u l a t e d  and c o n t r o l  s e e d l i n g s  of a l l  
t h r e e  s p e c i e s *  The GA 100 l o b l o l l y  p ine  
s e e d l i n g s  had 15% of t h e i r  f e e d e r  r o o t s  i n f e c t e d  
w i t h  t i n c t o r i u s  and 17% i n f e c t e d  wi th  
n a t u r a l l y  occur r ing  ec tomycor rh iza l  fungi .  
Ninety percen t  of t h e  GA 100 l o b l o l l y  p ine  
s e e d l i n g s  examined were i n f e c t e d  wi th  P. t i n c -  
t o r i u s .  The f o b l o l l y  p i n e  c o n t r o l  s e e d l i n g s  had 
352 of t h e i r  f e e d e r  r o o t s  i n f e c t e d  wi th  n a t u r a l l y  
o c c u r r i n g  ectoraycorrhizal  s p b i o n t s ,  and none of 
t h o s e  exarnined were i n f e c t e d  wi th  t i n e t o r i u s ,  
Twenty percen t  and 22X, r e s p e c t i v e l y ,  of t h e  
f e e d e r  r o o t s  of t h e  GA 100 and ABB 200 V i r g i n i a  

p i n e  s e e d l i n g s  were i n f e c t e d  wi th  ~ t i n c t o r i u s ,  
and LOOX of t h e  s e e d l i n g s  examined of these  two 
t r e a t m e n t s  were i n f e c t e d  wi th  t h i s  s p b i o n t .  
Five percen t  of t h e  f e e d e r  r o o t s  of t h e s e  two 
t r e a t m e n t s  m r e  i n f e c t e d  wi th  n a t u r a l l y  o c c u r r i n g  
s p b i o n t s .  The ABB 100 V i r g i n i a  pine s e e d l i n g s  
had on ly  52 of t h e i r  f e e d e r  r o o t s  i n f e c t e d  wi th  
P. t i n c t o r i u s  and 12% i n f e c t e d  wi th  o ther  s p -  - 
b i o n t s ,  and on ly  50% of t h e  s e e d l i n g s  examined 
were i n f e c t e d  wi th  t i a c t o r i u s .  Twenty percen t  
of t h e  f e e d e r  r o o t s  of t h e  V i r g i n i a  pine c o n t r o l  
s e e d l i n g s  were i n f e c t e d  wi th  n a t u r a l l y  occur r ing  
s p b i o n t s ,  and none of t h e  s e e d l i n g s  examined of 
t h i s  t rea tment  were i n f e c t e d  wi th  P, t i n c t o r i u s .  
For ty- th ree  percen t  of t h e  f e e d e r  r o o t s  of t h e  GA 
P O 0  s h o r t l e a f  p ine  s e e d l i n g s  were i n f e c t e d  wi th  
P. t i n c t o r i u s  and 10% were i n f e e t e d  with o t h e r  - 
f u n g a l  s p b i o n t s .  A11 of t h e  GA 100 s e e d l i n g s  
examined of t h i s  s p e c i e s  were i n f e c t e d  wi th  P., 
t i n c t o r i u s .  None of t h e  s h o r t l e a f  pine c o n t r o l  
s e e d l i n g s  were i n f e c t e d  wi th  P, t i n c t o r i u s ,  bu t  
35% of t h e i r  f e e d e r  r o o t s  were i n f e c t e d  by o t h e r  
ec tomycor rh iza l  fungi .  

The a n a l y s e s  of t h e  s o i l  samples c o l l e c t e d  
a t  o u t p l a n t i n g  from t h e  p l o t s  of t h e  l o b l o l l y  
p i n e  s e e d l i n g s  revea led  t h a t  no s i g n i f i c a n t  d i f -  
f e r e n c e  e x i s t e d  f o r  any of t h e  parameters  t e s t e d  
between t h e  groups of p l o t s  of each combination 
of ec tomycor rh iza l  and f e r t i l i z a t i o n  t rea tment  
(P=0.05). The means f o r  a l l  of t h e  l o b l o l l y  p i n e  
p l o t s  were pH 6.0, 1049 ppni t o t a l  N, 12 ppm weak 
bray  P ,  and 120, 340, 136, and 12 ppm of K,  Fe, 
M a ,  and Al, r e s p e c t i v e l y .  The ana lyses  of t h e  
s o i l  samples c o l l e c t e d  a t  o u t p l a n t i n g  from t h e  
s u b p l o t s  of t h e  V i r g i n i a  pine s e e d l i n g s  revea led  
t h a t  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  a t  P=0.05 
i n  pH, t o t a l  N, weak bray P ,  K, Mn, o r  A 1  between 
t h e  groups of s u b p l o t s  of each combination of 
t r e a t m e n t s ,  bu t  t h a t  t h e  s u b p l o t s  of t h e  nonfer- 
t i l i z e d  GA 100 s e e d l i n g s  had a s i g n i f i c a n t l y  
h i g h e r  c o n c e n t r a t i o n  of Fe than  t h e  s u b p l o t s  of 
t h e  n o n f e r t i l i z e d  c o n t r o l  s e e d l i n g s .  The groups 
of s u b p l o t s  of t h e  o t h e r  t rea tment  combinations 
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from e i t h e r  of t h e s e  
i n  t h e  c o n c e n t r a t i o n  of Fe. The means f o r  a l l  of 
t h e  V i r g i n i a  p ine  s u b p l o t s  were pH 5.3, 1265 ppm 
t o t a l  N, 10 ppm weak bray P, and 119, 230, 99, 
and 92 ppm of K, Fe, En, and Al, r e s p e c t i v e l y .  
The a n a l y s e s  of t h e  s o i l  samples c o l l e c t e d  a t  
o u t p l a n t i n g  from t h e  s u b p l o t s  of t h e  s h o r t l e a f  
p i n e  s e e d l i n g s  revea led  t h a t  no s i g n i f i c a n t  d i f -  
f e r e n c e s  e x i s t e d  a t  P=0.05 f o r  any of t h e  parame- 
t e r s  t e s t e d  between t h e  groups of s u b p l o t s  of 
each combination of t r e a t m e n t s -  The means f o r  
a l l  of t h e  s h o r t l e a f  p ine  s u b p l o t s  were pH 5.0, 
1228 ppm t o t a l  N, 6 ppm weak bray P, and 105, 89, 
4 4 ,  and 144 ppm of 8, Fe, Mn, and Al, respec- 
t i v e l y .  The v a r i a b i l i t y  i n h e r e n t  i n  t h e  chemical  
p r o p e r i t e s  of mineso i l s  i n  t h e  sou thern  
Appalachian reg ion  was much i n  evidence on t h i s  
s i t e .  O v e r a l l ,  however, t h i s  mine s i t e  was typ i -  
c a l  of those  found i n  t h i s  reg ion  i n  t h a t  i t  was 
d e f i c i e n t  i n  P and t h e  l e v e l s  of Fe and Mn were 
h i g h  (Cumakns e t  a l e  1965) With t h e  excep t ion  
of  t h e  p o r t i o n  of t h e  s i t e  on which t h e  l o b l o l l y  
p i n e s  were p lan ted ,  t h e  l e v e l  of A1 was a l s o  



Table l. The s u r v i v a l  and growth of l o b l o l l y  p i n e  wi th  and without  P i s o l i t h u s  
t i n c t o r i u s  ectomycorrhizae and wi th  and wi thout  f e r t i l i z a t i o n  a f t e r  s i x  years on a 
reclaimed s u r f a c e  mine i n  Tennessee . l /  

Treatment 

H o r t a l i t y :  
Two Years Root Plot 
Following Csllar Volume 

Surv iva l  F e r r i L i z a t i c n  Height giiiaceter Index 
( X >  Treatment (%) (cm) (mm> (cn3j 

GA 100 
F e r t i l i z e d  53b 

GA 100 
N o n f e r t i l i z e d  76a 

Control  
F e r t i l i z e d  27c 

Control  
N o n f e r t i l i z e d  62b 

I/ Within a column, means wi th  a common l e t t e r  do noc d i f f e r  s i g n i f i c a n t l y  a t  
P=O . 1, 

2 1  Dif fe rence  i n  grouping between i d e n t i c a l  means due t o  rounding. - 

t y p i c a l l y  high. It was a t y p i c a l  i n  t h a t  t h e  volume index of t h e  t r e e s  wi th  t h e s e  mycorrhlzae 
l e v e l  oE N was adequate f o r  most of t h e  p l a n t  was more than 250% greater than  t h a t  of t he  
s p e c i e s  commonly used i n  t h e  r e v e g e t a t i o n  of c o n t r o l  t r e e s .  The exceedingly low plot volume 
t h e s e  s i t e s l  index  of t h e  f e r t i l i z e d  c o n t r o l  trees was p r i -  

m a r i l y  t h e  r e s u l t  of their poor s u r v i v a l .  
T h e  s u r v i v a l  of l o b l o l l y  p ine  was s i g n i f i -  

c a n t l y  a f f e c t e d  a f t e r  s i x  y e a r s  by t h e  i n f e c t i o n  The s u r v i v a l  of V i r g i n i a  p i n e  was not  sig- 
with  t i n c t o r i u s  and by f e r t i l i z a t i o n  (Table n i f i c a n t l y  a f f e c t e d  by an i n f e c t i o n  w i t h  P *  t ine- 
I) .  P .  t i n c t o r i u s  ectomycorrhizae promoted -- t o r i u s  a f t e r  f i v e  years ,  but f e r t i l i z a t i o n  a t  
e n h a n z d  s u r v i v a l  of t h e  GA 100 t r e e s ,  but  f e r -  o u t p l a n t i n g  s i g n i f i c a n t l y  reduced s u r v i v a l  within 
t i l i z a t j i o n  a t  o u t p l a n t i n g  reduced s u r v i v a l  
i r r e s p e c t i v e  of t h e  mycor rh iza l  t rea tment .  The 
i n t e r a c e i o n  of t h e  two t rea tments  r e s u l t e d  i n  
some m o d e r a t i o n  of t h e i r  oppos i te  e f f e c t s ,  bu t  
t h e  p o s i t i v e  r e s u l t  of t h e  P, t i n c t o r i u s  in fec-  
t i o n  o n l y  p a r t i a l l y  compensated f o r  t h e  n e g a t i v e  
r e s u l t  of f e r t i l i z a t i o n .  The reduc t ion  i n  sur- 
v i v a l  a s s o c i a t e d  wi th  f e r t i l i z a t i o n  was most 
d r a s t i c  among t h e  c o n t r o l  t r e e s ,  but  w i t h i n  both 
m y c o r r h i z a l  t r e a t m e n t s ,  t h e  m o r t a l i t y  of f e r -  
t i l i z e d  t r e e s  dur ing  t h e  f i r s t  two y e a r s  was 
s i g n i f i c a n t l y  h igher  than  t h a t  of n o n f e r t i l i z e d  
t r e e s  a n d  a d i s p r o p o r t i o n a t e  amount of t h e  mop- 
t a l i t y  o f  t h e  f e r t i l i z e d  t r e e s  over t h e  s i x  years  
of measatrement occurred dur ing  t h e  f i r s t  two 
y e a r s .  The i n f e c t i o n  by k t i n c t o r i u s  a l s o  
s i g n i f i c a n t l y  i n c r e a s e d  t h e  growth in both h e i g h t  
and roo-ir c o f i a r  diameter  of t h e  l o b l o l l y  pine 
a f t e r  s l x  y e a r s ,  but t h e  e f f e c t  of t h i s  t rea tment  
on g r o w t h  was not  a s  dramatic  a s  i t s  e f f e c t  on 
s u r v i v a l .  The e f f e c t  of f e r t i l i z a t i o n  on t h e  
growth of t h i s  s p e c i e s  was l a r g e l y  n e g l i g i b l e ,  
The o v e r a l l  s u p e r i o r  p e r f o m a n c e  of t h e  t r e e s  
w i t h  t2ncto;ius ectomycorrhizae was most 
a p p a r e n t  when s u r v i v a l  and growth were i n t e g r a t e d  
i n t o  pL o t  volume index f o r  each of t h e  com- 
b i n a t i o n s  of t r e a t m e n t s *  A s  a whole, t h e  p l o t  

every  mycorrhizal  t rea tment  except  f o r  the 
c o n t r o l  t r e e s  (Table 2 ) .  Within t h e  c o n t r o l  
t r e a t m e n t ,  t h e  t r e n d  of reduced s u r v i v a l  asso-  
c i a t e d  wi th  f e r t i l i z a t i o n  noted f o r  the  o t h e r  
mycor rh iza l  t rea tments  was m i n t a i n e d ,  but the 
d i f f e r e n c e  between f e r t i l i z e d  and n o n f e r t i l i z e d  
t r e e s  was not s Jga iEiean t .  M o r t a l i t y  d u r i n g  the 
f i r s t  two y e a r s  was s i g n i f i c a n t l y  h i g h e r  for  fer- 
t i l i z e d  than  f o r  n o n f e r t i i h z e d  t r e e s  w i t h i n  all 
b u t  one of t h e  nycorrhizal t r e a t a e n t s ,  t h e  excep- 
t i o n  a g a i n  being the c o n t r o l  treatment, but here 
a l s o  t h e  p r e v a i l i n g  trend was e v i d e n t ,  Any 
e f f e c t  of e i t h e r  t h e  mycorrhizal o r  fertilization 
t r e a t m e n t s  on t h e  h e i g h t ,  root collar diameter, 
o r  p l o t  volume index of Virginia p i c e  was 
n o n s i g n i f i c a n t  a f t e r  f i v e  years,  and con discer- 
nible t r e n d  e x i s t e d  i n  the variation among t r e a t -  
ment combinations of any of these parameters. 

The s u r v i v a l  of sho r t l e a f  pine was a l s o  not  
s i g n i f i c a n t l y  a f f e c t e d  by an infection w i t h  PI 
t i n c t o r i u s ,  but f e r t i l i z a t i o n  dur ing  t h e  t h i r d  
y e a r  s i g n i f i c a n t l y  reduced t h e  s u r v i v a l  of th$s 
s p e c i e s  a f t e r  f i v e  years  (Table 3 ) .  Withtn both 
%he @A 108 and con t ro l  mycsrrhizal t r e a t m e n t s ,  
m o r t a l i t y  dur ing  the two years following fer- 
t i l i z a t i o n  n s  s i g n i f i c a n t l y  hfgher in fertilized 



Table 2 ,  The survival and growth of fertilized and nonfertilized Virginia pine with 
Pisolithus tinctorius ecton;ycorrhizae from three inoculum formulations and 
fertilized and nonfertilized control Virginia pine after five years on a reclaimed 
surface mine in Tennessee.&/ 

Hortality: 
Two Years Root PLo t 
Following Collar Volume 

Survival Fertilization Eeigkt Diameter Index 
Treatment (x> Treatment (%) (cm> (nun) (em3 

GA 100 
Fertilized 

GA 100 
Nonfertilized 

ABB 100 
Fertilized 

ABB 100 
Nonfertilized 

ABB 200 
Fertilized 

ABB 200 
Nonfertilized 

Control 
Fertilized 

Control 
Nonfertilized 

I/ Within a column, means with a common letter do not differ significantly at 
P=O. l'r 

than in nonfertilized trees, although the appli- 
cation of fertilizer to the shortleaf pine at the 
onset of the third growing season did not result 
in the drastic mortality during the ensuing two 
years exhibited by the loblolly pine, and to a 
lesser extent the Virginia pine, in response to 
an identical application at outplanting. Neither 
the mycorrhizal nor the fertilization treatments 
had a significant effect on the height or root 
collar diameters of the GA 100 trees were margi- 
nally larger than those of the control trees. 
Overall, the plot volume index of the GA 100 
trees was almost 80% greater than that of the 
control trees, but the differences in plot volume 
index between treatment combinations were non- 
significant. 

DISCUSSION 

It can be concluded that P, tinctorius ecto- 
mycorrhizae significantly improved the survival 
and growth of loblolly pine after six years on 
this site. It is probable that the deficient 

level of P and the elevated levels of Fe and Hn 
in this minesoil rendered these mycorrhizae par- 
ticularly important to this host, as an infection 
by P,tinctorfus has been shown to enhance the 
performance of pine seedlings on sites having 
deficiencies of essential nutrients andfor ele- 
vated levels of potentially toxic metallic ions 
(Berry 1982, Marx and Artman 1979). It is also 
possible that the increased capability for the 
absorption of water and nutrients afforded 
loblolly pine by the 5 tinctorius ectomycorrhi- 
zae was of added importance in this study due to 
competition with the ground cover species planted 
on the site. The desirability of revegetating 
surface mines simultaneously with both ground 
cover and woody species is obvious, but the 
resulting competition for light, water, and 
nutrients is often intense. The presence of P, 
tinctorius ectomycorrhizae on the roots of the 
Virginia pine had essentially no effect on the 
performance of this host species after five 
years. It is possible that this site was not 
inadequate for the growth of Virginia pine, a 
species noted for its hardiness on poor sites, to 



Table 3. The s u r v i v a l  and growth of s h o r t l e a f  p ine  wi th  and without  P i s o i i t h u s  
t i n c t o r i u s  ectomycorrhizae and wi th  and without  f e r t i l i z a t i o n  a f t e r  f i v e  yea r s  on a 
reclaimed s u r f a c e  mine i n  ~ e n n e s s e e . l /  

Mor ta l i ty :  
Two Years Root P l o t  
Following Co l l a r  Volume 

Surv iva l  F e r t i l i z a t i o n  Height Diameter Index 
Treatment (2) Treatment (%) (em> fm> (em3) 

GA 100 
F e r t i l i z e d  40b 

GA 100 
Nonfe r t i l i z ed  723 

Control  
F e r t i l i z e d  

Control  
Nonfe r t i l i z ed  5 6ab 

1/ Within a column, means wi th  a common l e t t e r  do no t  d i f f e r  s i g n i f i c a n t l y  a t  
P-0.1. 

t h e  e x t e n t  t h a t  t h e  p o t e n t i a l  advantage a f forded  
t h e  jlnoculated t r e e s  by fi t i n c t s r i u s  d id  not  
e x c e e d  t h a t  provided t h e  c o n t r o l  t r e e s  by o the r  
e c tomyco r rh i za l  symbionts. I n  a l l  p r o b a b i l i t y ,  a 
h i g h e r  i n i t i a l  l e v e l  of ectomycorrhizal  develop- 
ment by P. t i n c t o r i u s  on t h e  roo t s  of both t he  
i n o c u l a t e d  l o b l o l l y  and V i rg in i a  pine would have 
r e s u L t e d  i n  a more s u b s t a n t i a l  improvement i n  
t h e i r  growth a f t e r  ou tp l an t i ng ,  a s  t h e  i n i t i a l  
l e v e l  of i n f e c t i o n  of both spec i e s  by t h i s  sym- 
b i o n t  could only be considered moderate. The 
i n f e c t i o n  of s h o r t l e a f  p ine  by P, t i n c t o r i u s  
r e s u l t e d  i n  marginal ,  a l though u sua l l y  non- 
s i g n i f i c a n t ,  improvement i n  t h e  performance of 
t h i s  spec i e s  a f t e r  f i v e  yea r s ,  but  inadequate 
r e p l i c a t i o n  n e c e s s i t a t e d  t h a t  d i f f e r e n c e s  between 
t r e a t m e n t s  be exceedingly l a r g e  t o  be s i g n i f i -  
c a n t -  Throughout t h i s  s tudy ,  t h e  presence of 
numerous P, t i n c t o r i u s  bas id iocarps  a s soc i a t ed  
w i th  t h e  inocula ted  t r e e s  of a l l  t h r e e  spec i e s  
p r o v i d e d  evidence t h a t  t h i s  mycorrhizal  re la -  
t i o n s h i p  remained vigorous.  The l a ck  of any 
o b s e r v e d  a s s o c i a t i o n  of t he se  bas id iocarps  with 
t h e  c o n t r o l  t r e e s  of any of t he  t h r e e  spec i e s  
i n d i c a t e d  t h a t  t he  i n t e g r i t y  of t he  c o n t r o l  
rnycor rh iza l  t rea tments  remained l a r g e l y  i n t a c t .  

F e r t i l i z a t i o n  by broadcas t ing  a t  t h e  r a t e  
employed i n  t h i s  s tudy  was de t r imen t a l  t o  t he  
s u r v i v a l  of t he  l o b l o l l y ,  V i rg in i a ,  and sho r t l e a f  
pine.  The P, t i n c t o r i u s  ectomycorrhizae par- 
t i a l l y  o f f s e t  t h i s  e f f e c t  i n  t he  l o b l o l l y  pine 
bu t  n o t  i n  t h e  o t h e r  two species.. Delaying fe r -  
t i l i z a t i o n  u n t i l  t h e  s t a r t  of t he  t h i r d  growing 
s e a s o n  r e su l t ed  i n  a moderation of t h i s  e f f e c t  i n  
t h e  s h o r t l e a f  pine,  but t h e r e  was s t i l l  a s ign i -  
f i c an t :  i nc r ea se  i n  t h e  m o r t a l i t y  of t h e  sho r t l e a f  
p ine  a s s o c i a t e d  wi th  t h i s  t reatment .  The e f f e c t  

of f e r t i l i z a t i o n  on t h e  growth of a l l  t h r e e  spe- 
c i e s  was e s s e n t i a l l y  neg l i g ib l e .  Czapswskyj 
(1873) has a l s o  noted t h a t  t he  f e r t i l i z a t i o n  of 
f o r e s t  t r e e s  on surface-mined lands  was no t  
e n t i r e l y  f r e e  from t h e  r i s k  of reducing s u r v i v a l ,  
bu t  t h e  broadcast  app l i c a t i on  of f e r t i l i z e r  a t  
moderate t o  high r a t e s  a t  ou tp l an t i ng ,  t h e  method 
most commonly employed i n  t h e  southern  
Appalachian coa l  f i e l d s ,  may prove t o  be among 
t h e  l e a s t  d e s i r a b l e  of t h e  op t ions  a v a i l a b l e  when 
t h e  p l an t i ng  of t r e e s  i s  accompanied by t h e  
es tab l i shment  of a vege t a t i ve  ground cover. I n  

t h i s  s tudy ,  broadcast  f e r t i l i z a t i o n  only  se rved  
t o  s t i m u l a t e  t h e  growth of t h e  ground cover  spe- 
c i e s ,  undoubtedly r e s u l t i n g  i n  i n t e n s e  com- 
p e t i t i o n  f o r  l i g h t ,  water ,  and n u t r i e n t s .  During 
t h e  two years  fol lowing t h e  f e r t i l i z a t i o n  of each 
of t h e  t h r e e  spec i e s ,  t he  ground cover  spec i e s  
o f t e n  overtopped t he  pine seed l ings .  Jorgensen 
(1981) has noted t h a t  s e r i c e a  lespedeza competes 
v igorous ly  wi th  planted t r e e s  i f  c o n t r o l  is not  
exe r c i s ed  on t h e  dens i t y  of t h e  s e r i c e a  s t and ,  
and t h i s  ground cover spec i e s  appeared t o  be t h e  
primary c u l p r i t  i n  a competition-induced i n c r e a s e  
i n  m o r t a l i t y  of t he  f e r t i l i z e d  t r e e s  of a l l  t h r e e  
s p e c i e s  i n  t h i s  s tudy.  It is a l s o  probable t h a t  
f e r t i l i z a t i o n  a t  ou tp lan t ing  of t he  l o b l o l l y  and 
V i r g i n i a  p ine  s t imula ted  excess ive  shoot  growth 
dur ing  t h e  f i r s t  growing season which t h e  roo t  
system was incapable of suppor t ing  dur ing  t h e  dry 
pe r i ods  of l a t e  summer and f a l l ,  It i s  l i k e l y  
t h a t  any imbalance i n  t he  shoot / roo t  r a t i o  of 
t h e s e  s eed l i ngs  cont r ibu ted  t o  an i n t e r n a l  water  
d e f i c i t  which was accentuated by t h e  compet i t ion  
w i th  t h e  ground cover spec ies .  It is  apparen t  
t h a t  f u r t h e r  research  i s  warranted wi th  r e spec t  
t o  t h e  r a t e ,  t iming,  and method of f e r t i l i z a t i o n  
employed on surface-mined s i t e s  when t h e  



establishment of both a ground cover and a tree 
crop is desired. 
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DRY WIGHT AND ELEXEP;T COKTENT OF THE PP4E7BWOOD CO;"TPOEERT7SF 
YAWRE; LOBLOLLU PIKE FORESTS I K  XORTii L O U L S Z X Y ~  

2 i B. Graeme Lockaby and John C, Adam- 

Abs t rac t .  Dry weight  and n u t r i e n t  c o n t e n t  of 
unders to ry  hardwoods were es t imated  i n  mature l o b l o l l y  p i n e  
s t a n d s  i n  n o r t h  c e n t r a l  Louisiana.  T o t a l  unders to ry  dry 
weight  was 23.8 t / a c r e  wi th  4 ,  19 ,  and 77% of t h i s  inriterial 
d i s t r i b u t e d  among t h e  f o l i a g e ,  branches,  and stems 
r e s p e c t i v e l y .  N, P, K, Ca, and Mg c o n t e n t s  of 104.6, 9 .1,  
60.7, 158.8, and 27.1 l b / a c r e  were con ta ined  i n  t h e  under- 
s t o r y  hardwoods. I n  r e l a t i o n  t o  t h e  s m a l l  amount of crown 
( f o l i a g e  and branches)  biomass, l a r g e  p r o p o r t i o n s  of a l l  
n u t r i e n t s  were contained i n  t h e  crowns, These r e s u l t s  a r e  
d i scussed  i n  terms of  t h e  r e l a t i v e l y  l a r g e  n u t r i e n t  removal 
t h a t  would occur  f o r  t h e  smal l  g a i n  i n  low q u a l i t y  biomass 
ob ta ined  by h a r v e s t i n g  t h e  crowns. 

INTRODUCTION 

The i n c r e a s i n g  c o s t  of t r a d i t i o n a l  s o u r c e s  
of e n e r g y  over t h e  l a s t  decade has fo rced  many 
consumers t o  adap t  t o  new energy sources  and 
t e c h n o l o g i e s .  Many f o r e s t  i n d u s t r i e s  have 
ac/s?ted the  a p p l i c a t i o n  of a  new technology t o  
an  o l d  e n e r g y  source--wood. 

In c e r t a i n  a r e a s  of t h e  United S t a t e s  
f o r e s t  i n d u s t r i e s  r e l y  t o  vary ing  degrees on 
t h e  u t i l i z a t i o n  of non-commercial timber f o r  
f u e l .  T h i s  fuelwood of t e n  c o n s i s t s  of t r e e s  of 
u n d e s i r a b l e  s p e c i e s  and poor form and/or  
r e s i d u e s  l e f t  from t h e  logging  of commercial 
s p e c i e s  . Hardwood u n d e r s t o r i e s  i n  s o u t h e r n  p i n e  
s t a n d s  o f t e n  f a l l  i n t o  t h e  f o r n e r  ca tegory .  

T h e r e  a r e  s e v e r a l  advantages a s s o c i a t e d  
w i t h  t he  rernoval of t h e s e  unders to ry  har.'waods -in 
t h e  s o u  t h e r n  U. S. F i r s t ,  c o r ~ s i d e r a b l e  biomass 
(and t h e r e f o r e ,  c o n s i d e r a b l e  energy)  af t e n  is  
found i - n  t h i s  s t r a t a  (Anonymous, 1983, Ku and 
Baker, 1980).  Second, the  removal of t h e s e  t r e e s  
mj7 fac ili t a t e  marking and hasves t i n g  o p e r a t i o n s  
of c o m e r c i a 1  s p e c i e s  (Cochran, 1984). And, 
t h i r d ,  t h e  removal of t h i s  material.  can reduce 
s i te  p r e p a r a t i o n  a c t i v i t i e s  (Kcfinn, 1983). 

Ili - 
P a p e r  p resen ted  a t  Third B i e n n i a l  

S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  Gh, 
R'ovember 7-8, 1984 ,  

However, i n  comparison w i t h  t h e  major 
commercial s p e c i e s ,  l e s s  r e s e a r c h  a t t e n t i o n  h a s  
been devoted t o  n u t r i e n t  and biomass a c c u m l a t i o n  
i n  t h e  unders to ry ,  Knowledge of n u t r i e n t  
accumulat ion i s  necessary  f o r  t h e  p roper  
assessment of n u t r i e n t  d r a i n  i n  r e l a t i o n  t o  s o i l  
f e r t i l i t y .  Information regard ing  biomass i s  
e s s e n t i a l  t o  determine t h e  f e a s i b i l i t y  of 
h a r v e s t i n g  t h i s  m a t e r i a l .  

The oh j e c t i v e s  of t h i s  s t u d y ,  there -  
fore*, were t o  p rov ide  in format ion  on bo th  
n u t r i t i o n  and biomass of t h e  hardwood under- 
s t o r i e s  of mature l o b l o l l y  p i n e  (Pinus t a e d a )  
s t a n d s  on s i t e s  of average q u a l i t y  i n  North 
Louisiana.  

Three s t u d y  a r e a s  i n  n c r t h  Louisiana 
were s e l e c t e d  and sampled t o  e s t i m a t e  t h e  
biomass and n u t r i e n t  c o n t e n t  of t h e  unders to ry .  
These a r e a s  were l o c a t e d  w i t h i n  the  H i l l y  C o a s t a l  
P l a i n  physiographic province (Evans e t  al. 1983) 
I n  Jackson,  L inco ln ,  and Webster P a r i s h e s  and 
were s e l e c t e d  a s  average q u a l i t y  r o r t h  Louis iana  
Loblol ly p i n e  sites 40-50 p e a r s  o l d .  The 
Jackson P a r i s h  s i t e  had been under low i n t e n s i t y  
f o r e s t  mnageillent w h i l e  t h e  o t h e r  two s i t e s  
had rece ived  no formal  f o r e s t  nanagement. % e r e  
was no i n d i c a t i o n  t h a t  f i r e  had been used f o r  
unders to ry  c o n t r o l  on any of t h e  s tudy  a r e a s .  

Z i  The s o i l s  of t h e  s tudy  a r e a s  were t h e  
B. Graeme Lockaby and J, C ,  Adam, are re -  K e i t h v i l b e  (Glossaquic P a l e u d a l f ) ,  ~ o w i e ( ~ r a g i c  

s p e c t i v e l y  A s s i s t .  G hssoc.  Professor a t  t b s  School P a l e u d u l t ) ,  Lucy (Arenic ~ a l e u d u l t ) ,  and 
of F o r e s t r y ,  LA Tech Univ., Ruston, LA 71272. 



F r i z z e l  s e r i e s  (Glossaquic Hapluda l f ) .  S i t e  index  
f o r  l o b l o l l y  p i n e  a t  50 y e a r s  was a p p r o x i m t e f y  
80-90 on a 1 1  sites. 

At each s tudy  a r e a  12  p l o t s  of approxi- 
m t e l y  LO f o o t  r a d i u s  were s y s t e m t i c a l f y  
e s t a b l i s h e d  f o r  a t o t a l  o f  36 p l o t s .  P l o t  c e n t e r s  
were 2 c h a i n s  a p a r t  s o  t h a t  approxini t te ly 8.5 
a c r e s  were sanrpled a t  each a r e a .  

ALL 2-10 inch  DBE unders to ry  hardwoods 
were c u t  and s e p a r a t e d  i n t o  3 conrponents: f o l i a g e ,  
s tems,  and branches.  A t o t a l  of 170 stem re-  
p r e s e n t i n g  17 s p e c i e s  were sampled over  t h e  t h r e e  
s tudy  a r e a s .  

Green weights  of each component f o r  
i n d i v i d u a l  t r e e s  were ob ta ined  i n  t h e  f i e l d .  
Component m a t e r i a l s  were composited by s p e c i e s  
and two samples were taken  f o r  each s p e c i e s  
component from every p l o t .  One composite sample 
from each s p e c i e s  component was used f o r  mois tu re  
de te rmina t ions  a t  70°c. The r e m i n i n g  sample was 
d r i e d  a t  t h e  same temperature,  ground t o  pass  a 
10 mm mesh s i e v e ,  and ana lyzed  f o r  N,  P, K, Ca, 
and Ng*. Nitrogen was determined us ing  semi-micro 
Kje ldah l ,  P was analyzed calorimetrically, and 
K, C a ,  and Mg were determined by atomic 
a b s o r p t i o n  spectroscopy from ashed samples t aken  
up i n  d i l u t e  HC1. 

RESULTS A&% DISCUSSION 

Approximte ly  4 ,  13 ,  and 77% of the 
hardwood b i o w s s  is  a s s o c i a t e d  w i t h  t h e  f o l i a g e ,  
branches,  and s t e m  r e s p e c t i v e l y .  These per- 
cen tages  a r e  s i m i l a r  t o  d a t a  r e p o r t e d  elsewhere 
( P h i l l i p s  and Van Lear ,  1984, Johnson and 
R i s e r ,  1984).  The r e l a t i v e l y  h igh  ( 2 3 % )  pro- 
p o r t i o n  of crown m a t e r i a l  is c h a r a c t e r i s t i c  of 
hardwoods which fol low a d e l i q u e s c e n t  p a t t e r n  of 
branching accord ing  t o  P h i l l i p s  and Van Lear (1984).  
This  probably r e f l e c t s  a m o d i f i c a t i o n  of t h e  
b ranching  p a t t e r n  of noriaally e x c u r r e n t  s p e c i e s  
such a s  sweetgum caused by t h e  adequate growing 
space  b u t  less thanoptimum l i g h t  condi t ions  
of t h e  unders to ry .  

The t o t a l  aboveground biomass of t h e  
unders to ry  hardwoods is n e a r l y  24 t / a c r e  (Table 1 ) .  
This  may be  compared t o  t h e  12.8 tf a c r e  r e p o r t e d  
by Ku and Baker (1980) i n  t h e  u n d e r s t o r i e s  o f  
mature p i n e  s t a n d s  i n  s o u t h e r n  Arkansas and 
n o r t h e r n  Louisiana.  Eowever, t h e s e  a u t h o r s  
sampled on ly  hardwoods < 5.5 inches  DBH and, there -  
f o r e ,  t h e i r  va lues  wouldbe  expected t o  be lower.  

Table 1. Average dry weight  and n u t r i e n t  c o n t e n t  of unders to ry  hardwoods a t  
t h r e e  l o c a t i o n s  i n  n o r t h  Louis iana  ( s tandard  e r r o r s  i n  paren theses ) .  

- 

COWONENT DRY WEIGHT N P K Ca %3 

tf Acre ---------------- lbfacre -------------- 

Fol iage  

Branches 

Stems 

T o t a l  above- 
ground 23.8 

(4.1) 

* 
Analyzed by t h e  Nor theas t  Ziniversi t y  

S o i l  and P l a n t  Tes t ing  Laboratory.  



Also, P h i l l i p s  and Van Lear (1984) have observed 
t h a t  approximately 1 2  t / a c r e  is a t y p i c a l  
amoun-9T. of biomass f o r  1-5 inch DBH understory t r e e s  
i n  hardwood s t ands .  

F r a n c i s  (1984), working i n  an  I1 yea r  
o l d  bot tomland hardwood s t and  i n  the  Southern 
H s s i - s s i p p i  Floodplain,  es t imated  s t and  dry 
w e i g h t  a t  18.8 t f a r e .  It i s  noteworthy t h a t  
t he  blomass of t he  unders t o r i e s  of mature p ine  
s t a n d s  exceeds t h a t  of F r anc i s f  s s tudy .  

Although 17 s p e c i e s  of deciduous t r e e s  
were encountered  on sampling p l o t s ,  nea r l y  3/4 
of t h e  understory biomass was a t t r i b u t a b l e  t o  
4 s p e c i e s  (Table 2) . Frequency of occurrence 
of t h e s e  spec i e s  was no t  d i r e c t l y  c o r r e l a t e d  w i th  
t h e  amount of biomass a s soc i a t ed  w i th  each 
s p e c i e s .  Red maple and southern  red oak rank 2 
and 3 r e spec t i ve ly  i n  terms of biomass b u t  rank 
3 and  4 r e spec t i ve ly  i n  frequency. Blackgum, 
wh i l e  ranking second i n  frequency, had l e s s  
b iomass  than any of t h e  o t h e r  3 spec i e s .  This  
p r o b a b l y  i n d i c a t e s  numerous small stems i n  t he  
c a s e s  of spec i e s  ranking h igh  i n  frequency b u t  
low in t o t a l  btomass. 

Nut r ien ts  

The hardwood understory contained 
approximately 105, 9 ,  61, 158, and 28 & / a c r e  of  
N ,  P, R, Ca, and Mg r e spec t i ve ly  (Table 1 ) .  A 
ranking of t he se  q u a n t i t i e s  r e s u l t s  i n  t h e  
fol lowing:  Ca > X > K > Mg > P.  This  o r d e r  is 
i d e n t i c a l  t o  t h a t  of Ku and Baker (1980) and very 
s i m i l a r  t o  t h a t  of Rochow (1975). 

The amounts of n u t r i e n t s  p resen ted  i n  
Table 1 may be compared with the  d a t a  of  Mu and 
Baker (1980). These au thors  r e p o r t t h a t 7 1 . 3 ,  
8 .7 ,  50.8, 109.6, and 11.7 l b l a c r e  of t h e  
r e spec t i ve  elements  were contained i n  t h e  1-5" DBH 
hardwood unde r s to r i e s  of t h e i r  s tudy.  

As would be expected,  q u a n t i t i e s  o f  
n u t r i e n t s  contained i n  hardwood biomass va ry  a 
g r e a t  d e a l  depending on such f a c t o r s  as t h e  s p e c i e s  
involved and i nhe ren t  s o i l  f e r t i l i t y .  This  is 
evidenced by t h e  n u t r i e n t  conten t  d a t a  of F r anc i s  
(1984) which a r e  h igher  than t h a t  of t h e  p r e s e n t  
s tudy  f o r  a l l  5 elements  except  Mg. F r anc i s  
es t imated  t h a t  176, 22, 115, 240, and 23 l b / a c r e  of  
N, P ,  K, Ca, and Mg were contained i n  25X l e s s  
biomass than  t he  23.8 t / a c r e  of the  p r e s e n t  s tudy .  

Table 2. Average dry weight and n u t r i e n t  conten t  of f ou r  most common understory 
hardwood spec i e s  a t  t h r ee  l oca t i ons  i n  nor th  Louisiana ( s tandard  e r r o r s  
i n  paren theses) .  

FREQUENCrV OF DRY 
OCCURRENCE SPECIES WEIGHT N P K Ca Mg 

Liquidambar 10.4 38.6 3.7 28.7 62.0 16.6 
s t y r a c i f l u a  (2-5)  (10.1) (1.3) (9.1) (14.1) (5.4) 

(Swee tgum) 

2 Nyssa s y l v a t i c a  1 . 3  7.4 0 .7  3.8 5.9 2.2 
(Blackgum) (0.41 (1.9) (0.4) (1.2) (5.8) (0.8) 

3 Acer rubrum 3.9 24.4 1.9 12.2 18.8 4.7 -- 
(Red Maple) (2 .o) (12.4) (1.0) (5.9) (11.6) (2.4) 

4 Quer cus 
f a l c a  t a  1 .5  19.9 0 .3  5.8 11.5 1 .0  

( S .  red  oak) ( 0  8) (14.91 (0.0) (3.0) (6.8) (0.5) 



This  is  probably due t o  s p e c i e s  d i f f e r e n c e s  
between t h e  two s t u d i e s  as w e l l  as t h e  generally 
high f e r t i l i t y  of t h e  f r l i s s i s s ipp i  a l luvium of 
Franc is  ' s study a r e a .  

Component element con ten t  decreases  i n  
the o r d e r  s tem > branches > f o l i a g e  f o r  a l l  5 
e l e x e n t s  (Table I ) .  'This ranking is caused by 
t h e  biomass d i f f e r e n c e s  between these  c o q o n e n t s  
( i  .e. biomass a l s o  d e c r e a s e s  i n  the o r d e r  stein 
> branches > f o l i a g e ) .  The o r d e r  of component 
element c o n t e n t  is  i d e n t i c a l  t o  that of 
Johnson e t  al. (1982) f o r  N, P, and Ca. Johnson 
d id  no t  r e p o r t d a t a f o r M g  and the  o r d e r  of ranking 
f o r  K was s l i g h t l y  d i f f e r e n t .  

Ils is  g e n e r a l l y  rhe case, the  u j o r i t y  o f  
a l l  5 elements  is  t o  be found i n  the  stem when 
compared t o  t h e  crown (Table 3 ) ,  B is  somewhat 
of a n  excep t ion  s i n c e  i ts  c o n t e n t  appears  t o  
be evenly s p l i t  between t h e  crown and stem. 

Table 3. Percentage of biomass and 5 elements 
con ta ined  i n  crowns ( f o l i a g e  and 
branches)  v s  . stems f o r  unders to ry  
hardwoods. 

Component Biomass N P R C a  Xg 

Crown 23 50 33 44 19 39 

Stem 7 7 50 67 56 61  61  

The propor t ions  of a l l  5 elements  i n  the. 
crown m a t e r i a l  a r e  h i g h e r  than  t h e  crown pro- 
p o r t i o n  of biomass (Table 3). I n  c o n t r a s t  s tem 
percen tages  o f  every element a r e  lower than the  
stern percen tage  of b i o m s s .  This i n d i c a t e s  t h a t  
f o r  a r e l a t i v e l y  smll i n c r e a s e  i n  biomass 
gained by h a r v e s t i n g  t h e  crowns, l a r g e  i n c r e a s e s  
would occur  i n  amounts of n u t r i e n t s  removed i n  
the  h a r v e s t .  Also, as po in ted  o u t  by P h i l l i p s  
and Van Lear  ( l984) ,  this crown m a t e r i a l  is 
lower i n  q u a l i t y  than  s t e m  m a t e r i a l  due t o  h igher  
p ropor t ions  of moisture,  bark ,  and j u v e n i l e  wood 
i n  t h e  former.  The r e s u l t  i s  an even smal le r  
g a i n  i n  useable m a t e r i a l  whether the  in tended  use 
is paper  m n u f a c t u r i n g  o r  energy product ion.  

Table 2 a l s o  provides the  n u t r i e n t  con ten ts  
of t h e  4 dominant s p e c i e s .  ks would be expected,  
sweetgum, t h e  dominant s p e c i e s  i n  terms of 
biomass, c o n t a i n s  t h e  l a r g e s t  element con ten t .  
Thir ty-seven,  4 4 ,  4 7 ,  39, and 60% of t h e  S ,  P, 
K, Ca, and Yg r e s p e c t i v e l y  i n  the  unders to ry  a r e  
con ta ined  i n  t h i s  s p e c i e s  a l o n e .  

It  m y  be observed t h a t  the  rank ing  of 
tine q u a n t i t i e s  of elements d i f f e r s  amng  t h e s e  4 
s p e c i e s  (Table 2 ) .  However, r e l a t i v e l y  l a r g e  
s t a n d a r d  e r r o r s  of t h e  mean f o r  c e r t a i n  va lues  
(e-g, Ca for blackgun) L i m i t  any conc lus ions  
t h a t  may be drawn from these  d i f f e r e n c e s .  

I t  is  apparen t  t h a t  a cons iderab le  q u a n t i t y  
of unders to ry  hardwood biomass may b e  found i n  
mature s o u t h e r n  p i n e  s t a n d s  i n  n o r t h e r n  
Louisiana.  This  i s  e s p e c i a l l y  t r u e  i f ,  l i k e  
many p i n e  s t a n d s  t h a t  a r e  no t  managed a s  
i n t e n s i v e l y  as would be i d e a l ,  t h e  s t a n d  has had 
l i t t l e  u s e  of f i r e .  

Associated wi th  t h i s  biomass a r e  
q u a n t i t i e s  of n u t r i e n t s  t h a t  may o r  m y  no t  be 
s i g n i f i c a n t  i n  terns of f u t u r e  s i t e  p r o d u c t i v i t y .  
The g a i n  i n  biomass ob ta ined  from h a r v e s t i n g  
the  branches and f o l i a g e  of t h i s  m a t e r i a l  is 
o f f s e t  by the large i n c r e a s e  i n  n u t r i e n t  l o s s e s  
t h a t  w i l l  occur  i f  t h e  crowns a r e  r e m v e d .  
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A METHOD FOR GROUPING SPECIES-FOREST TYPE COfUfBSNATIOMS 

FOR THE DEVaOPWNT OF GROWTH MODELS FOR MIXED SPECIES STANDS c,g 
R.S. Weldahl, N, Eriksson,  and C.E. ~ h o m a s z  

Abstract .  -- A method of  emp i r i c a l l y  grouping s p e c i e s  
w i t h i n  f o r e s t  types  is presen ted ,  Fo re s t  Se rv i ce  survey 
d a t a  were t o  be used t o  develop growth a o d e l s  f o r  Alabma,  
This  r equ i r ed  t h e  grouping of  t h e  d a t a  t o  o b t a i n  a 
s u f f i c i e n t  number of  observa t ions  by subgroup (e.g., by 
s p e c i e s  w i th in  a f o r e s t  type) .  C lu s t e r  a n a l y s i s  was 
performed on t h e  c o e f f i c i e n t s  of  a pe r i od i c  d i a e t e r  
growth r eg re s s ion  equat ion.  Se l ec t i on  of t h e  independent 
v a r i a b l e ( s )  included i n  t h e  r eg r e s s ion  was based l a r g e l y  
on t h e  s tandard  e r r o r s  of  t h e  r eg r e s s ion  c o e f f i c i e n t s  and 
on t h e  reasonableness of  t h e  r e s u l t i n g  groups, 

INTRODUCTION 

Recent survey r e s u l t s  frw both Georgia and 
Alabama sugges t  t h a t  growth and removals from 
growing s t ock  have moved p r eca r i ous ly  toward 
e qua l i t y .  I n  some a r e a s  removals a r e  a l ready  
g r e a t e r  than  growth, S ince  approximately 70% of 
t h e  f o r e s t  l and  is  i n  n a t u r a l  s t ands  predominated 
by mixed spec i e s ,  i t  is necessary t o  ana lyze  and 
e va lua t e  p o t e n t i a l  y i e l d s  of  t he se  s t ands ,  
Growth and y i e l d  e s t ima t e s  a r e  c u r r e n t l y  
a v a i l a b l e  corresponding t o  remeasurement cyc l e s ,  
approximately 10 years ,  bu t  i n t e r i m  e s t ima t e s  and 
p r o j e c t i o n s  would be of  va lue  f o r  many purposes. 
I n  o rde r  t o  accomplish t h i s  t a sk ,  it is  necessary 
t o  reduce t h e  complexity of  t h e  d a t a  t h a t  are 
r e p r e s e n t a t i v e  of t he se  s t ands ,  

F o r e s t  Serv ice  survey d a t a  provide an  
oppor tun i ty  t o  eva lua t e  a v a r i e t y  of  s t a t i s t i c a l  
t echniques  t o  reduce t h e  complexity of  f o r e s t  
type-species  i n t e r a c t i o n s  a s  we l l  a s  a v a r i e t y  of  
o the r  methodologies which can de sc r i be  and 
p r o j e c t  t h e  growth and y i e l d  of  t h e  e x i s t i n g  
Southern f o r e s t s ,  Survey d a t a  i nc lude  t r e e  

1-I Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, At lan ta ,  Georgia, November 
7-8 1984. 

21 Research supported by U.S. Fo re s t  
Serv ice ,  Southern Experiment S t a t i o n ,  under 
Cooperat ive Research Agreement 13-82-072, 

3/ The au thors  a r e  Ass i s t an t  Professor ,  
~ e s e a r c h  Associate ,  School of  Fo re s t ry  and 
Alabama Agr i cu l t u r a l  Experiment S t a t i o n ,  Auburn 
Univers i ty ,  and Research Fo re s t e r ,  Fo re s t  
Inventory and Analysis  Unit ,  Southern Fo re s t  
Experiment S t a t i on .  

v a r i a b l e s  such a s  DBH, h e igh t ,  and crown class, 
and s t and  v a r i a b l e s  such a s  f o r e s t  type,  s i t e  
c l a s s ,  and topography. For a more d e t a i l e d  
explanant ion ,  r e f e r  t o  Renewable Resources 
Inventory Work P lan  (Quick ,  1980). 

C lu s t e r  a n a l y s i s  p rovides  a means of 
s u b s e t t i n g  d a t a  i n t o  homogeneous groups. A s  
descr ibed  by Turner (1974),  t h e  ba s i c  premise is  
t o  group o b j e c t s  t h a t  a r e  i n  some sense  s i m i l a r  
s o  a s  t o  minimize t h e  var iance  w i th in  a c l u s t e r  
and maximize va r i ance s  ( o r  d i s t ance s )  between 
c l u s t e r s .  Simply s t a t e d ,  one needs t o  i d e n t i f y  
t h e  a t t r i b u t e ( s )  which a r e  important  and 
determine t h e  number of groupings which a r e  
de s i r ed  p r i o r  t o  invoking a c l u s t e r i n g  procedure. 
The r e s u l t i n g  c l u s t e r s  should provide a 
reasonable  b a s i s  f o r  t h e  eva lua t i on  of  a much 
l e s s  complex system but  still remain r e l e v a n t  t o  
t h e  o v e r a l l  system, Using t h i s  method, one is 
a b l e  t o  reduce t h e  complexity bu t  hopeful ly no t  
l o s e  those  elements  t h a t  do con t r i bu t e  t o  
d i f f e r e n t  growth and development pa t t e rn s ,  

METHODS AND PROCEDURES 

The d a t a  used f o r  t h i s  s tudy  were t h e  1982 
Fo re s t  Serv ice  survey d a t a  f o r  Alabama. The d a t a  
cover t h e  e n t i r e  s t a t e  and c o n s i s t s  o f  nmerous  
t r e e  and s t and  c h a r a c t e r i s t i c s ,  One of  t h e  
c a t e g o r i c a l  v a r i a b l e s  t h a t  is co l l e c t ed  is f o r e s t  
type,  Each l o c a t i o n  is c l a s s i f i e d  on t h e  b a s i s  
of  s p e c i e s  p l u r a l i t y  wi th  t h e  l o c a l  cover type 
i n d i c a t e d  by t h e  key s p e c i e s  wi th  t h e  g r e a t e s t  
s t ock ing  o r  those  s p e c i e s  t h a t  provide a 
p l u r a l i t y  of  t h e  s tocking .  (An abbrev ia ted  list 
of  f o r e s t  types  i s  g iven  below.) It was assumed 



t h a t  t h i s  s tand  l e v e l  v a r i a b l e  cap tured  many 
a t t r i b u t e s  t h a t  may have an i n f l u e n c e  on t r e e  
growth o r  s tand  development pa t tens .  A f t e r  
e d i t i n g ,  12220 s u r v i v o r  growth t r e e s  which made 
up a t o t a l  of 84 d i f f e r e n t  s p e c i e s  and 33 
d i f  ferentc f o r e s t  types  were a v a i l a b l e  f o r  
modeling Purposes. 

White p ine  
White pine-hem1 ock 
Hemlock 

10 Spruce- f i r  

Longleaf p i n e  
S lash  p i n e  

Loblo l ly  p ine  
S h o r t l e a f  p ine  
V i r g i n i a  p ine  
Sand p i n e  
E a s t e r n  redcedar  
Pond p i n e  
Spruce p ine  
P i t c h  p i n e  
Table-Mountain p ine  

White pine-northern r e d  
oak-white a s h  

E a s t e r n  redcedar-hardwood 
Longleaf pine-scrub oak 
S h o r t l e a f  pine-oak 
V i r g i n i a  pine-southern r e d  

oak 
Loblo l ly  pine- hardwood 
S l a s h  pine- hardwood 
Other oak-pine 

51-59 Oak-hickory t y p e s  

61-68 Oak-gum-cypress t y p e s  

73-75 Elm-ash-cottonwood t y p e s  

8 0 Sugar maple-beech-birch 

99 Nonstocked 

The p o s s i b i l i t y  o f  d i f f e r e n t i a l  growth 
response  f o r  each s p e c i e s  type  combination was 
a l s o  assumed. That i s  t o  say t h a t  a l o b l o l l y  
p i n e  growing  i n  a l o b l o l l y  p i n e  f o r e s t  type  may 
grow d i f f e r e n t l y  than  a l o b l o l l y  p i n e  of  t h e  same 
s i z e  i n  an oak-gum-cypress f o r e s t  type  w i t h  
similar s t a n d  a t t r i b u t e s .  Thus, s e p a r a t e  models 
f o r  each of t h e  s p e c i e s - f o r e s t  type  combinat ions 
would maximize p r e d i c t a b i l i t y  . However, i t  was 
n e i t h e r  d e s i r e d  nor  p o s s i b l e  t o  develop s e p a r a t e  
e q u a t i o n s  f o r  a l l  o f  t h e  combinat ions f o r  two 
reasons .  F i r s t  of a l l ,  a p p l i c a t i o n s  i n v o l v i n g  
a l l  2772 (84*33) e q u a t i o n s  would be unwieldy, and 
second because  many of  t h e  c e l l s  are e i t h e r  empty 
o r  s p a r s e l y  occupied. 

Consequently, some grouping of s p e c i e s  and forest 
t y p e s  was necessary.  This  grouping was 
accomplished i n  two s t e p s .  

The first s t e p  involved reduc ing  t h e  number 
of  f o r e s t  t y p e s  by s p e c i e s .  This  was a r a t h e r  
a r b i t r a r y  methodolo=, t h e  two primary criteria 
being ( i )  sample s i z e s  f o r  each mapped f o r e s t  
type  ( w i t h i n  s p e c i e s )  should,  i n  g e n e r a ,  be a t  
l e a s t  30, and ( f i )  a mapped f o r e s t  type  should  be 
comprised of  t y p e s  which a r e  s i r ~ i l a r  based  on 
expected growth response,  The r e d u c t i o n  was 
accomplished by first determining,  f o r  each 
s p e c i e s ,  those  f o r e s t  t y p e s  which could s t a n d  
a l o n e  a s  a group; t h a t  is,  which types  had a 
s u f f i c i e n t  number of t r e e s  t o  al low t h e  modeling 
o f  t h a t  c e l l  s e p a r a t e l y .  Then, t o  t h e  e x t e n t  
p o s s i b l e  (depending on sample s i z e s ) ,  t h e  p i n e  
t y p e s  (20<type<40) were grouped t o g e t h e r ,  t h e  
oak-pine t y p e s  (40<type<50) were grouped 
t o g e t h e r ,  t h e  oak-hickory t y p e s  (50<type<60) were 
grouped t o g e t h e r  and t h e  oak-gum-cypress t y p e s  
were grouped toge ther .  When t h e s e  groups were 
n o t  p o s s i b l e  (due t o  t h e  sample s i z e s ) ,  t h e  nex t  
cho ice  was t o  c o l l a p s e  t h e  oak-pine and t h e  
oak-hickory t y p e s  i n t o  a s i n g l e  mapped type ,  
Examples o f  t h i s  mapping procedure a r e  g i v e n  i n  
Table 1.  A t  t imes  i t  was necessary t o  form 
groups a c r o s s  many ( o r  a l l )  f o r e s t  types ,  T h i s  
mapping c o l l a p s e d  t h e  o r i g i n a l  84 by 33 m a t r i x  
i n t o  115 c e l l s .  

The second s t e p  i n  reduc ing  t h e  number o f  
s p e c i e s - f o r e s t  type  combinations was t o  apply  a 
c l u s t e r i n g  procedure t o  t h e  c o e f f i c i e n t s  o f  
d iameter  growth r e g r e s s i o n  equat ions.  The 
premise h e r e  is  t h a t  any g iven  species- type group 
(from here  on r e f e r r e d  t o  a s  a c l u s t e r )  should  
r e f l e c t  s t a n d  dynamics. That is, a e l u s t e r  
should  i n c l u d e  spec ies - type  combinations which 
respond t o  i n t e r n a l  ( t r e e )  and e x t e r n a l  ( p l o t )  
changes i n  a s i m i l a r  way. P o s s i b l e  a l t e r n a t i v e s  
t o  s t a t i s t i c a l  c l u s t e r i n g  would be t o  group 
t o g e t h e r  ( i )  t h e  f a s t e s t  growers, ( i i )  t h e  
s lowes t  growers and ( i i i )  some c l a s s e s  i n  
between, o r  t o  group accord ing  t o  some o t h e r  
c l a s s i f i c a t i o n ,  e.g. hard hardwoods, s o f t  
hardwoods, e t c .  However, n e i t h e r  of t h e s e  
a l t e r n a t i v e s  c o n s i d e r s  t h e  dynamics o f  growth. 

C l u s t e r  a n a l y s i s  is a mu1t"ivasiate 
methodology which forms groups of s i r n i l a r  
e lements  based on some d i s t a n c e  measure, 
Elements which are c l o s e  t o g e t h e r  a r e ,  i n  saae 
s e n s e  ( i . e . ,  based on t h e  d i s t a n c e  measure) more 
similar and, hence, more Like ly  to  belong t o  the  
same group t h a n  e lements  which are f u r t h e r  apart, 

I n  a n  ideal. s i t u a t i o n  where growth was a 
known f u n c t i o n  o f  some s e t  of p l o t  and tree 
v a r i a b l e s ,  spec ies - type  combinations with s i ~ l a r  
c o e f f i c i e n t s  would be expected t o  respond t o  
e n v i r o m e n t a l  f a c t o r s  s i m i l a r l y ,  Groups o f  
similar c o e f f i c i e n t s  (and t h e r e f o r e ,  s i ~ l a r  
growth response)  could be found by apply ing  a 
c l u s t e r i n g  a lgor i thm.  Suppose, fos,exanagle, i t  
were known t h a t  growth is e x a c t l y  r e p r e s e n t e d  



Table ?,--Selected e x m p l e s  of mapped f o r e s t  type  d e f i n i t i o n s ,  

Spec ies  Napped 

Slash p ine  

Spruce p ine  

Longleaf p ine  

Loblo l ly  p i n e  

Hickor ies  

Swee tgum 

Chinkapin oak 826 

White oak 802 

A l l  1 

0 t h e r  c o m e r i c a l  --- A 1  1 1 

When f o r e s t  type  i n c l u d e s  a s i n g l e  e n m e r a t e d  f o r e s t  type,  
t h a t  type i s  excluded from o t h e r  goupings, e.g., f o r e s t  
type  21 is n o t  inc luded  i n  mapped f o r e s t  type  1  f o r  
l ongl e a f  p i n e  , 

21 Loblo l ly  p i n e s  o c c u r r i n g  i n  n o b p l a n t a t i o n  s t a n d s  i n  t h e  
l o b l o l l y  p ine  f o r e s t  type,  

3, Loblo l ly  p i n e s  o c c u r r i n g  i n  p l a n t a t i o n s  i n  t h e  l o b l o l l y  
p ine  f o r e s t  type. 



by a f u n c t i o n  wi th  c o e f f i c i e n t s  a  and b,  
Suppose f u r t h e r  t h a t  two groups a r e  t o  be farmed 
from f o u r  s p e c i e s  wi th  c o e f f i c i e n t s :  

a Ir 

C l e a r l y ,  s p e c i e s  1 and 2 would form one group 
w h i l e  s p e c i e s  3 and 4 would form another ,  This  
p r i n c i p L e  is  e a s i l y  extended t o  more than  two 
c o e f f i c l  en t s .  

T h e  above reasoning  n o t i v a t e d  t h e  use  of 
c l u s t e r  a n a l y s i s  f o r  forming groups of  s i m i l a r  
species- type combinations. However, two problems 
a r i s e  w h i c h  were not  p r e s e n t  i n  t h e  above 
example. F i r s t ,  t h e  form of t h e  " t r u e w  growth 
model is unknown and probably d i f f e r s  f o r  
d i f f e r e n t  s p e c i e s  and types.  Second, when a  
model is assumed and t h e  c o e f f i c i e n t s  a r e  
e s t i m a t e d ,  t h e r e  is  e r r o r  a s s o c i a t e d  wi th  t h e  
e s t i m a t e s .  When t h e  e r r o r s  a r e  l a r g e  r e l a t i v e  t o  
t h e  v a l u e s  being es t imated ,  poor groupings may 
r e s u l t ,  

F o r  grouping t h e  1 1 5 (mapped) s p e c i e s - f o r e s t  
t y p e s  f o u n d  i n  Alabarna, l i n e a r  models wese 
assumed, It was found t h a t  when more than  one 
i n d e p e n d e n t  v a r i a b l e  was inc luded  i n  t h e  models 
t h e  errors a s s o c i a t e d  w i t h  t h e  r e s u l t i n g  
c o e f f i c i e n t s  were, i n  g e n e r a l  ( i . e , ,  when 145 
models w e r e  examined), t o o  l a r g e  f o r  much f a i t h  
t o  be p u t  i n t o  t h e  r e s u l t i n g  c l u s t e r  groups, 
T h e r e f o r e ,  e f f o r t  was r e s t r i c t e d  t o  s imple l i n e a r  
models o f  t h e  form: 

w h e r e  PER.D = p e r i o d i c  diameter  increment ,  
X = independent  v a r i a b l e ,  
BO and B1 a r e  r e g r e s s i o n  c o e f f i @ i e n t s ,  

and e is a n  e r r o r  term, 

Simple c o r r e l a t i o n s  between PER,D and a  l a r g e  
number o f  X v a r i a b l e s  were examined, These 
v a r i a b l e s  inc luded  t r e e  v a r i a b l e s ,  such a s  BEN, 
h e i g h t ,  crown r a t i o ,  and height@BBH, p l o t  
v a r i a b l e s ,  such a s  average BBH, trees per  a c r e ,  
and b a s a l  a r e a ,  and p lo t -  tree i n t e r a c t i o n s ,  such 
a s  b a s a l  area*DBH and t r e e s  per  aeresDBH, Based 
l a r g e l y  on t h e s e  c o r r e l a t i o n s ,  t h e  above 
r e g r e s s L o n  was f i t t e d  f o r  22 d i f f e r e n t  
s p e c i f i s a t i o n s  of t h e  v a r i a b l e  X, 

Thm s t a b i l i t y  of t h e  r e s u l t i n g  c o e f f i c i e n t s  
( t - s t a t i  s t i e s )  was e x m i n e d  Ear each 
s p e c i f i c a t i o n  of  t h e  v a r i a b l e  X. C l u s t e r i n g  was 
per formed u s i n g  some of  t h e  more promising 
v a r i a b l e s .  The f i n a l  cho ice  m o n g  t h e s e  
v a r i a b l e s  was p r i m a r i l y  based on two f a c t o r s ,  
F i r s t ,  t h e  i n t u i t i v e  appea l  o f  t h e  r e s u l t i f l d ~  

groupings was assessed ,  Second, f o r  each  of 
t h e s e  more promising choices  of X and f o r  each sf 
t h e  r e s u l t i n g  c l u s t e r s ,  a l a r g e r ,  m u l t i p a r m e t e r ,  
l i n e a r  f u n c t i o n  was f i t t e d  and t h e  t o t a l  (across 
c l u s t e r s )  r e s i d u a l  sulsls of squares e v a l u a t e d  on 
t h e  assumption t h a t  a b e t t e r  c l u s t e r i n g  would 
r e s u l t  i n  b e t t e r  fits by c luster  and henee a 
s m a l l e r  r e s i d u a l  sums of squares. 

A t  t h i s  s t a g e  t h e  two most promisfng 
r e g r e s s i o n s  were f o r  X = BA.BCR ( a  p l o t  v a r i a b l e ,  
def ined  a s  t h e  sun  of  t h e  b a s a l  a r e a s  of a l l  
t r e e s  Larger  than  t h e  c u r r e n t  t r e e ,  which was 
s i g n i f i c a n t  i n  69% of  t h e  115 r e g r e s s i o n s  a t  t h e  
905 l e v e l )  and f o r  X = Nm,C,R, (New Crown R a t i o  
a  t r e e  based v a r i a b l e  s i g n i f i c a n t  i n  66% sf t h e  
115 r e g r e s s i o n s  a t  t h e  10% l e v e l ) .  It was 
d e c i  ded t h a t  t h e  f i n a l  spec ies -  type groupings  
would be based on t h e  coefficients of the 
r e g r e s s i o n ,  

The f i n a l  cho ice  was p a r t l y  based on good r e s u l t s  
ob ta ined  w i t h  t h i s  v a r i a b l e  i n  e a r l i e r  modeling 
a t  tempts. 

The SAS ( S t a t i s t i c a l  Analysis  System, SAS 
I n s t i t u t e ,  1982) procedure FASTGLUS was used a s  
t h e  c l u s t e r i n g  algorithnr. w i t h  t h e  i n p u t  
r e g s e s s i o n  c o e f f i c i e n t s  s t a n d a ~ d i z e d  t o  mean 0 
and s t a n d a r d  d e v i a t i o n  1 p r i o r  $0 c lus te r f r rg*  I n  
app ly ing  t h i s  procedure t h e  u s e r  has c o n t r s l  o v e r  
a number sf o p t i o n s  and p a r m e t e r s ,  The two most 
no teab le  being MAXCLUSTERS and WEIGHT. The 
MAXCLUSTERS o p t i o n  c o n t r o l s  t h e  n m b e r  o f  
c l u s t e r s  t o  be formed and must be s p e e i f i e d .  I n  
t h e  above e x m p l e ,  t h e  va lue  of MAXCLUSTERS would 
be 2, For  t h e  purposes o f  t h i s  p r o j e c t ,  i t  was 
d e e i d ~ d  t h a t  about  20 would be l a r g e s t  workable 
number of c l u s t e r s ,  Th is  does  r e p r e s e n t  a  t r a d e  
o f f  between t h e  a b i l i t y  t o  d i f f e r e n t i a t e  between 
v a r i a b l e s  and have t i g h t l y  grouped c l u s t e r s  and 
having a  reasonable  number o f  c l u s t e r s  t o  
implement i n  o t h e r  a p p l i c a t i o n s ,  

When a WEIGHT is s p e c i f i e d ,  weighted c l u s t e r  
means and v a r i a n c e s  a r e  computed, T h i s  a l l o w s  
t h e  u s e r  t o  i n c r e a s e  t h e  importance of' t h o s e  
o b s e r v a t i o n s  i n  which he has  t h e  most eonffdenee.  
A s  noted above, many of t h e  r e g r e s s i o n  
coef f i e i e a t s  were not  s i g n i f  i e a n t  a t  t h e  10% 
l e v e l ,  Thus, some type  of weight ing scheme, 
which recognized d i f fe ren t  s i g n i f i c a n c e  l e v e l s ,  
was d e s i r a b l e ,  After c o n s i d e r i w  s e v e r a l  
a l t e r n a t i v e s ,  %EIGHT was s e t  t o  a v a r i a b l e  c a l l e d  
FREQ: 

l / ( s i g n i f l e a n c e  l e v e l  o f  B I )  i f  
s i g ,  l e v e l  2 0.001 

where FREQ = 



For t h e  c l u s t e r i n g  a t t e m p t s  descr ibed  above, 
sets of  1 105/ r e g r e s s i o n  coef f i c i e n t s  were 
grouped i n t o  20 c l u s t e r s ,  bu t  a f t e r  t h e  f i n a l  
c l u s t e r i n g  v a r i a b l e ,  BB-BGR, was chosen, 
NXCLUSTERS was set t o  15. Selec ted  e x m p l e s  o f  
t h e  group membership f o r  t h e  f i r s t  15 c l u s t e r s  is  
g iven  i n  Table 2 ,  

Total a m b e r s  o f  s u r v i v o r  growth t r e e s  
fallliw i n t o  each of  t h e s e  c l u s t e r s  ranged from 
33 t o  2383. To provide a more even d i s t r i b u t i o n  
of s m p l e  s i z e s  a c r o s s  c l u s t e r s ,  t h e  most extreme 
c l u s t e r s  were removed and t h e  c l u s t e r i n g  
procedure r e a p p l i e d ,  a g a i n  w i t h  KAXCLUSTERS = 15. 
Sample s i z e s  were still r a t h e r  v a r i a b l e ,  s o  some 
regrouping  was done "by handw t o  even o u t  sample 
s i z e s  and t h e  n m b e r  o f  c l u s t e r s  was i n c r e a s e d  t o  
20. Examples of t h e  f i n a l  c l u s t e r  membership is  
shown i n  Table 3. 

CONCLUSIONS 

While t h e  above methodology provided 
groupings of  s i m i l a r  e lements ,  i t  d i d  n o t  provide 
a unique s o l u t i o n  t o  t h e  problem. However, i t  
d i d  a l low t h e  u s e r  t o  a d j u s t  c l u s t e r s  and t o  
impose h i s  knowledge o r  b e l i e f s  on t h e  
development of t h e  f i n a l  c l u s t e r s .  This  should 
n o t  be considered a s  a f i n a l  s o l u t i o n ,  bu t  a s  a 
s t a r t i n g  p o i n t  f o r  work w i t h  l a r g e r  r e g r e s s i o n  
models and f u r t h e r  a n a l y s e s  . 

' M ~ o b l o l l ~  p ine  on l o b l o l l y  p ine  s i t e s  had a 
s u f f i c i e n t  n m b e r  of samples and was impor tan t  
enough t o  j u s t i f y  a s e p a r a t e  c l u s t e r .  
Baldcypress ,  non-comerc ia l  s p e c i e s  groups,  and 
s p e c i e s  grouped t o g e t h e r  due t o  very s m a l l  sample 
s i z e s  were a lso  removed p r i o r  t o  u s i n g  t h e  
c l u s t e r i n g  procedure. Together t h e s e  account  f o r  
f i v e  mapped f o r e s t  t y p e s  ( c e l l s )  and l e f t  a t o t a l  
o f  110 c e l l s  o r  mapped t y p e s  f o r  f u r t h e r  
grouping. 
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Table 2,--Selected examples o f  group membership f o r  first f i f t e e n  BA,BGR c l u s t e r s .  

Mapped No. ~ o e f  ficients!!  rob, 2f 
C l u s t e r  Type Obs. BO B 1 E3 1 FREQY 

-------------------------------------- C l u s t e r  = 1 ............................... 
Am. h o l l y  1 23 -2 -2543 1.7775 0,0291 34139 
Chinkapin 1 72 -1,4144 1,3641 9 -8408 1.78 
Hickory 2 124 -1,2451 1.2454 0.9964 1 .OO 
S l a s h  p ine  3 27 -1,4862 1.8855 0.5159 1 .94 
Swamp t u p e l o  1 3 1 -1,3580 1.6396 0,5138 1.95 
Water t u p e l o  1 39 -1.3364 1 -2241 0.9625 1.04 

-------------------------------------- C l u s t e r  = 2 ------------------------------- 
S e a r l e t  oak 1 42 0,0646 2,2596 0.4281 2 -34 
S c a r l e t  oak 5 3 9 4 0,2837 1.4628 0.7358 1.36 

...................................... C l u s t e r  = 3 ............................... 
River b i r c h  1 4 1 0 -6790 -1,4699 0.0376 26.61 
V i r g i n i a  p i n e  1 3 3 0.51 98 -1.0609 0.0001 1000 .OO 

Chestnut oak 1 29 -0006 14 1,3882 0,921 0 1.09 
Chestnut oak 3 69 -0,3488 1.1284 0.8240 1 *21 
Hackberry 1 65 -0,5905 1,6221 0.6732 1 .49 
S l i p p e r y  elm 1 1 1  -0.9703 1 -8123 0.5437 1.84 
White a s h  1 58 -0.7384 1.2716 0.9642 1.04 

Loblo l ly  p i n e  2 5 1 0,7324 0.6532 0.581 1 1.72 
Yellow-poplar 1 3 7 1,0982 0.4125 0,3950 2 .53 
Yellow-poplar 2 62 0.8672 1 ,1325 0.9244 1.08 
Yellow-poplar 5 3 96 1 -0357 0.4514 0,1411 7 .09 

S h o r t l e a f  p ine  2 5 1 0,5888 -2,2970 0 ,0000 1000 .OO 
S l a s h  p i n e  2 79 0,2773 -2,0173 0.0037 271.21 

Loblo l ly  p i n e  0 208 1,4167 -1,9646 0 ,0000 1 000.00 
Swamp c h e s t n u t  oak 1 33 1,7475 -2.0992 0,0009 1000 .OO 
Shuniard oak 1 28 1,8313 -1,8456 0,1021 9.79 
Spruce p ine  1 88 1.9876 -2.0401 0.0001 1000 .OO 

Cherrybark oak 1 68 1.9259 -1,0428 0.0150 66.51 
Laurel  oak 2 5 6 1,4384 -0.7023 0.0082 121,92 
Loblo l ly  p i n e  32 71 1.4297 -1.3968 0.0024 417.83 
Loblo l ly  p i n e  46 414 1.3129 -1.0929 0 ,0000 1000 ,OO 
Water oak 62 112 1,8573 -0,9785 0.0031 319.54 

U ~ e ~ r e s s i o n  c o e f f i c i e n t s  f r o a  t h e  model PER-D = BO + Bl*BA.BGR. 
U s i g n i f  i c a n c e  l e v e l  o f  t h e  B1 c o e f f i c i e n t  , 

l / ( s i g n i f i e a n c e  l e v e l  o f  B1) i f  s i g ,  l e v e l  2 0,001 
FREQ= " 1000 otherwise.  



Table 3,--Selected exarnples of group membership f o r  f i n a l  twenty BA.BGR clusters. 

Maped No, Coef f i c i e n t s ?   rob, ;?f 
c l u s t e r  Q p e  ~bs. BO B I BI FREQY 

........................................ cluster = 2 ........................... 
Loblolly pine 3 1 121 1 2,7153 -8,0463 0 ,0000 7 000 ,OO 

Hickory 5 3 542 1,0284 -0.0049 0 ,0000 1000 '00 

Shor t leaf  pine 3 111 7 ,7181 -0.0174 0,0008 1000 .OO 
Shor t leaf  p ine  3 2 333 1,8507 -0,0159 0,0000 1000 .OO 
Shor t leaf  p ine  44 1.6538 -0.0945 0 ,0000 7 000 -00 
White oak 3 5 2 1.9786 -0.0152 0,0005 1000 .OO 
Whf t e  oak 4 18 2.0156 -0.0147 0.21 32 4,69 
WhiLe oak 46 5 3 2.1390 -0.0149 0,0001 1000 .OO 

-----------------------*---------------- Clus ter  = 7 --------------------------- 
River b i r eh  1 4 1 2,4093 -0.0190 0 .a376 26.61 
Shor t leaf  pine 2 5 1 2 -3399 -0.0248 0 .OOOO 1000,OO 
Slash pine 2 79 2.1004 -0.0229 0,0037 271 -21 
Virg in ia  pine 1 33 2.2869 -0.0162 0.0001 1000 -00 

Loblolly p i n e  2 5 1 2,4503 -0,0042 0.581 1 1 ,72 
Lob1 off  y pine 4 33 2.9611 0,0041 0.6044 7-65 
Uellow-poplar 1 3 7 2.7316 -0.0058 0 .3950 2 -53 
Yellow-poplar 2 52 2 *5538 -0.0008 0.9244 1.08 
Yellow-poplar 53 96 2,6835 -0.0056 0.1411 7 .09 

Green ash  
Laurel oak 
Laurel oak 
W,  Red oak 
S. Red oak 
Sy e m o r e  
Ma ter oak 
Water oak 

Black tupelo  I 43 0,8784 -0,0059 0,0450 22 -24 
Black tupelo  2 92 0,8289 -0,0031 0,2171 4.6 1 
Black tupelo  3 59 1,1959 -0.0063 0,0221 45.23 
Black dupelo 5 3 158 0 *8392 -0,0041 0,001 0 957 -45 
Black tupelo  58 115 0,9127 -0,8034 0,0632 15.81 
Swamp bupe lo  68 9 51; 1.0268 -0,0037 0,0009 1000 -00 
Water tupelo 6 1 21 8 0.9726 -S,001 9 0.3873 2.58 

l i ~ e ~ r e s s i o n  e o e f f i e i e n t s  Prom the  model PER,D = BO + Bf@Ba,BGR, 
i l lsignif  i c a n ~ e  l e v e l  o f  t he  B1 coef f i e i e n t  , 
3." "I/(sigmifieanee l e v e l  of' B1) if sig. l e v e l  2 0.001 

FREQr: 
1000 otherwise, 
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FOR NATURAL LONGLEAF PINE STENS I / - 

Robert F. P a r r a r ,  Jr. 2/ - 

Abstract.-- Inc luding  an express ion  of crown r a t i o  a s  
a  continuous inde endent va r i ab l e  s i g n i f i c a n t l y  reduced the  3 v a r i a t i o n  i n  s D H stem-volume e q u a t i o n  f o r  t o t a l  c u b i c  
f e e t ,  i n s i d e  ba rk ,  based  on d a t a  from f e l l e d  n a t u r a l  
longleaf  pines. A volume d i f f e r ence  of about 12 percent  is 
pred ic ted  between t r e e s  w i th  70 percent  and 79 percent  crown 
r a t i o  b u t  w i t h  t h e  same D and H. Methods,  a n a l y s i s ,  and 
r e s u l t s  a r e  discussed along wi th  examples of app l i c a t i on  of 
t h e  equation. 

INTRODUCTION 

T h e  " combined -va r i ab l e " '  o r  
W $ ~ W  volume 

f u n c t i o n  has been widely accepted a s  a  model f o r  
p r e d i c t i n g  t h e  volume of  t r e e  s t ems .  The u s u a l  
form is: 

(1  ) V = bO + bl  (D2H) where 

( 2 )  V = bo + bl (f)(D2H) where 

f = an express ion  of bc le  form (shape). 

I n  f a c t ,  e q u a t i o n  (1 )  i s  a l s o  a t  t i m e s  c a l l e d  a  
" c o n s t a n t  form f a c t o r "  e q u a t i o n  an6  i n  i t  bl 
d e f i n q s  t h e  c o n s t a n t  form. But ,  s h o u l d n ' t  w e  
cons ider  t he  p o s s i b i l i t y  of a  s i g n i f i c a n t  e f f e c t  
of form? I f  so,  what should the  form express ion  
be? 

V = t r e e  ( o r  s tem sec t i on )  volume 
BACKGROUND 

D = t r e e  d.b.h., i n c h e s  

H = t r e e  h e i g h t  ( o r  s t e m  s e c t i o n  l e n g t h ) ,  
f e e t  

bo, bl = parameters  t o  be est imated.  

T h i s  e q u a t i o n  i s  u s u a l l y  f i t t e d  v i a  we igh t ed  
l e a s t  s q u a r e s  t o  homogenize  t h e  v a r i a n c e  i n  
vo lume w i t h  t h e  w e i g h t  commonly b e i n g  1/D2H. 
O f t e n ,  t h e  r2 w i l l  be > 0.99, which s u g g e s t s  
l i t t l e  room f o r  improvement .  However, a more 
g e n e r a l  form of e q u a t i o n  (1 )  g i v e n  by Spurr 
(1952) i s :  

1 / Presented a t  t he  Southern S i l v i c u l t u r a l  
~ e s e a ? c h  Conference, At lan tz ,  GA, Nov. 7-8, 1984. 

2 1  P r i n c i p a l  M e n s u r a t i o n i s t ,  F o r e s t r y  - 
S c i e n c e s  L a b o r a t o r y ,  E o n t i c e l l o ,  AR, S o u t h e r n  
F o r e s t  Expe r imen t  S t a t i o n ,  USDA Fores t  Serv ice ,  
i n  coo -pe ra t i on  w i t h  t h e  Depar tment  of  F o r e s t  
Re sou r  c e s  and Arkansas  A g r i c u l t u r a l  Experiment 
S t a t i o n ,  Univers i ty  of Arkansas a t  I font icel lo.  

The h i s t o r i c  measures of form such a s  Gi ra rd  
fo rm  c l a s s ,  fo rm q u o t i e n t s ,  and form p o i n t  a r e  
a l l  l i k e l y  eand ida"c s  b u t  have a  common f a u l t :  
a l l  a r e  d i f f i c u l t  t o  u s e  because  t h e y  e i t h e r  
r equ i r e  measurement of  a n  upper -s tem d i a m e t e r ,  
e i t h e r  i n s i d e  o r  ou ts ide  bark, o r  de t e rmina t i on  
of  t h e  h e i g h t  t o  t h e  e s t l r n a t e d  crown c e n t e r  o f  
g r a v i t y  ( f o rm  p o i n t ) .  A l so ,  G i r a r d  fo rm  c l a s s  
h a s  no u t i l i t y  f o r  t r e e s  w i t h  h e i g h t  l e s s  t h a n  
a b o u t  17 f e e t .  Expens ive  l a b o r  a n d / o r  dendro-  
meters  are usna l l y  requi red  t o  measure upper-stem 
d iameters  and ocular  e s t ima t i on  of crzwn c e n t e r  
of g r av i t y  seems t a c i t l y  undesirable.  

S s  t h e r e  some s u r r o g a t e  f o r  fcrrn? An 
obv ious  c a n d i d a t e  i s  crown r a t i o  o r  t h e  l i v e  
crown l e n g t h  e x p r e s s e d  a s  z percen tage  of t o t a l  
height. Crown r a t i o  percentage i s  used by s i l v i -  
c u l t u r i s t s  a s  an index of' t h e  growth o r  s u r v i v a l  
p o t e n t i a l  of a t r e e  s i nce  (1) i t  involves  a major  
d i m e n s i o n  of  t h e  t r e e  crown (crown l e n g t h ) ,  ( 2 )  
i t  is probably we l l - co r r e l a  ted with crown volume, 
and, thereby,  (3) i t  r ep re sen t s  the  photosynthe- 
s i z i n g  f o l i a g e .  I n  g e n e r a l ,  i f  t h e  crown r a t i o  



I s  53 percent o r  greater, t h e  t r e e  is cons ide red  
caaable o f  mtiximum g r o w t h ,  C r c w c  l e n g t h  [ o r  
k e l g h t  t o  c r o w n  base)  i s  r e L a t i x - e l y  easy  and 
r r _ e x p e n s a v e  t o  meas-sre a l o n g  w i t r ,  t o t a l  h e i g h t  
when u s i n g  a c l ~ n o m e t e r ,  Abneg level, t r a n s i t ,  
ede. s3.l a measuring "cape cr r a n g e f i n d e r ,  

3 e v e l o p l ~ g  s t e a - p r c E i l e  f u n c ~ l o n s  f o r  
d i sc re t e  c rcwn- ra t ro  c l a s s e s  has Seen u s e f u l  i n  
~ r e i i . e r i n g  t r e e  product-volumes i c  u c t k i c r e d  
p l a n t a t i o n  yield s f u d i e s  f o r  s l a sh  p i n e   enne nett 

e n d  P o l 3  

8,  3 e l ;  e?; al. 19713) ar,d i o b l ~ i l g  p i n e  - 
et a l e  I 9 7 9 $ - & . d  f c r  p l a n t e d  ( ~ a l d w i n  -- 
er 1984 )  a n d  c a t u r a l  ( ~ a r r a r  1964) 

l o n g b e a f  p i n e s .  G e n e r a l l y ,  Lower  c r o w n  r a t i o  
i r ,d lcn- i ;ed h r g e r  s t e rn  xrolurc,e f c r  g i v e n  D a n d  E. 
Dell (1379) emphasizes  t h e  p romise  o f  crown r s t i o  
i n  improv ing  tree hnd s t a n d  product-volume e s t i -  
mates and s x g g e s t s  f u t u r e  u t i l i t y  i n  p r o v i d i n g  
i n f o r m a t i o n  o c  b i c m a s s ,  l i n b - r e l a t e d  q u a l i t y  
c o n s i d e r a t i o n s ,  and p o t e n t i a l  f o r  c e r t a i n  i n s e c t  
c r  disease c o c d i t i o n s .  Xowever ,  E u r t c n  ( 1  980) 
d i d  n o t  f i n d  a s i g c i f i c a a t  d i s c r i m i n a t i n g  e f f e c t  
o f  c r o w n  r a t i o  i n  an  a n a l y s i s  o f  s e v e r a l  s t e m  
t a p e r  models  f o r  p l a n t e d  l o b l o l l y  p ine ,  a l t h o u g h  
a t r e n d  i n  t h e  c o e f f i c i e n t s  w i t h  crcwn r a t i o  was 
e v i d e n t  f o r  some m o d e l s .  A l s o ,  L o h r e g  (1987) 
could f i n d  no c o n s i s t e n t  e f f e c t  of crown r a t i o  i n  
a n  z inalysis  o f  t r e e  volumes i n  r e p e a t e d l y  th inned  
p l a n t e d  lcagleaf p i n e  p l o t s   hen i t  was i n c l u d e d  
with D'H and o t h e r  independen t  v a r i a b l e s .  

T b e  f a l l o w i n g  znalysis was p e r f o r m e d  on  a 
f e l l e d - t r e e  d a t a  b a s e  t o  s e e  i f  some  e x p r e s s i o n  
o f  c r o w n  r a t i o  c o u l d  be u s e d  a s  a c o n t i n u o a s  
igdependea t  v a r i a b l e  and s u r r o g a t e  f o r  form i n  a  
C'Z volume equat ion.  

The d a t a  base is d e s c r i b e d  by F a r r a r  (1981). 
B r i e f l y ,  i t  c c n s i s t s  of 214 f e l l e d  n a t u r a l  
l c n g l e a f  p i n e s  measured a t  I - i n c h  t a p e r  s t e p s  f o r  
d.o.b., d.i.b., and  l e n g t h s  b e t w e e n  c o n s e c u t i v e  
t a p e r  s t e p s  f r o m  a 0 . 2 - f o o t  s t u m p  t o  the z e r o  
d.o.b. at t h e  t i p  o f  t h o  t e s m i n e l  bud. Addi-  
ticnaliy, d i a n e t e r s ,  o.b. and i.b., were  measured 
a t  t h e  s tump,  breast  h e i g h t ,  and l i v e  crown base  
aisng w i t h  t o t a l  h e i g h t  a n d  h e i g h t  t o  t h e  L i v e  
crow2 base. This  ~ e a e u r e m e n t  p rocedure  was used 
t o  ( I )  min imize  d a t a  e r r o r s ,  t o  (2) o b t a i n  a good 
d e s c r i p t i i o c  o f   he sh;ir;s o f  t h e  s t e a ,  a n d  t o  (3: 
Eac i l l t e t e  c n l c a l e t i o n  o f  s t em cub ic - foo t  volumes 
t o  i n t ege r  bgp d.o.b. l i m i t s .  Cubic-foot  volume, 
i.b., was c e l c u l a t e d  by assuming a c o n i c  s e c t i o n  
( f r u s z r u n )  between t a p e r  s t e p s  and a c o z i c a l  t i p  
s e c t i o n .  Seexlon volumes were  summed t o  o b t a i n  
" o b s e r - ~ e d "  t o t a l  c u b i c - f o o t  t r e e  v o l u m e ,  i .b. ,  
above t h e  0.2-foot ?stump. Crown r a t i o  p e r c e n t a g e  
was c a l c u l a t e d  as   total h e i g h t  - h e i g h t  t o  l i v e  
c r o w n  ' c a s e ; / ( t o t a L  he igh t ) ] ( lOO) .  Height  t o  l i v e  
c r o w n  b a s e  was m e a s u r e d  f r o m  t h e  g r o u n d l i n e  t o  
t h e  p o i n t  on t h e  s t e rn  w h e r e  t h e  v e n t r a l  s i d e  o f  
the l o w e s t  l i v e  l i m b  i n  t h e  m a i ~  c r o w n  body 

;olned the  stem. 

These T r e e s  w e r e  c b t a i r , e d  by s a m p l i n g  i n  a 
r e c t a x g c l a r  d i s t r i b u t i o n  of ii.b,h., t o t a l  h e i g h t ,  
and s rcwn  r a t i o  pe rcen tage .  The nunber  of s a ~ p l e  
t r e e s  by d.b.k,, t o t a l  h e i g h t ,  and  c r o w n  r a t i o  
c l a s s e s  i s  shcwn i n  T a b l e  I .  1;s i l l u s t r a t e d  i n  
t h i s  t a b l e ,  i t  was d i f f i c u l t  t o  f i n d  t h e  ccmbina- 
tioc c f  s b c r t  t r e e s  f o r  a given d.b.h. and  a  Low 
crown r a t i o .  

The " c b s e r v e d "  t r e e  v o l u m e s  w e r e  u s e d  i n  a  
c o n d i t i o n e d  we igh ted  m u l t i p l e  l i n e a r  r e g r e s s i o n  
a n a l y s i s  (SAS 1979) emplcying t h e  f u l l  model: 

where V = t r e e  t o t a l  cub ic - foo t  volume, i,b., 
above a  0.2-foot s tump 

= 0.00575 (observed V of a  l o n g l e a f  
t r e e  w i t h  D'H = 0; D = 0 i n c h e s  
and  H = 4.5 f e e t ;  b a s e d  on I 0  
sample  t r e e s )  

CR = crown r a t i o ,  p e r c e n t  

I? = d.b.h. ,  i n c h e s  

N = t o t a l  h e i g h t ,  f e e t  

Weight = 1 /D~H. 

Ncte t h a t  t h e  v a r i a b l e  (100-CR) assumes t h e  r o l e  
o f  t h e  f c r m  v a r i a b l e  ( f )  i n  e q u a t i o n  (2) .  T h i s  
p a r t i c u l a r  f o r m u l a t i o n  was used t o  make t h e  form 
v a r i a b l e  ana logous  t o  G i r a r d  form c l a s s  s i n c e  i t  
was reasoned t h a t  a  low crown r a t i o  would i m p l y  
good f o r m  a n d  l a r g e r  v o l u m e  f o r  a g i v e n  D a n d  W. 
N c t e  f u r t h e r  t h a t  i f  D'H = 0 ,  e q u a t i o n  ( 3 )  
i m p l i e s  t h a t  V = bo + b1 (1 00-CR).  T h i s  c o u l d  
p r e s e n t  t h e  a n o m a l y  o f  a n o n - f i x e d  b0 i f  CR is  < 
100 when Il2H = 0. I t  t u r n s  o u t  t h a t  f o r  t h e  
c o n d i t i o n e d  b0 c h o s e n  ( w h e r e  D = 0 and  H = 4.5), 
suck; young  l c n g l e a f  p i n e s  w i l l  g e n e r a l l y  h a v e  a  
c r o w n  r a t i o  o f  e s s e n t i a l l y  100 p e r c e n t  a n d  t h e  
p c t e n t i a l  ~ r o b l e r n  is s i d e s t e p p e d ,  

I n  t h e  f u l l - m o d e l  a n a l y s i s ,  b  was n o t  s i g -  1 n i f i c a n t  a t  t h e  5 p e r c e n t  p r o b a b i l x t y  l e v e l  s o  a 
reduced model: 

(4) Y = + %($H) + b j ( l ~ m ) ( $ ~ )  was fitted. 

I n  e q u a t i o n  (4)  a l l  c o e f f i c i e n t s  w e r e  s i g n i -  
f i c a n t .  The c a l c u l a t e d  p r o b a b i l i t y  of o b s e r v i n g  
a  g r e a t e r  a b s o l u t e  "t" r a t i o  d u e  t o  c h a n c e  was 
0.0001 f o r  each one. P l ~ t t i n g s  of r e s i d u a l s  on GR 
and D'A d i d  n o t  r e v e a l  any p a r t i c u l a r  t r e n d s  w i t h  
e i t h e r  v a r i a b l e ,  A d o p t i o n  o f  m o d e l  ( 4 )  i m p l i e s  
t h a t  we a c c e p t  t h a t  t h e  f o r m  v a r i a b l e  d o e s  n o t  
a E f  e c  t t h e  r e g r e s s i o n  i n t e r c e p t  b u t  does  a f f e c t  
t h e  s l o p e .  



Table 1. - Nurnber of w p l e  t rees  by d.b.h., total height, and 
crown ratio classes. 

D,b.h. Total Height f ft . ) 
(in.> 

4.6-1 5 16-25 26-35 36-45 46-55 56-65 6-75 76-85 85-95 %-I05 
--.-J---C-------------------------------------------------------------------------- 

< 30$ C r o w n  Ratio - 

Total = 37 

4.6-4.5 16-25 26-35 76-45 46-55 56-65 66-75 76-85 86-95 96-105 
------------------------------------------------------,----------- ------ 

31 - 50% Crown Ratio 

Total = 85 



Table 1. - (~ont , )  Rwber 3f w p l e  trees by d.b.h., t o t a l  height, and 
cram m t i ~  classes. 

................................................................................ 
D*b,h. Tahf  Weiiqht ( f t  . ) 
(in- > 

4-6-15 26-25 26-35 36-45 46-55 56-55 66-75 76-85 86-95 96-.f@ ................................................................................ 
) 51 5 Cmwn Ratio 

Total = 92 

RESULTS Equation (5) is shown graphically in Figure 
I for three contrasting crown-ratio percentages. 
Note that, as expected, a low crown ratio results 

The fitted form of equation (4) is: in a larger tree volume for given D and H and 
implies better stem form for the shorter tree 
crown. Equation (6), if plotted, would nearly 
coincide with the line for 50 percent crown ratio 

For comparison, a conditioned weighted fit of in Figure 1 because the mean CR for the data set 
model ( I )  was made to cbtain the simpler is also about 50 percent. 
"combined variable" equaticn: 

"Goodness of fit" statistics for equations 
(5) and (6) are given ir, Table 2. At first 
glance, these statistics do not indicate an over- 
whelming superiority by eather equaticn. Both 
equations are relatively unbiased as indicated by 
nearly zero mean deviations (d )  and both account 
for a very large proportion of the variation in 
tree volume as indicated by the fit indices (PI) 
of about 0.99 or larger. Both the relative (gd) 
and absolute relative ( R M S ~ ~ )  deviations are 
similar for both equations. Eut, for equaticn 
(5) the root mean squared deviation (BWS~) is 
lower by about 19 percent, indicating that the 
average absolute size of errors is less with 
equation (5). 

Tc illustrate the effect of & B  on tree 
volume, assume we have a tree with D = I0 inches, 
H = 10 feet and let CR be 30, 56, or 70 percent. 
Calculating the volume for these three conditions 
using equations (5) and (6) we obtain: 

For (6), B = 15.385 

For (5) and Cii = YO$, V = 16.286 

Compared to equati.cn (6), equation (5) predicts 
about 1 cubic foot or 5.9 percent more volume for 
C X  = 70% and about 1 cubic foot or 6.2 percent 
less volume for CR = 7~$. The cubic-foot dif- 



Tab le  2. -- '"~oddness of  f i t "  s t a t i s t i c s  f o r  e q u a t i o n s  (5)  and (6) .  

........................................................................... 
Related S t a t i s t i c s  

Equation - 1, 2 -- 3 /  6/ 7 / - 
a Y d R H S ~  B M S % ~  - FI 

1  / n = Number of observa t ions  - 
2 1  Y = Mean observed t o t a l  cubic-foot volume, i . b , ,  per  t r e e  - 

- 
3 d = Hean dev i a t i on  = ( l / n )  f (yi - ?'i) where Yi = observed - 

A 

volume of the  i t h  t r e e  and Yi = predic ted  volume of the  i t h  t r e e  

2 4/ REISd = Root mean squared d e v i a t i ~ n  = j / ( l /n )5(Yi  - Yi) - 
- 

5 /  %d = Plean percent  dev ia t ion  = [ ( l / n ) 2 ( ( y i  - ? i ) /~ i ) ] ( lOO)  - 
6 /  R M S % ~  = Root mean squared percent  dev i a t i on  - 

7 /  FI = F i t  index = 1 - [t (xi - t i ) ' /5  (yi - k)'] - 
F i t  index is analogous t o  the  c o e f f i c i e n t  of determinat ion 
i n  r egu l a r  regress ion  and takes  on valiies 1 .  FI is used t o  
eva lua te  v a r i a t i o n  accounted f o r  by condit ioned or  transformed 
regress ions  o r  systems of equat ions where the  c o e f f i c i e n t  of 
determinat ion is not appropr ia te .  

f e r e n c e s  i n c r e a s e  a s  t r e e  s i z e  i n c r e a s e s ,  a s  
i l l u s t r a t e d  i n  F igure  1, but t he  percentage d i f -  
f e r e n c e s  r ema in  e s s e n t i a l l y  the same. The 
d i f f e r e n c e  between t he  v o l u ~ e  of two t r e e s  having 
t h e  s a m e  D and E! b u t  a CR of 70 p e r c e n t  f o r  one 
and 70 p e r c e n t  f o r  t h e  c t h o r  i s  a b o u t  Z I  t o  17 
p e r c e n t ,  depend ing  on t h e  base .  T h i s  r e l a t i v e  
d i f f e r e n c e  i s  on t h e  o r d e r  o f  t h e  16 p e r c e n t  
volume d i f f e r ence  repor ted  by Dell (1 979) between 
high a n d  low crown-rat io s tem-prof i le  f unc t i ons  
f o r  p l a n t e d  l c b l c l l y  pine. 

DISCUSSION 

E q u a t i o n  ( 5 )  shows  t h a t  an  a s s c c i a t i o n  
e x i s t s  be tween  t r e e  volume and crown r a t i o  i n  
n a t u r a l  l o n g l e a f  p i n e s ,  a s  sampled  i n  t h i s  d a t a  
b a s e ,  b u t  any c a u s e - e f f e c t  r e l a t i o n s h i p s  a r e  

i n t e r p r e t i v e .  The t r e e s  s e l ec t ed  i n  t h e  rec tan-  
g u l a r  d i s t r i b u t i o n  were r e q u i r e d  o n l y  t o  be 
n a t u r a l l y  r e g e n e r a t e d ,  s ing le -s temmed,  v i s i b l y  
undamaged, and t o  f i t  i n t o  cne  of t h e  D-H-CE 
c e l l s .  They  came f r o m  a  w i d e  v a r i e t y  o f  
u n d e s c r i b e d  s t a n d  c o n d i t i o n s  and  h i s t o r i e s  
r e g a r d i n g  age, s i t e  q u a l i t y ,  d e n s i t y ,  and p a s t  
t r e a t m e n t .  T h e r e f s r e ,  t h e y  a r e  n o t  a s s o c i a t e d  
w i t h  any ~ a r t i e u i a r  s e t  c f  s t a n d  c c n d l t i c n s  c r  
management r eg imes .  The r e l a t i o n s h i p  b e t w e e n  
crown r a t i o  and s t e m  volume obse rv ed  u n d e r  
s p e c i f i c  t3 inn ing  regimes over a r o t a t i o n  might 
be somewhat  d i f f e r e n t  q u a n t i t a t i v e l y  from t h a t  
h e r e i n  bu t  s h o u l d  be s i m i l a r  q u a l i t a t i v e l y  i f  
t h i n n i n g  i n t e r v a l s  a r e  l o n g  enough f o r  c rown 
length  and stem form t o  a d j u s t  t o  t he  new envir- 
onment. 

Bas ica l ly ,  f o r  spec i e s  exh ib i t i ng  excur ren t  
c r  monopodia l  g rowth  form,  a t r e e  s t e m  t e n d s  



Cubic feet 
per t r e e  

Figure 1. -- Predic ted  t o t a l  cubic-foot volune, i , e . ,  by crown-ratio (CR) 

c l a s s ,  equa t ion  (5). 

toward  a c y l i n d e r  i n  s h a p e  below t h e  crown b a s e  
and t a p e r s  s t r o n g l y  w i t h i n  t h e  crown. Thus,  a s  
crown l e n g t h e n s ,  s t e m  fo rm  t e n d s  t o  be poo re r .  
Stem shape appears  t o  be modified secondar i ly  by 
s tand  densi ty.  Open-grown t r e e s  gene ra l l y  tend t o  
t a p e r  more i n  t h e  l c w e r  s t e m  t h a n  t r e e s  i n  a 
c l o s e d  s t a n d  due a p p a r e n t l y  t o  a b u t t r e s s i n g  
response t o  wind loading. But, a l so ,  crown r a t i o  
and stand dens i t y  a r e  co- re la ted  s i nce  open-grown 
t r e e s  a l s o  t e n d  t o  have  h i g h  crown r a t i o s  w h i l e  
t r e e s  i n  dense  s t a n d s  t e n d  t o  have  low crown 
r a t i o s .  I n  t h e  no rma l  deve lopment  of  a s t a n d ,  
t h e  t r e n d  w i t h  t i m e  seems toward  l o w e r  crown 
r a t i o s  a n d  p e r h a p s  a n  a p p r o a c h  t o w a r d  a n  
asymptote. For the most p a r t ,  i t  would seem t h a t  
any t rea tment  t h a t  a l t e r e d  the  crown r a t i o  would 
a l s o  r e s u l t ,  s o o n e r  o r  l a t e r ,  i n  a l t e r e d  s t e m  
fo rm ,  b u t  how q u i c k l y  c rown r a t i o  changes  and 
s t e m  form a d j u s t s  t o  changed env i ronmen t  i n  
longleaf  p ine  is open t o  inves t igae ion .  

Pe rhaps  i n  Leb rey ' s  (1983) r e p o r t ,  where  a 

c r o w n - r a t i o  e f f e c t  was i n c o n s i s t e n t ,  t h e  c r c v n  
r a t i o  and stem form never achieved commensurate 
va lues  o r  crown r a t i o  never var ied  c o n s i s t e n t l y  
among t he  s tudy  t r e a tmen t s  due t o  f requent  t h in -  
ning. Also, poss ib ly  t he  model form o r  i n c l u s i o n  
of o the r  co-related va r i ab l e s  prevented d e t e c t i o n  
o f  an  e f f e c t  of erown r a t i o .  N e v e r t h e l e s s ,  a s  
Lohrey p o i n t s  o u t ,  l a t e r a l  crown expans ion  and 
i n c r e a s e d  l o a d s  on t h e  s t e m  due t o  wind and 
increased  crown volume a f t e r  th inn ing  may a f f e c t  
s t e m  f  o m  and vclume w i t h o u t  an  a p p r e c i a b l e  
change i n  crown r a t i o .  The p o i n t  i s  a l s o  w e l l  
t a k e n  t h a t  i f  we w i sh  b e s t  t o  measure  stern fo rm  
and v o l u n e  r e s p o n s e s  t o  i n t e n s i v e  t r e a t m e n t s ,  
such a s  f requent  th inn ings ,  l i v e  prunings, f e r -  
t i l i z a t i o n s ,  e tc . ,  we s h o u l d  r e s o r t  t o  e q u a l l y  
i n t e n s i v e  measurements .  T h i s  i m p l i e s  p r e c i s e  
dend rome t ry  of t h e  s t e m s  i n  s t a n d s ,  o r  a s u f -  
f i c i e n t  s amp le  t h e r e o f ,  p l u s  e s t a b l i s h m e n t  o f  
ins ide-  and o u t s i d e - b a r k  d i a m e t e r  r e l a t i o n s h i p s  
along t he  stem. 



A l t h o u g h  c rown r a t i o  may n o t  be t h e  mos t  
s e n s i " ? ; i v e  e x p r e s s i o n  o f  s t e m  f o r m ,  i t  s h o u l d  be 
a d e q u a t e  in many cases .  For  a p p l i c a t i o n s  where 
the  elepense of dendrone t ry  is n o t  j u s t i f i e d ,  the 
a d d e d  p r e c i s i o n  of  a D'B volume r e g r e s s i o n  cr 
s t e m -  ~ r o f i l e  f u n c t i o n  e r n p l c g i n g  c r o w n  r a t i o  
s h o u l d  prove use fu l .  
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ESTABLISK-NT OF PEWYET"bT GROWm Ah% YIELD PLOTS 

1 / IN LOBLOLLU APSD SLASB P I N E  PCANTATIOKS I?: EAST TEXAS - 

J. David Lenhart 

E l l i s  V.  Hunt, Jr. 

2 1 Jock A. Blackard - 

Abstract.--Permanent p l o t s  have been e s t ab l i shed  i n  178 l o b l o l l y  
and 78 s l a s h  p ine  p l a n t a t i o n s  throughout Eas t  Texas t o  s tudy  t h e  
development of s tand  s t r u c t u r e  over time. Analysis  of t h e  d a t a  w i l l  
provide methods of es t imat ing  growth and y i e l d ,  m o r t a l i t y ,  and s i t e  
p roduc t i v i t y  t o  a s s i s t  managers of t he se  p l a n t a t i o n s .  

I n  August, 1984, a f t e r  t h r e e  yea r s  of work, 
t h e  School of f o r e s t r y  a t  Stephen F ,  Austin S t a t e  
Univers i ty  and p a r t i c i p a t i n g  East  Texas f o r e s t  
i n d u s t r i e s  f i n i s h e d  i n s t a l l i n g  an a r r a y  of 178 

permanent growth and y i e l d  p l o t s  i n  l o b l o l l y  p ine  
p l a n t a t i o n s  and 78 permanent growth and y i e l d  
p l o t s  i n  s l a s h  p ine  p l a n t a t i o n s  throughout East  
Texas. 

The need f o r  t h i s  comprehensive sample a ro se  
because about  15 yea r s  ago, many f o r e s t  landowners 
s t a r t e d  conver t ing  mixed pine-hardwood s t ands  t o  
p lan ted  p ine  s tands .  By 1984, approximately 2 
m i l l i on  a c r e s  of l o b l o l l y  and s l a s h  p ine  
p l a n t a t i o n s  were e s t ab l i shed  on t he se  non-old- 
f i e l d  s t a nds  (u sua l l y  s i te -prepared)  i n  East Texas. 
Systems and procedures a r e  needed t o  p r e d i c t  t h e  
f u t u r e  s t and  s t r u c t u r e s  of t he se  p l an t a t i ons .  

I n  1981, s e v e r a l  p a r t i c i p a t i n g  i n d u s t r i a l  
f o r e s t  landowners i n  East Texas and t h e  School of 
Fo re s t ry  s t a r t e d  a comprehensive long-term s tudy  
of growth and y i e l d  - The East  Texas Pine 
P l an t a t i on  Research P ro j ec t .  

1' Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l an t a ,  Georgia, 
November 7-8, 1984. 

OBJECTIVES 

The b a s i c  ob j ec t i ve s  of t h e  p r o j e c t  a r e :  
1 )  Develop i nd iv idua l  t r e e  content  

p r ed i c i t on  equat ions.  
2 )  Quantify s i t e  p roduc t i v i t y .  
3 )  Determine t r e e  s u r v i v a l  equa t ions .  
4) Develop b a s a l  a r e a  growth func t ions .  
5 )  Compute i nd iv idua l  t r e e  he ight  growth 

equa t ions .  
6 )  Develop procedures t o  recover  s t and  

s t r u c t u r e  parameters. 
7) Determine e f f e c t s  of th inn ing  on 

s tand  s t r u c t u r e .  

I n  a d d i t i o n ,  s e v e r a l  ad junc t  research  
p r o j e c t s  a r e  being conducted a s  p a r t  of t h e  East  
Texas s tudy  a s :  

1)  Determine t he  r o l e  of non-planted 
vege t a t i on .  

2 )  Quantify t he  occurrence of fus i form 
r u s t .  

3)  Charac te r ize  t h e  s o i l .  
4) Describe t h e  q u a l i t y  of t h e  p lan ted  

t r e e s .  

Since t h i s  i s  a  long-tern p r o j e c t ,  
modi f ica t ions  and changes i n  p r o j e c t  goa ls  and 
ob j ec t i ve s  w i l l  probably occur. 

2' Professor ,  Associate  Professor  and Graduate 
A s s i s t a n t ,  r e spec t i ve ly ,  School of  Fo re s t ry ,  
Stephen F. Aust in S t a t e  Univers i ty ,  Nacogdoches 
Texas, 75962. 



F o r  each of t h e  two spec i e s ,  t h e  permanent 
p l o t s  a r e  d i s t r i b u t e d  over East  Texas, s o  t h a t  
they camprehensively sampled: 

I )  Geographic range. 
2) S o i l  c l a s s e s .  
3) Age c l a s s e s .  
4)  S i t e  p roduc t i v i t y  c l a s s e s ,  
5) Surviving t r e e s  per  a c r e  c l a s s e s .  

Vhen a p l a n t a t i o n  was l oca t ed  t h a t  f i l l e d  a 
"nichew' i n  t h e  above l i s t ,  i t  a l s o  had t o  meet t h e  
following sampling c r i t e r i a :  

1 )  Recognizable a s  a  p l a n t a t i o n .  
2)  Not an  o l d  f i e l d .  
3) Pure spec i e s .  
4) Not r ep l an t ed .  
5 )  Unthinned. 

When t h a t  l i s t  of requirements  was met, t h e  
p l o t  i t s e l f  was l oca t ed  w i th in  t h e  p l a n t a t i o n  s o  
t h a t  : 

1 )  There were no imbedded windrows. 
2) There were no "unusually la rge"  

openings. 
3) It was f r e e  of overtopping r e s i d u a l  

t r e e s .  

A p l o t  c o n s i s t s  of two ad jacent  subp lo t s  - 6 0  
f e e t  a p a r t .  Each subplo t  was 100 f e e t  square 
(10 ,000  square f e e t ) .  One subplo t  w i l l  remain 
unthinrred throughout t h e  l i f e  of t h e  p l a n t a t i o n ,  
and t h e  o the r  subplo t  w i l l  even tua l l y  r e ce ive  
o p e r a t f o n a l  th inn ings .  A f l i p  of a  co in  decided 
which subplot-to-remain-unthinned. A 30-foot 
b u f f e r  w i l l  be pa in ted  around t h e  subplot-to- 
remain-unthinned t o  p r o t e c t  i t  aga in s t  i nadve r t en t  
harvest o r  d i s turbance .  

E a c h  p lan ted  t r e e  w i t h i n  a  subplo t  was tagged 
wi th  a numbered aluminum t a g  and eva lua ted  t o  
f i n d  : 

1) Dbh ( t e n t h  of i nch ) .  
2) To t a l  t r e e  he igh t  ( f e e t ) .  
3 )  Height t o  l i v e  crown ( f e e t ) .  
4 )  Crown c l a s s .  
5 )  Tree q u a l i t y  c h a r a c t e r i s t i c s .  
6 )  Incidence of fus i form r u s t .  

These va lue s  were combined w i th  g e n e r a l  
information about  t h e  p l a n t a t i o n  t o  ob t a in :  

;) Plan t a t i on  age (years ) .  
2)  Planted t r e e s  pe r  acre .  
3) Surviving t r e e s  per  a c r e .  
4 )  Average t o t a l  t r e e  he igh t  ( f e e t ) .  
5) S i t e  p r epa ra t i on  methods. 
6 )  Topography. 
7 )  Drainage. 

FCTURE PLANS 

I n  t h e  f u t u r e ,  each p l o t  w i l l  b e  remeasured 
s e v e r a l  t imes t o  analyze t h e  changing s t and  
s t r u c t u r e  over time. Beginning i n  1985, t h e  
p l o t s  i n s t a l l e d  i n  1982 w i l l  be remeasured. Then, 
t h e  1983 p l o t s  w i l l  be remeasured i n  1986 and t h i s  
sequence w i l l  continue u n t i l  f i n a l  h a r v e s t .  

The remeasurement d a t a  w i l l  be used  t o  
c l a s s i f y  s i t e  p roduc t i v i t y  and develop s t and  
s t r u c t u r e  parameters. Moreover, when o p e r a t i o n a l  
th inn ings  occur,  "before and a f t e r "  obse rva t i ons  
w i l l  be recorded.  A continuous e f f o r t  w i l l  be 
needed t o  prevent  t h e  premature d e s t r u c t i o n  of 
t he se  permanent p l o t s .  

A s  t h e  d a t a  f i l e s  become more and more 
comprehensive due t o  t he  c o l l e c t i o n  of remeasure- 
ment d a t a ,  app rop r i a t e  ana lyses  w i l l  be  conducted 
t o  meet t h e  ob j ec ive s  of t h e  p r o j e c t .  To ach ieve  
t h e s e  goa l s ,  a  long-term conmitment by t h e  School 
of Fo re s t ry  and t h e  p a r t i c i p a t i n g  f o r e s t  
i n d u s t r i e s  i n  East Texas must be maintained.  

For v e r y  young p l an ra t fons ,  i t  was no t  pos s ib l e  t o  
o b t a i n  a l l  t h e  va lue s  f o r  each t r e e .  



CIIERBYBAm OAR BEVELOPmNT I N  NATURaL MIXED 

OAK- SWEETGUM STANDS--PEEL IMLNARY RESULTS-~! 

Wayne M e  Cla t te rbuck ,  John D. Hodges 

and E. C, ~ u r k h a r d g j  

Abstract.--Development of cherrybark oak was s t u d i e d  
o v e r  a  range of s t a n d  d e n s i t i e s  and ages t o  de te rmine  s t a n d  
c o n d i t i o n s  which i n f l u e n c e  t h e  growth of q u a l i t y  t r e e s .  
Study was l i m i t e d  t o  mixed, o l d - f i e l d  s t a n d s  of sweetgum and 
cher rybark  oak i n  t h e  minor bottoms of c e n t r a l  M i s s i s s i p p i ,  
Of 150 t o t a l  p l o t s ,  stern a n a l y s i s  was conducted on 153 t r e e s  
on 31 p l o t s .  The r e s u l t s  of t h e s e  a n a l y s e s  i n d i c a t e  t h a t  t h e  
p a t t e r n  of development is inf luenced by spacing and two 
g e n e r a l  p a t t e r n s  a r e  d i s c e r n i b l e .  The f i r s t  occurs  a t  
average spac ings  g r e a t e r  than  18 f e e t  be tween dominant and 
codo~ninant  t r e e s ,  o r  when t h e  cherrybark oak is  o l d e r  than  
sweetgum. S ince  t h e r e  i s  l i t t l e  i n f l u e n c e  f r m  a d j a c e n t  
sweetgum t r e e s ,  crown spread  of t h e  cher rybark  oak is  
a c c e l e r a t e d .  Under t h e s e  c o n d i t i o n s  merchantable  l e n g t h s  of 
l e s s  t h a n  1.5 l o g s  and d iameters  of 18 t o  2 2  inches  a r e  
a t t a i n e d  i n  a  40-year r o t a t i o n .  At narrower average spac ings  
t h e  cher rybark  oak h e i g h t  curve  is  sigmoid-shaped. The 
cherry'oark oak i s  i n i t i a i i y  s h o r t e r  than  t h e  sweetgum, bu t  i s  
a b l e  t o  s u r p a s s  t h e  sweetgum i n  t o t a l  h e i g h t  w i t h i n  15 t o  25 
y e a r s  of age ,  With t h i s  developmental p a t t e r n ,  one  may 
expec t  long c l e a r  b o l e s  of 2.5 t o  3.0 l o g s  and d iameters  o f  
22 t o  24 i n c h e s  over  a  r o t a t i o n  of 60 years .  A comparison of 
each p a t t e r n  of  development i n  terms of l o g  grade  is  
d i s c u s s e d .  

INTRODUCTION 

There is  widespread concern wi th  t h e  f u t u r e  
s t a t u s  of oak ( ~ i e r c u s  spp.)  s t a n d s  i n  t h e  
e a s t e r n  United S t a t e s .  Once t h e s e  s t a n d s  a r e  
c u t ,  they  a r e  n o t  r e g e n e r a t i n g  t o  oak i n  
s u f f i c i e n t  numbers. Numerous s t u d i e s  have 
i n v e s t i g a t e d  n a t u r a l  and a r t i f i c i a l  r e g e n e r a t i o n  
techniques  and in te rmedia te  t r e a t m e n t s  t o  ensure  
oak es tab l i shment  and growth. However, l i t t l e  
is known about  t h e  development of sou thern  oaks 

I / ~ a p e r  presented a t  t h e  Thi rd  B i e n n i a l  Southern 
S i l v i c u l t u r a l  Research Conference, At1 a n t a ,  
Georgia, Noventber 7-8, 1984, Contr i b u t i o n  No. 
5980 of t h e  M i s s i s s i p p i  Agricul . tural  and 
F o r e s t r y  &periment S t a t i o n .  

LIThe a u t h o r s  a r e  Research A s s i s t a n t  and 
Professor ,  Department of F o r e s t r y ,  M i s s i s s i p p i  
A g r i c u l t u r a l  and F o r e s t r y  Experiment S t a t i o n ,  
M i s s i s s i p p i  S t a t e  Univers i ty ,  M i s s i s s i p p i  
S t a t e ,  HS 39762 and Consul t ing F o r e s t e r ,  
Vicksburg, MS 39180. 

from s e e d l i n g  t o  matur i ty  i n  mixed s p e c i e s  
s t a n d s .  A thorough understanding of  t h e  
development of t h e s e  s t a n d s  i s  needed t o  
p r e s c r i b e  s i l v i c u l t u r a l  t rea tments  which enhance 
t h e  oak component n o t  only dur ing  t h e  r o t a t i o n  
bu t  a l s o  i n  i n i t i a l  regenera t ion  e f f o r t s .  

The o b j e c t i v e  of t h i s  s tudy  i s  t o  
c h a r a c t e r i z e  t h e  development of cher rybark  oak 
(Quercus f a l c a  t a  v a r .  Eagodi fo l ia  ~ l l .  j i n  mixed 
oak-sweetgum (Liquidambar s t g r a c i f l u a  L , )  s t a n d s  
and t o  use  t h i s  c h a r a c t e r i z a t i o n  t o  de te rmine  
t h e  c o n d i t i o n s  which promote t h e  growth of  
q u a l i t y  cher rybark  oak trees. The r e s e a r c h  i s  
confined t o  o ld- f ie ld ,  even-aged s t a n d s  on t h e  
minor bo t tms of c e n t r a l  M i s s i s s i p p i .  Minor 
bottoms a r e  t h o s e  f l o o d p l a i n s  and t e r r a c e s  & e r e  
t h e  s o i l s  a r e  of l o c a l  o r i g i n  (Hodges and 
Switzer  1979). Oaks tend t o  dominate t h e s e  
s t a n d s  a t  m a t u r i t y  even though they a r e  l o s t  
among t h e  more numerous swee tgum dur ing  t h e  
s e e d l i n g  and s a p l i n g  s t a g e s .  



PROCEDURES 

Stamds  conta in ing  mixtures  of cher  rybark 
oak an& sweetgm were l o c a t e d  a t  var ious  
deve lopmenta l  s t a g e s ,  d e n s i t i e s ,  and ages from 6 
t o  80 years  o l d .  There were 150 p l o t s  
es tab l i sRcrd  with a t  l e a s t  t e n  p l o t s  per  ten-year 
age i n t e r v a l .  The number of p l o t s  was skewed 
toward t 3 e  younger age c l a s s e s  because t h e  most 
rap id  c%anges i n  s t a n d  development occur  a t  
t h e s e  a g e s .  An i n d i v i d u a l  cher rybark  oak t r e e  
served a s  t h e  c e n t e r  of t h e  p l o t ,  P l o t  s i z e  was 
v a r i a b l e  ranging from 0.02 t o  0.20 a c r e ,  and 
i r r e g u l a l  because t h e  p l o t s  were based on 
i n d i v i d u a l  cher rybark  oak  t r e e s ,  The o t h e r  p l o t  
t r e e s  a c e  those  t h a t  a r e  i n t e r a c t i n g  w i t h  o r  
i n f l u e n c  zing t h e  development o f  t h e  cher  rybark 
oak s u b j e c t  t r e e s .  An i n t e r a c t i n g  t r e e  is  
d e f i n e d  a s  any a d j a c e n t  t r e e  whose crown i s  
touching t h e  crown of t h e  s u b j e c t  t r e e  o r  whose 
crown is above o r  below t h e  d r i p  l i n e  o r  edge of  
t h e  s u b j  e c t  t r e e  crown (Smith and Lamson 1983). 
At l e a s t  75 percen t  of t h e  t r e e s  a d j a c e n t  t o  t h e  
cherrybal 'k  oak had t o  be sweetgum f o r  t h e  p l o t  
t o  be  c o n s i d e r e d .  

The fol lowing d a t a  were recorded f o r  each 
t r e e  on t h e  p l o t :  

I .  s p e c i e s ,  

2. DBH, 

3 .  crown c l a s s ,  

4 ,  t o t a l h e i g h t ,  

5. h e i g h t  t o  base of l i v e  c r a m  o r  
merchantable h e  igh t , 

6.  d i s t a n c e  and azimuth from t h e  
cher rybark  oak s u b j e c t  t r e e ,  and 

7, damage code ( l i g h t n i n g  , canker  , 
beaver ,  s p l i t ,  e t c . ) .  

On t h e  cherrybark oak s u b j e c t  t r e e  and t h e  
dominant and codominant i n t e r a c t i n g  t r e e s  
a d d i t i o n a l  measurements were taken  inc lud ing  : 

1, crown width i n  two d i r e c t i o n s ,  
north-south and east-wes t,  

2. t o t a l  age from increment  c o r e s  a t  
one-foot stump h e i g h t ,  and 

3. number o f  16-foot sawlogs and t h e i r  
grades.  

Basal  a r e a  of each p l o t  was t aken  six f e e t  due 
n o r t h  of: t h e  s u b j e c t  t r e e  wi th  a 10-factor  
prism. S i t e  index ( a t  50 y e a r s )  f o r  cher rybark  
oak on e h e  s tudy  a r e a s  ranged from 90 t o  11 5 
f e e t  a c c o r d i n g  t o  Broadfoot ' s  (1961) s i t e  index 
curves.  

The dwelopment of mixed ~&-=swe e t g m  
s t a n d s  was e-~aluated by a coinbination of the 
chronosequence and stem anaLys is  techniques, k 
chronosequence is a s e r f e s  of s t a n d s  which are 
of d i f f e r e n t  ages, but are  assumed t o  be similar 
in appearance &en at the same age (Oliver 
1982). Its use Fnfers tka",the ra@;asllrment of 
s e v e r a l  s t ands  on similar s i t e s ,  bu t  at 
d i f f e r e n t  ages, yields results equivalent to 
successive masuremenrs  of one stand over a 
period of years, Stem ana lys i s  recons trucrs 
p a s t  t r e e  development by counting and measuring 
t r e e  r i n g s  along the  main stem and current 
branches. By ana lyz ing  several adjacent trees, 
one can a s s e s s  how a t r e e  develops in height, 
diameter ,  and crown dimension In relation t o  
ne&lr'Do r i n g  t r e e s .  T%e stem a n a l y s i s  p r c r e d u r e  
followed t h e  method of Duff and Nolan (L953), 
One hundred f i f t y  t h r e e  t r e e s  on 3 1  p l o t s  w e r e  
stem analyzed.  The coar"oination sf t h e s e  two 
t echniques  p e n n i t s  s t a n d s  to be r e c o n s t r u c t e d  as  
w e l l  a s  p r o j e c t e d  forward i n  t h e ,  

Regress ion  equa t ions  were developed from 
t h e  p l o t  and stem a n a l y s i s  d a t a  t o  d e s c r i b e  
h e i g h t ,  d i m e  t e r ,  and merchantable  h e i g h t  
r e l a t i o n s h i p s  f o r  cher rybark  oak and adjacent 
sweetgum t r e e s ,  Only daminant and codominant 
t r e e s  of both s p e c i e s  were used excep t  for the 
heigh t-age curves which included i n t e m e d i a t e  
and overtopped swee tgum t r e e s ,  By apply ing  
t h e s e  equa t ions ,  t h e  r e s p c r  i v e  total. he igh t s ,  
merchantable h e i g h t s ,  and diameters a t  
p a r t i c u l a r  ages a r e  obtained and t he  p t t e r n  of 
development of an average t r e e  is c o n s t r u c t e d  
(Bolsoe 1347) .  At a g iven  age,  log g r a d e s  were 
ass igned  us ing  pred ic ted  diameter  growth o r  the 
amount of c l e a r  wood d e p o s i t &  over  t h e  krrotty 
core .  The b o t t y  c o r e  is t h e  wood d e p o s i t e d  
b e f o r e  t h e  b o l e  b e c m e s  c l e a r  s f  branches,  i , e , ,  
before  t h e  branches are shed and add i t iona l  
d iameter  growth begins t o  h e a l  over t h e  s c a r s  
l e f t  by l o s t  branches. Diameters o u t s i d e  bark 
f o r  each merchantable  h e Q h t  were B e t e m i n &  
from t a p e r  c a l c u l a t i o n s  using form c l a s s  80 -  

RESULTS AND DISCUS SLON 

P a t t e r n s  of D i m e t e r  Growth 

F i g u r e  1 i l l u s t r a t e s  the emulative 
diameter  growth p a t t e r n s  for dominant and 
codominant c h e r q b r k  o&. and ad J a c e n t  smetgm 
t r e e s ,  The b e s t  equa t ion  for each s p e c i e s  was a 
l o g a r i t h m i c  f u n c t i o n  f o r  c ' he rqh rk  a& and a 
s t r a i g h t  l i n e  r e g r e s s i o n  f o r  sweetgum w i t h  
coef f i c i e n t  of d e t e n n l n a a o n  (IX2) of 0-88 and 
0 , 7 6 ,  r e s p e c t i v e l y .  Sweetgum has a steady 
d i m e t e r  growth p a t t e r n  of 1,s i n c h e s  per 
decade, whi le  t h e  d i m e t e r  growth s f  c h e r r y b a r k  
oak Is i n i t i a l l y  s lower than  sweetgm, but  i t s  
r a t e  of d iameter  grokTLh i n c r e a s e s  wi th  age t o  5 
inches pe r  decade a t  age 60, Perhaps one of the 
most s t r i k i n g  d i f f e r e n c e s  b e t w e n  d iameter  
growth p a t t e r m  of t h e s e  two s p c i e s  is  tha t  
cher rybark  oak h a s  t h r e e  t imes t h e  d iameter  
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Figure  I,--Cumulative d iameter  growth p a t t e r n s  
of cher rybark  oak and sweetgum i n  t h e  minor 
bottoms of c e n t r a l  M i s s i s s i p p i .  

growth r a t e  of swee tgm a f t e r  age 40 .  Thus, 
cher rybark  oak h a s  more d iameter  accumulat ion 
than  t h e  a d j a c e n t  swee t g m  t r e e s .  

Stand d e n s i t y  i s  known t o  i n f l u e n c e  t h e  
d iameter  growth of t r e e s ,  however c o r r e l a t i o n s  
of cher rybark  oak d i m e t e r  growth t o  s e v e r a l  
compet i t ion  i n d i c e s  (Brown 1965 ; Gerrard 1969; 
Hegyf 1473) and t o  p l o t  b a s a l  a r e a  were n o t  
s i g n i f i c a n t  . Two reasons  a r e  pos tu la ted  f o r  
t h i s .  F i r s t ,  no form of compet i t ion  index h a s  
been able t o  t o t a l l y  e x p l a i n  m t h e m t i c a l l y  t h e  
s p c i n g  r e l a  t i o n s h i p  between a d j a c e n t  t r e e s  and 
its e f f e c t  on diameter  growth (Johnson 1973) .  
Second, s i n c e  o i l y  dominant and codominant t r e e s  
were used i n  t h e  compi la t ion  of equa t ions ,  
n e i t h e r  s t a n d  d e n s i t y  n o r  b a s a l  a r e a  had much 
e f f e c t  on t h e s e  t r e e s  a l r e a d y  i n  t h e  upper crown 
c l a s s e s ,  

Height  Growth P a t t e r n s  

The height  growth p a t t e r n s  s f  cherrybark 
oak and sweetgino f f e  shown by crown c l a s s  i n  
Figures 2A and 2B*- These two f i g u r e s  a r e  t h e  
same except f o r  t h e  i n t e m e d i a t e  swee tgm curve.  
The i n t e m e d i a t e  sweetgum i n  Figure 2A 
r e p r e s e n t s  a tree t h a t  ws always below t h e  
canopy, even b e f o r e  crown c l a s s  d i f f e r e n t i a t i o n  
of t h e  s tand .  The i n t e m e d i a t e  curve i n  F i g u r e  
2B denotes  a t r e e  t h a t  was a member of t h e  

?/%ere was i n s u f f i c i e n t  d a t a  t o  d e r i v e  meaning- 
f u l  equa t ions  f o r  t h e  i n t e m e d i a t e  and over- 
topped crown c l a s s e s  o f  cher rybark  oak, 

AGE (yrs) 

AGE (yrs)  

Figure  2 .--Height-age curves f o r  d i f f e r e n t  crown 
c l a s s e s  of cher rybark  oak and sweetgum on t h e  
minor bo t tms of c e n t r a l  M i s s i s s i p p i ,  F igures  
2A and 2B show d i f f e r e n t  curves f o r  intenne-  
d i a t e  sweetgum, Note t h a t  S1 s t a n d s  f o r  t h e  
site index  gu ide  curve which is  a conpos i te  of 
t h e  dominant and codominant crown c l a s s e s .  

Legend : - Dominant and codominant cherry-  
bark  oak (CBO-ST) . . . . . Dominant and cod d n a n t  swee tgum 
(SGM-SI) 

+++++ I n t e r m e d i a t e  swee tgm (SGM-I) 
***** Overtopped sweetgum (SGM-0) 



canopy before t h e  crowns d i f f e r e n t i a t e d ,  bu t  
became j n t e m e d i a t e  a f  t e r  crown d i f f e r e n t i a t i o n .  
The c o e f f i c i e n t s  of de t e r n i n a t i o n  f o r  each of 
t h e  cu m e s  a r e  0.35 f o r  t h e  dominant and 
codominsnt  c h e r q h r k  oak, 0.93 f o r  dominant and 
codominant  sweetgum, 0 ' 8 4  f o r  i n t e r m e d i a t e  
s w e e t g m  i n  F i g u r e  2A and 0.86 i n  F i g u r e  2B, and 
0.83 f o x  overtopped swee tgm.  

He l g h t  growth of dominant and codominant 
c h e r r y b a r k  oak i s  c h a r a c t e r i z e d  by a sigmoid 
g r o a h  curve r e p r e s e n t i n g  a per iod  of slow 
i n i t i a l  growth, followed by a term of r a p i d  
growth, and then  an  extended per iod  of s lower 
but  st 5-11 a p p r e c i a b l e  growth, I n i t i a l l y ,  t h e  
j u v e n i l e  growth of swee tgm i s  g r e a t e r  than  t h a t  
of c h e r r y b a r k  oak, However, by age 2 3  
c h e r r y b a r k  oak i s  a b l e  t o  ca tch  and s u r p a s s  t h e  
h e i g h t  a t t a i n e d  by sweetgum. The i n t e r s e c t i o n  
of t h e  dominant and codominant curves  of 
c h e r r y b a r k  oak occurs  f o r  two reasons:  a 
slowdowm i n  t h e  r a t e  of sweetgum h e i g h t  growth 
coupled with a r a p i d  i n c r e a s e  i n  t h e  h e i g h t  
growth r a t e  of cher rybark  oak. A f t e r  t h e  
i n t e r s e c t i o n  both s p e c i e s  e x h i b i t  a p p r e c i a b l e  
h e i g h t  s r o w t h ,  n e v e r t h e l e s s  t h e  d e c e l e r a t i o n  i n  
t h e  r a t e  of h e i g h t  growth i s  g r e a t e r  i n  sweetgurn 
t h a n  c h e r r y b a r k  oak. These p a t t e r n s  of h e i g h t  
growth g e n e r a l l y  enab le  t h e  cher rybark  oak t o  
e x p r e s s  dominance and form a cont inuous canopy 
over t h e  swee tgum i n  mixed oak-swee t g m  s t a n d s  . 

I n  comparison, t h e  h e i g h t  growth p a t t e r n s  
e x h i b i t e d  by cher rybark  oak and sweetgurn a r e  
s i m i l a r  t o  t h e  p rev ious ly  d i scussed  d iameter  
growth p a t t e r n s .  Sweetgurn outgrows cher rybark  
oak i n i t i a l l y ,  but  c h e r r y k r k  oak i s  a b l e  t o  
c a t c h  a n d  surpass  sweetgum i n  both h e i g h t  and 
d i a m e t e r  by age 23. Once cher rybark  oak exceeds 
t h e  h e t g h t  a t t a i n e d  by sweetgum, a d d i t i o n a l  
space  becomes a v a i l a b l e  f o r  crown expansion. 
The corncommitant i n c r e a s e  i n  cher rybark  oak 
crown volume and l e a f  s u r f a c e  i n c r e a s e s  t h e  r a t e  
of d i a m e t e r  growth a s  shown i n  F igure  1. The 
crowns of  t h e  widely spaced oaks a t  f i r s t  appear  
i s o l a t e d  among t h e  numerous sweetgum s tems ,  bu t  
they  erne r g e  i n t o  t h e  upper  canopy and e v e n t u a l l y  
meet to form a con t inuous  overs to ry .  The 
emergenee  of oaks i n t o  t h e  o v e r s t o r y  and t h e  
e x p a n s i o a  of t h e i r  crowns c r e a t e  a two-tiered 
s t a n d  WL t h  cher rybark  oak i n  t h e  o v e r s t o r y  and 
s w e e t g m  i n  t h e  mid-canopy. Of course  t h e r e  a r e  
a few dominant  swee tgm i n  t h e  o v e r s t o r y ,  bu t  
g e n e r a l l y  oaks dominate. Swee tgum r e m i n s  
u n d e r n e a t h  t h e  oak and cont inues  t o  d e c l i n e .  
Wolsoe ( 1 9 4 8 )  and Scholkz (1948) found s i m i l a r  
r e s u l t s  e t h  n o r t h e r n  red oak (Quercus r u b r a  L.) 
s tands .  Northern red  oak h a s  t h e  c a p a c i t y  t o  
emerge Fmto t h e  o v e r s t o r y ,  spread i t s  crown, and 
consequemtly crowd o u t  more t o l e r a n t  s p e c i  e s  . 

Merchantable Height  

curves a r e  p resen ted  i n  F igure  3 a n d  t h e  R~ 
v a l u e s  a r e  0.88 f o r  cherrybark oak and  0.65 f o r  
sweetguhn. A decrease  i n  t h e  r a t e  of 
m r c h a n t a b l e  h e i g h t  development might be 
expected w i t h  i n c r e a s e s  i n  t o t a l  h e i g h t ,  because  
2erchantabTe h e i g h t  growth r a t e  would n a t u r a l l y  
decrease  once crown expansion occurs  and t o t a l  
h e i g h t  growth r a t e  begins t o  d e c l i n e .  The more 
o r  l e s s  s t r a i g h r .  Lines of both s p e c i e s  f o r  t h e  
merchantable he igh  t - t o t a l  h e i g h t  graph i n d i c a t e  
t h a t  merchantable  h e i g h t  development p a r a l l e l s  
t h a t  of t o t a l  h e i g h t ,  which is a sigmoid cume 
as  explained e a r l i e r ,  Thus, as the  t o t a l  h e i g h t  
growth r a t e  d e c l i n e s ,  so does t h e  merchantab le  
h e i g h t  growth r a t e ,  

Cherrybark Oak Development and Log Grade 

The development p a t t e r n  of a n  average  
cherrybark oak t r e e  a s  dep ic ted  by t h e  g r a p h s  i n  
F igures  1, 2 ,  and 3 is  presen ted  i n  Table  1, 
The fol lowing d i s c u s s i o n  w i l l  r e f e r  t o  t h e  b u t t  
l o g ,  second l o g ,  and t h i r d  log  a s  s u c c e s s i v e  
16-foot c l e a r  bo le  l e n g t h s  above a two-foot 
stump (merchantable h e i g h t  column i n  Table  1).  
Each log  was eva lua ted  i n  terms of d i m e t e r  
growth, s i z e  o f  t h e  knot ty  c o r e ,  and 
merchantable  h e i g h t  a t  t h e  time t h a t  t h e  Log 
becomes c l e a r  of branches. Based on t h e s e  
c h a r a c t e r i s t i c s ,  a log grade was ass igned  
fol lowing t h e  U. S. Fores t  Serv ice  s t a n d a r d  
grades  f o r  hardwood logs  (Rast  e t  a l e  1973) .  
Table 1 i n d i c a t e s  t h a t  t h e  t h i r d  l o g  (from 34 t o  
50 f e e t  of merchantable  he igh t )  becomes c l e a r  o r  
f r e e  of branches a t  58 years  o ld .  T h i s  w i l l  be 
used a s  t h e  r o t a t i o n  age f o r  t h i s  d i s c u s s i o n .  

TOTAL WEIGHT C f t l  

I n  t h i s  d i s c u s s i o n ,  merchantable h e i g h t  is 
def ined  a s  t h e  h e i g h t  t o  t h e  base of t h e  l i v e  
crown o r  t h e  h e i g h t  t o  t h e  f i r s t  l i v e  limb i n  
t h e  crowm. The merchantable  heip;ht- total  h e i g h t  

F igure  3 ,--Merchantable h e i g h t - t o t a l  h e i g h t  
growth p a t t e r n s  f o r  c h e r r y h r k  oak and sweet- 
gum on t h e  minor bottoms of c e n t r a l  
M i s s i s s i p p i ,  



Table l ,---The developaent p a t t e r n  of average dominant and csdminan t  c h e r v b a r k  oak trees i n  mixed oak- 
sweetgum stands in central Mississippi, 

The b u t t  log  would n a g u r d i y  be t h e  b e s t  i n  
q u a l i t y  when compared t o  t h e  o t h e r  l o g s  because 
of the  smaller Fmotty core and t he  g r e a t e s t  
accumuLarloa of clear wood on t o p  o f  t h e  Enorty 
core. The k n o t t y  core tn the b u t t  Log has t h e  
shape s f  an Inverted cone with t he  apex at t he  
ground Line and  i t s  base a t  the  s m a l l  end of t h e  
Log, The DBH a t  the t F m  t h e  b u t t  log becomes 
clear i s  3 , 8  inches,  A f t e r  60 years, t h e  
diameter of the tree is almost 23 inches ,  
yielding approximately 20 inches of c l e a r ,  
high-quality wood produced a t  DBR, WFth t h a t  
amount of clear wood a c c m u l a t i o n  and asmrning 
no major defects, t h e  log grade of the  f i r s t  l o g  
would. be a grade one, 

T h e  second Log becmes c l e a r  a t  age  3 2  when 
the  DBH of the t r e e  i s  10,4 inches ,  The knot ty  
c o r e  of the second log is 3 - 0  i n c h e s  a t  t h e  
Large end o f  the log and 5.9 inches  a t  t h e  smaI.1 
end. A t  rotation age the d i m e t e r s  a t  each end 
respectively are  18,3 and 16.5 inches ,  This  is  
s t i l l  a s i g n i f i c a n t  m o u n t  of c l e a r  wood 
acemulat ion,  b u t  n o t  as much as i n  t h e  b u t t  
Log. If t he  second log  i s  d e f e c t - f r e e ,  i t s  
grade w i l l  depend on i t s  f i n a l  size,  The 3-02, 

v i l l  be a grade one i f  t h e  s c a l i n g  d i m e t e r  is  
16 inches or above, OtEtemsr; i t  s a i l 1  be a 
grade two ,  

The t h i r d  Zag becomes c l e a r  j u s t  a t  t h e  
rotation age o f  58 years. Consequently, there 
is l i t t i e  clear wood depos i ted  on t h e  l o g ,  
especially on the u p p e r  8 feet, and t h e  dead 
branch s t u b s  and other defects would still be 
exposed. Thus, the t h i r d  l ag  would only be a 
grade three, A l s o  note  t h a t  it. t a k s  26 y e a r s  
to develop a clear t h i r d  Log, &ereas it took 
o d y  14 years t o  develop t h e  second c l e a r  Log, 
This is primarily due to t h e  d e c l i n i n g  h e i g h t  
groal?.  and merchantable  h e Q h t  growth r a t e s  
exhib i ted  dur ing  t h e  l a t e r  s t a g e s  of 
development, This suggests t h a t  i t  b e c m e s  
i n c r e a s i n g l y  d i f f  i e u l t  t o  ach ieve  g r e a t e r  
merchantable heights and c l e a r  d i m e  t e r  growth 
on the upper logs, 

The development of c l e a r  bo le  length  i n  
cher rybark  oak i s  a process  of crown 
i n t e r a e t i o m  b e m e e n  cherrybark aak and d j a c e n t  
t r e e s .  When t h e  c r o w s  of adjacerAt t r e e s  meet,  
t he  lowest  branches e v e n t u a l l y  d i e  because of 
the  absence of s u f f i c i e n t  Light t o  main ta in  
g r m h ,  The s i d e  branches of a d j a c e n t  t r e e s  
con t inue  t o  grow and meet higher  i n  the tree, 
These t o o  a r e  shed as l i g h t  becomes 
i n s u f f i c i e n t .  This  p rocess  of meeting and dying 
of the Lower branches of t h e  t r e e  crown f o r c e s  a 
h i g h l y  placed crown of small  branches and 
r e s u l t s  i n  a t a l l ,  c l e a r  bo le .  Once t h e  
c h e r q b a r k  oak begins t o  exceed t h e  h e i g h t  of 
swee tgm and over tops  i t ,  t h e  lower branches of 
t h e  cher rybark  oak crown r e c e i v e  enough s i d e  
l i g h t  t o  grow and become l a r g e r  i n  d iameter .  
Th is  crown expansion makes t h e  development of 
a d d i t i o n a l  c l e a r  l e n g t h  l e s s  l i k e l y  because i t  
becomes i n c r e a s i n g l y  d i f f i c u l t  f o r  t h e s e  l a r g e ,  
lower branches t o  be shed and t o  h e a l  over .  The 
now subord ina te  and more numerous sweetgum t r e e s  
s e r v e  t o  keep t h e  cher rybark  oak thoroughly 
pruned, 

Nurnbr of Trees  Per  Acre 

I f  t h e  assumption is  made t h a t  t h e  crown 
wid th  of a t r e e  is t h e  d iameter  of a c i r c u l a r  
zone of growing space  of t h a t  t r e e ,  t h e n  t h e  
a r e a  sf t h a t  c i r c l e  can be c a l c u l a t e d  and t h e  
number of  t r e e s  per  a c r e  of t h a t  s i z e  
a p  pr oxima t ed . Regr e s s i o n  e q u a t i o n s  
c h a r a c t e r i z i n g  c r o m  width and t r e e  d i a e t e r  
were developed f o r  chersybrrrk oak. When t r e e  
d iameters  average 22 inches  t h e s e  c a l c u l a t i o n s  
e s t h t e  t h a t  t h e  i d e a l  s t a n d  w i l l  c o n t a i n  40 t o  
50 cher rybark  oak trees of t h a t  s i z e  per  a c r e .  
These f i g u r e s  should be used w i t h  c a u t i o n  
because they  a s s m e  t h a t  t h e r e  is p e r f e c t  
d i s t r i b u t i o n  of stms. 

Spacing Bettdeen T r e e s  

It i s  d i f f i c u l t  t o  d e t e r n i n e  t h e  p r e c i s e  
s p c i n g  b e m e e n  t h e  cher rybark  oak s u b j e c t  tree 



and ad2 acea t  sweetgam t r e e s  and t h e  e f f e c t  of 
t h a t  s p a c i n g  on t h e  growth and deveLogment of 
t h e  c h e x r y b a r k  oak- T h i s  is  due t o  t h e  v a r i a b l e  
d i s t r i b r j t i o n  of s tems i n  n a t u r a l  s t a n d s ,  and 
because t h e  a d j a c e n t  sweetguq trees a r e  spaced 
a t  d t f f e r e n t  d f s t a n c e s  around t h e  cher rybark  oak 
stem, As s t a t e d  e a r l i e r ,  a t t e m p t s  t o  c o r r e l a t e  
d i a m e t e x  growth and c l e a r  b o l e  l e n g t h  to several 
e x p r e s s  dons of s eand dens i t y  suck a s  plot basal 
a r e a ,  rauniber of i n t e r a c t i n g  t r e e s ,  and s e v e r a l  
c m p e  ti. "tion i n d i c e s  were unrsuccessful,  Within 
t h e  r e a l m  of t h i s  s t u d y ,  t h e  e f f e c t s  of s t a n d  
d e n s i t y  could n o t  be d e t e c t &  s t a t i s t i c a l l y .  

B o w w e r ,  spac ing ,  o r  t h e  d i s t a n c e  from t h e  
c b e r r y m r k  oak s u b j e c t  tree t o  a d j a c e n t  t r e e s ,  
was obse-tved t o  have some i n f l u e n c e  on t h e  
development  p a t t e r n  of t h a t  cherrykzark oak t r e e .  
To e x p l a i n  t h e s e  d i s t a n c e  r e l a t i o n s h i p s ,  a mean 
d i s t a n c e  o r  average spacing b e m e e n  t h e  
c h e r r y b a r k  oak and i n t e r a c t i n g  t r e e s  was 
c a l c u l a  t ed  by measuring d i s t a n c e s  be tween t h e  
bo les  o f  t h e  cher rybark  oak and each i n t e r a c t i n g  
r r e e  a -nd  t ak ing  an average.  These m a n  o r  
a v e r a g e  d i s t a n c e s  r e f l e c t e d  two p a t t e r n s  of 
c h e r r y b a r k  oak developanent . The f i r s t  p a t t e r n  
t a k e s  p l a c e  a t  m a n  d i s t a n c e s  of 6 t o  18 f e e t  
and is t h e  developmental p a t t e r n  prev ious ly  
d e s c r i b e d .  When average spac ing  between t r e e s  
exceeded  18 f e e t ,  a second p a t t e r n  of 
development  was found. This  w i l l  be d i scussed  
i n  t h e  next  s e c t i o n .  I f  mean d i s t a n c e  i s  less 
t h a n  6 f e e t ,  t h e  cher rybark  oak i s  subord ina te  
t o  and u s u a l l y  overtopped by a d j a c e n t  swee tgm 
t r e e s  al lowing l i t t l e  chance of  cont inued 
c h e r r y b a r k  oak growth and s u n r i v a l .  

The d e l i n e a t i o n s  between t h e  p a t t e r n s  of 
development  o c c u r r i n g  a t  6 and 18 f e e t  a r e  n o t  
c o n c r e t e ,  bu t  c o n s t i t u t e  a range of  s e v e r a l  f e e t  
where e i t h e r  p a t t e r n  may occur .  The range of 
a v e r a g e  spacing from 6 t o  18 f e e t  i n  t h e  f i r s t  
p a t t e r n .  of development s e a s  l a r g e ,  T h i s  i s  
because  average spac ing  changes over t i m e .  When 
t h e s e  t r e e s  a r e  young, t h e  average spacing i s  a t  
t h e  s m a l l  end of t h e  range. As cher rybark  oak 
trees i n c r e a s e  i n  volume, t h e  m e r a g e  spacing 
i n c r e a s e s  due t o  t h e  m o r t a l i t y  of t h e  smal le r  
a d j a c e n t  trees. Thus, the range i n  spacing 
e x h i b i t e d  by t h i s  p a t t e r n  of development 
c o n s t i t u t e s  a  p r q r e s s i o n  of m e r a g e  s p c i n g  i n  
t h e  development  o f  cher rybark  oak, 

A Second P a t t e r n  of Development 

A second p t t e r n  of cher rybark  oak 
dwelopsaen t  was d i x o v e r d  i n  2 7  of t h e  156 
p f o t s  and was found t o  occur under two 
s i W a t i . s n s .  These p l o t s  had c h e r r y b r k  oak 
t r e e s  t h a t  were 3 t o  5 y e a r s  o l d e r  than  the  
a d j a c e a x  swee tgm t r e e s  a n d / o r  had d m i n a n t  and 
c o d m i n a n t  t r e e s  t h a t  were spaced g r e a t e r  than  
18 f e e =  f r m  t h e  cherry 'wrk oak s u b j e c t  tree, 
I n  e i t h e r  c a s e ,  t h e r e  a r e  few, i f  any adjacent 
t r e e s  t h a t  a r e  d i r e c t l y  i n f l u e n c i n g  the g r m k ,  
form, a n d  d e v e l o p e n t  of t h e  cher rybark  oak. 
C h e r r y b r k  oak e i t h e r  had a  head s t a r t  i n  g r m h  

over adjacent.  t r e e s  so t h a t  i t  "n6 % height and 
diameter  advantage o r  adjacent trees were spaced 
so f a r  away that no in t e r ac t ing  stems Influenced 
the growth of the s u b j e c t  t ree ,  

&%en compared to the first pa t te rn  of 
development, these more or Less open-grown trees 
have s h o r t e r  merchantable l e n g t h s ,  earlf  er 
timing of crown expansion and increased diameter 
growth r a t e s  over a s h o r t e r  period of t h e ,  
m e r e a s  ad jaeent interacting stems force a 
h i g h l y  placed crom and long merchantable 
l e n g t h s ,  t h e  Lack of these interacting trees 
al lows c r o m  expansion a t  an earlier age and 
s h o r t e r  merchantable  h e i g h t s  because t h e  Lower 
crown branches a r e  r e t a i n e d  f o r  a Longer p e r i o d  
of time, Diameter growth ra te  increases at an 
e a r l i e r  stage of development ref Lecr ing the 
e a r l i e r  t iming  of c r o m  expansion, 

D i m e t e r  and h e i g h t  equa t ions  and graphs  
were n o t  f o m u l a t e d  because of t h e  s m a l l  sample 
s i z e  of 27 p l o t s .  However, i t  should be noted  
t h a t  a second p a t t e r n  of development o c c u r s  i n  
t h e s e  mixed s t a n d s  and map be a management 
a l t e r n a t  i v e  which bears  f u r t h e r  Fnves t i g a t  i on ,  
Pre l iminary  r e s u l t s  from the  27 p l o t s  i n d i c a t e  
t h a t  t h e s e  free-to-grow, widely spaced 
cher rybark  oaks a t t a i n  t o t a l  h e i g h t s  of 80 t o  90 
f e e t ,  d iameters  of 18 t o  2 %  i n c h e s ,  and 
merchantable  h e i g h t s  of 16 t o  24 f e e t  in 40  
years ,  Observat ions suggest t h a t  the l a g  grade 
of t h e  o n l y  merchantable log i n  this pattern 
would be a grade  one, A p p r o x h a t e l y  40 t o  50 
crop t r e e s  per  a c r e ,  t h e  same number as the 
f i r s t  p a t t e r n  of development, m y  be grown in 40 
pears  i f  d i s t r i b u t i o n  is  adequate,  

The p a t t e r n  s f  oak development j u s t  
descr ibed  i s  cmmonly r e f e r r e d  t o  as  " b u t t  I sg  
forestryP-n t h e  United S t a t e s  and " f i re  growth" 
i n  Grea t  B r i t a i n  ( Job l ing  and Pearee 1977), The 
f r e e  growth method i s  a v i a b l e  t echnique  used i n  
Europe t o  s t i m u l a t e  vigorous c r o m  development 
i n  o r d e r  t o  ach ieve  maximum d i a q e t e r  iacrmenr 
i n  indr iv idwl  t r e e s ,  The application of the  
f r e e  g r o w h  technique  r e s u l t s  i n  a h igh-qua l i ty  
veneer  l o g  i n  a s h o r t  per iod  of t k e ,  

Two p a t t e r n s  o f  cher rybark  oak tree 
development were recognized in mixed 
oak-sweetgm stands on the minor bttrrms of 
c e n t r a l  Mississippi, The first p a t t e r n  occurs 
a t  average s p c i n g s  s f  6 to 18 f e e t  with 
eher rybark  oak averaging 2% t o  24 inches i n  
d % m e t e r  and having merchantable heights of 2-5 
t o  3 - 0  l o g s  in 60 years ,  A m a j o r i t y  of the 
p f o t s  in the s tudy  followed this p a t t e r n  of 
development, This  de~relopmeat p a t t e r n  has been 
document& i n  several miwed. species s t ands  of 
both hardwood and c o n i f  e rous  specPes {Oliver 
1978; Scholz 1948; Wbeman and Oliver l.979). h 
second development pa t t e rn  was found where 
ei ther  the e h e r v b r k  o& was a few years older 
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MODELING EFFECTS OF MIPROTATION FERTILIZATION 

ON SLASH PINE PTASTATION 

1 / DlA,"UETER DISTRIBUTIONS - 

2 / R. 0. Lynch, A. V. Mollitor, and N. Be Cornerford - 

Abstract.--In 1974, The Cooperative Research in Forest 
Fertilization (CRIFF) program established 11 fertilization 
experiments in mid-rotation slash pine plantations in Flori- 
da, Georgia, and Alabama. Factorial combinations of nitrogen 
and phosphorus were applied. Trees were measured at 0, 3, 5, 
and 8 years after treatment. For each study site a fertili- 
zer response model system was developed to predict stand 
structure changes over time and with fertilizer treatment. 
The model systems have two major components, Changes in 
stocking are related to initial stocking and time. Changes 
in diameter distributions are estimated by predicting changes 
in Weibull-distribution b and c parameters associated with 
changing time and fertilizer treatment. The models may be 
used to predict fertilization effects on stand composition by 
various tree product classes. Results may be used to conduct 
economic analyses of responses on sites representative of 
broad soil groups. 

INTRODUCTION 

For nearly 20 years, the Cooperative Research 
in Forest Fertilization (CRIFF) program at the 
University of Florida has been studying two basic 
types of pine plantation fertilization: time-of- 
planting fertilization and mid-rotation fertiliza- 
tion. Many young plantings respond dramatically 
to phosphorus (P) and should be fertilized as 
close to planting time as possible. Many sites, 
however, that would show only moderate response to 
early P fertilization will respond favorably to 
nitrogen (N) and/or N + P fertilization when 10 to 
20 years old. This mid-rotation fertilization can 
be attractive in that the time between investment 
and return is considerably less than an entire ro- 
tat ion e 

The primary objective of sfash pine  (Pinus 
elliottii var. elliottii) plantation management on 
the lower coastal plain of the southeastern U-S, 
had for many years been production of fiber for 
use in the manufacture of pulp and paper. More 
recently, with a large value differential between 
wood used for fiber and wood used in solid-wood 
products, there has been increased interest in 
developing ways to increase production of chip- 
and-saw logs, sawtimber, and veneer logs from 
slash pine plantations. The CRIFF program has 
many mid-rotation fertilization experiments that 
have been routinely analyzed to determine fertili- 
zation effects on total volume (fiber) yields* 
Data from one series of these experiments were re- 
analyzed to examine fertilization effects on stand 
structure and how this might affect yields of 
trees in various size classese 

L'~aper presented at Southern Silvicul tural This paper describes the stand structure mad- 
Research Conference, Atlanta, Qorgia, November els and provides a few examples of how Eertiliza- 
7-8, 1984. tion affects diameter distributions* The paper in 

these proceedings by Dippon and Munson illustrates 
Z/~uthors are, respectively, uses of the models in economic analyses* 

Statistician, Assistant Professor, School of 
Forest Resources and Conservation, and 
Assistant Professor, Forest Soils, University 
of Florfda, Gainesville, Florida. 



METHODS 

Data Base 

Eleven mid-rotation fertilization experiments 
were installed in 1973 and 1 9 7 4  in slash pine 
plantations ranging in age from 9 to 16 years, 
These tests spanned a wide range of soil and site 
conditions, At each Icctrtvioa an N x P factorial 
was installed in a randomized block design, Three 
blocks were defined as high, medium, and Low basal 
area strata, Four rates of N and two rates of I? 
were included in the factorial: 

:13 Rate P Rate 

Three replications of this 4 x 2 factorial occu- 
pied 24 plots at each location. Diameters of all 
trees were measured at 0, 3, 5, and 8 years after 
treatment, 

Four af the 11 study sites were selected to 
illustrate operation of this diameter distribution 
model system (Table I). Test 8211 is a poorly 
drained flatwoods Spodosol* B220 is on a somewhat 
poorly drained soil with an argillic (clay) hori- 
zon at about 30 inches. 8227 is on a very poorly 
drained, heavy-textured, P-deficient flat. Test 
B230 is on an excessively drained sandhill site. 

Table 1.--Pour study locations used to illustrate 
diameter distribution model system. 

Test Location 
Initial 

Soil k e  

321 1 Nassau Co, PL Typic Haplohumod 16 

B220 CaLhoun Co. FL Grossarenic Palcaquult 9 

B227 Gulf Go* FL Typic Albaquult 13 

B230 %dison Co, PL Typic Quartzipsamment 13 

Survival Model 

A separate survival model, of the type sug- 
gested b y  Pienarr and Shiver (1981) was developed 
f o r  each Potation, Because no large, consistent 
effects of fertilization on survival were detect- 
ed, changes over time in the number of living 
trees per acre was modeled as a function of ini- 
tial stocking and time: 

where: SPA - stems per acre at time of 
interest, 

SPAo = initial stems per acre, 

yo and yl arc non-linear regression coeffi- 
cients derived from the data, and 

=MEn = the time of interest, in years, since 
treatment. 

Regressions were conducted on log-transformed time 
and stocking-change data, so the final regression 
equation took the form: 

SPAn = SPA0 {exp (-exp [ (In yo) + 

y in  TIME)^]^ + .5 . 

Weibull Distributions 

Diameter distributions on each plot for each 
time were described by using a two-parameter Wei- 
bull probability function to calculate the propor- 
tion of trees in each diameter class (Bailey and 
Dell 1973). The probability density function of 
the Weibull distribution for random variable x is: 

b >0, and c > 0. [ 3 1 

The b (scale) and c (shape) parameters were recov- 
ered by maximum likelihood estimation. An average 
initial diameter distribution was determined for 
each location by calculating initial (time 0) b 
and c parameters using combined data from all 24 
plots. 

For each location, multiple regression was 
used to model changes in b and c parameters as a 
function of initial parameter value, time, N fert- 
ilization rate, and P fertilization rate: 

cn = BO + BlcO + 82T + B3NT + 4 PT + 5 NPT 

2 
+ B N T + B7cOT, 6 I51 

where: n = years since fertilization, 

bo = initial b parameter, 

cO = initial c parameter, 



T = time (years), Table 2.--Initial stocking, regression coeffi- 
cients, and predicted 8th-year stocking, 

N = N fertilization rate, 

P = P fertilization rate, and 

y and f3 are regression coefficients. 

Far each location, these equations may be used to 
predict Weibull b and c parameters for any combi- 
nation of time, N, and P. 

Diameter Distributions 

By combining predicted b and c parameters 
with predicted stems per acre from the survival 
model in an equation derived from equation [ 3 ] ,  
the number of trees per acre in a diameter class 
can be predicted using the equation: 

TPAd = SPAn [exp (-(dl/b)c) - exp 

where : 

TPAd = trees per acre in diameter class d 
(midpoint in inches), 

SPAn = total stems per acre at time n 
(years) since fertilization, 

dl = lower limit of diameter class, 

d2 = upper limit of diameter class, 

b = predicted value of b parameter, and 

c = predicted value of c paremeter. 

Diameter distributions were calculated for 
the initial conditions, and for eight years after 
treatment, both without fertilization and with a 
fertilization treatment of 200 lb. N plus 100 lb. 
P per acre. 

Survival Model 

For the eight-year period after fertiliza- 
tion, mortality ranged from 4 to 14 percent in the 
four examples presented (Table 2). The highest 
mortality rate was observed on the sandhill site 
(B230). The initial stocking rates and regression 
coefficien:~ given in Table 2 can be used in equa- 
tion [ Z ]  to predict stocking at any time up to 8 
years after initial measurement. 

Test 

E3200 Series Survival Models 
660 

640 

620 

600 

560 

0 2 4 6 8 

YEXRS SINCE TREATMENT 
+ 8211 o 8220 A 8227 x 8230 

Figure 1.--Predicted survival for the eight-year 
period after study initiation. 

Weibull Distributions 

The Weibull parameters for the distributions fit 
to the diameters at study initiation are presented 
in Table 3. 

Table 3.--Weibull b and c parameters for distribu- 
tions at study establishment. 

Test 

Parameter 

b c 



These initial parameter values were used along 
with selected N rates, P rates, and times in equa- 
tions [4] and I51 to predict changes in b and c 
paranreters. Regression coefficients for equations 
(41 and 151 for the four examples are provided in 
Table 4. 

Table 4.--Regression coefficients for predicting 
changes in Weibull 5 and c parameters. 

Example Number 

Coef . B211 B220 B227 £32 30 

Equation 141 

-1.539 -0.703 

1.553 1.362 

0.452 0 1320 

-2.154E-2 -1.351E-2 

3.725E-4 4.535E-4 

2.223E-4 2.203E-3 

-66613E-7 -1.1593-6 

3.509E-6 9.890E-7 

-1.1673-2 -4.230E-2 

Equation [5] 

1.145 0.602 

0.833 0.970 

-8 -040E-2 0.106 

-1.047E-4 -4.0023-5 

1.391E-4 1.415E-4 

-1.870E-4 -7.670E-7 

1.143E-7 -1.7373-7 

1.963E-2 -4.787E-2 

Predicted values for the b and c parameters eight 
years after treatment, both with and without 200 
lb. N plus 110 lb. P per acre, are illustrated in 
Figure 2. 

In these four examples, predicted values of c 
parameters show little change with fertilization 
while b parameters appear more sensitive. Test 
B227 shows the greatest change in the b parameter 
while B230 shows very little. Magnitudes of b 
parameter change for tests B211 and B220 are 
intermediate. 

L3 & C PARMS 8 YR AFiEF3: FERT 
WITHOUT L Wilt4 FERTiLlZnTiOrj 

8 1 

CRFF TEST NUMBER 

Figure 2,--Predicted values for b and c parameters 
with and without fertilization at 8 y e a r s 
after treatment. 

Diameter Distributions 

Combining stocking rates and parameter values 
for selected times and rates of N and P in equa- 
tion [6] generates predicted stems per acre in 
each diameter class (Figs. 3 through 6). Compari- 
son of distributions at establishment with distri- 
butions (non-fertilized) after eight years shows 
that, with stand development over time, distribu- 
tions tend to flatten and stretch to the right. 
Comparisons of fertilized and non-fertilized dis- 
tributions at eight years show similar results 
with the fertilized distributions having greater 
maximum diameters but fewer stems in the most 
heavily stocked diameter class. In accordance 
with b parameter changes with fertilization, the 
shift in diameter distribution is dramatic in 
B227, intermediate in B211 and B220, and minimal 
in B230. 

By selecting specified diameter limits for 
various product classes, these equation systems 
can be used to predict treatment effects on 
product mix. For exalaple, if 7.5 inches is se- 
lected as the lower diameter limit for solid wood 
products, the number of trees in all diameter 
classes above 7 inches can be suouaed for selected 
treatments (Fig. 7). Increase in the number of 
large-diameter trees is roughly proportional to 
change in the b parameter. hang these examples, 
fertilization increases the number of solid wood 
product trees by as much as 79 trees per acre 
(B227). 
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Figure 3.--Predicted diameter distributions on a Figure 5.--Predicted diameter distributions on a 
poorly-drained Spodosol at study establish- poorly-drained, fine-textured Ultisol at 
ment, and 8 years after establishment with study establishment, and 8 years after estab- 
amnd without fertilization. lisment with and without fertilization. 
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Figure 4.--Predicted diameter distributions on a 
somewhat poorly-drained coarse-textured U1- 
tgsol at study establishment, and 8 years af- 
ter establishment with and without fertiliza- 
t2on. 
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Figure 6.--Predicted diameter distributions on an 
excessively-drained Psament at study estab- 
lishment, and 8 years after establishment 
with and without fertilization. 
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F i g u r e  7.--Difference i n  t r e e s  per  a c r e  over  7.5 
i n c h e s  dbh us ing  p r e d i c t e d  d iamete r  d i s t r i -  
b u t i o n s  f o r  f e r t i l i z e d  and n o n - f e r t i l i z e d  
s t a n d s .  

DISCUSSION 

The CRIFF program h a s  had s u c c e s s  i n  r e l a t i n g  
t o t a l  volume response  t o  s o i l  c h a r a c t e r i s t i c s .  
While t h e r e  a r e  on ly  11 l o c a t i o n s  i n  t h i s  s e r i e s  
of exper iments ,  and t h e  d a t a  base i s  f a r  too  smal l  
t o  use  f o r  development of a g e n e r a l  model of s t a n d  
s t r u c t u r e  response t o  f e r t i l i z a t i o n ,  by c l a s s i f y -  
i n g  each  of  t h e s e  experiments  by s o i l  type  t h e s e  
s t a n d  s t r u c t u r e  a n a l y s e s  w i l l  h e l p  t o  f u r t h e r  e lu -  
c i d a t e  t h e  g e n e r a l  n a t u r e  of f e r t i l i z e r  response 
f o r  broad s o i l  groups.  

Of t h e  f o u r  e x a m p l e s  p r e s e n t e d  h e r e ,  t e s t  
B211 i s  on a t y p i c a l  coarse - tex tured  f l a twoods  
s o i l .  T o t a l  e igh t -year  volume response  t o  200 l b .  
N + 100 l b .  P per  a c r e  was about  500 c u b i c  f e e t  
pe r  a c r e  (CRIFF 1984). Th is  response  is r e f l e c t e d  
i n  a n  i n c r e a s e  of about  5 t o  10 t r e e s  per  a c r e  i n  
each  of t h e  7- t o  10-inch d iamete r  c l a s s e s  (Fig.  
3 )  

T o t a l  volume response i n  B220 -- on a coarse-  
t e x t u r e d  savanna s o i l  -- was about  370 c u b i c  f e e t  
p e r  a c r e .  Although t o t a l  volume response  was l e s s  
than  i n  B211, e f f e c t  on s t a n d  s t r u c t u r e  was g r e a t -  
e r  (F ig .  4 )  because t h e  s t a n d  w a s  younger (9  vs .  
16 y e a r s )  and mean d iamete r  was s m a l l e r  a t  t ime of 
t rea tment .  

u s u a l l y  show l i t t l e  response t o  f e r t i l i z a t i o n ,  and 
response  i n  tes t .  B230 was only about  50 c u b i c  
f e e t  per  a c r e  a f t e r  e i g h t  years .  Stand s t r u c t u r e  
was changed l i t t l e  by f e r t i l i z a t i o n  (Fig.  6 ) .  

These model systems were developed t o  evalu-  
a t e  f e r t i l i z a t i o n  e f f e c t s  on s t r u c t u r e  of s l a s h  
p i n e  p l a n t a t i o n s  growing on i d e n t i f i a b l e  s o i l  
types .  By q u a n t i f y i n g  f e r t i l i z a t i o n  i n f l u e n c e s  on 
product  n i x ,  more detailed economic a n a l y s e s  of 
t h e s e  investment  o p p o r t u n i t i e s  a r e  p o s s i b l e .  The 
paper  i n  t h e s e  proceedings by Dippon and Munson 
prov ides  examples of f i n a n c i a l  a n a l y s e s  based on 
t h e s e  modeis, 
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B227 t y p i f i e s  t h e  d r a n a t i c  P response  of t e n  
observed on wet f l a t s .  Eight-year response was 
about  1400 c u b i c  f e e t  pe r  a c r e ,  and diameter  d i s -  
t r i b u t i o n s  show a cor responding ly  d ramat ic  change 
(Fig.  5) .  In c o n t r a s t ,  droughty s a n d h i f l  s i t e s  



STEM V O L U ~ ,  voLum RATIO, AND TAPER EQUATIONS FOR SLASH PINE IN THE WEST GULF R E G I O ~ ~  

2 f Richard E. Lohrey- 

Abstract.--Zquat%ons a r e  p resen ted  t h a t  es t imate :  t o t a l  
stem volume i n s i d e  o r  o u t s i d e  bark,  t h e  r a t i o  of merchantable 
stem volume between stump h e i g h t  and any upper stem diameter  
t o  t o t a l  volume, and t h e  upper stem diameter  a t  a  given h e i g h t *  
S e p a r a t e  equa t ions  f o r  t r e e s  e s t a b l i s h e d  by p l a n t i n g  and those  
e s t a b l i s h e d  by d i r e c t  seed ing  a r e  compared* 

INTRODUCTION C h a r a c t e r i s t i c s  of t h e  s t a n d s  and sampled t r e e s  
a r e  given i n  t a b l e s  1 and 2. Tables  3 and 4 show 

S l a s h  p ine  (Pinus e l l i o t t i i  v a r .  e l l i o t t i i  t h e  d i s t r i b u t i o n  of sampled t r e e s  by s i t e  index  
Engelm.)  can produce h igh  volunaes of wood a t  an and age c l a s s e s ,  and t a b l e s  5 and 6 g i v e  t h e i r  
e a r l y  age,  and t h i s  wood is an e x c e l l e n t  ran  d i s t r i b u t i o n  by diameter  and t o t a l  h e i g h t .  
m a t e r i a l  f o r  paper, plywood, and lumber. 
Consequent ly ,  s l a s h  p ine  has been e x t e n s i v e l y  Table 1 . - -Charac te r i s t i cs  of sample s t a n d s  
p l a n t e d  and direct-seeded i n  Louisiana and Texas, 
west  of i t s  n a t u r a l  range. No volume t a b l e s  a r e  
a v a i l a b l e  f o r  t r e e s  i n  direct-seeded s tands .  : Direct-seeded 
Moehrfng and o t h e r s  (1973) have published t a b l e s  
w i t h  volumes from stump h e i g h t  t o  s p e c i f i c  upper 
s tem d iameters  f o r  p lan ted  s l a s h  p ines  i n  Texas. 
T h i s  paper p r e s e n t s  equa t ions  t o  e s t i m a t e :  (1 )  
t o t a l  stem volume i n s i d e  bark  ( i .b . )  o r  o u t s i d e  
bark  (o.b.),  (2)  t h e  r a t i o  of merchantable  stem 
volume t o  t o t a l  volume, and (3) t a p e r  f u n c t i o n s  
t o  e s t i m a t e  stem d iameter  i .b. o r  0.b. a t  any 
h e i g h t  f o r  a r t i f i c i a l l y  regenera ted  s l a s h  pines.  

: Plan ted  s t a n d s  : s t a n d s  

S i t e  
index  
(25)  Fee t  6  0 31-78 59 30-70 

Age Years 3 1 12-48 19 13-26 

Trees /  
a c r e  Number 468 51-2,186 1,096 330-3,580 

METHODS 

Sample t r e e s  were s e l e c t e d  from a wide a r r a y  
of  s f t e s ,  ages ,  s t a n d  d e n s i t i e s ,  and s i l v i -  
c u l t u r a l  t r e a t m e n t s  on Nat iona l  F o r e s t  and 
i n d u s t r i a l  l ands .  Only sound t r e e s  t h a t  d id  no t  
f o r k  were measured. The o l d e s t  direct-seeded 
s t a n d s  a v a i l a b l e  were on ly  26 years  o ld  while  
p l a n t e d  s t a n d s  ranged up t o  48 years .  On t h e  
a v e r a g e ,  t h e  p lan ted  t r e e s  were o l d e r ,  t a l l e r ,  
and l a r g e r  i n  diameter  than  direct-seeded ones. 
Di rec t - seeded  s t a n d s  had more trees per  a c r e ,  but 
t he  b a s a l  a r e a  d e n s i t y  and s i t e  index  were s i m i -  
l a r  E o r  s t a n d s  e s t a b l i s h e d  by t h e  two methods. 

BA/ 
a c r e  Fee t  119 48-217 132 17-204 

Table 2.--Character is t ics  of sample t r e e s  

: Plan ted  t r e e s  : Direct-seeded 
: (n=201) : t r e e s  (ns266) 

D.b.h. Inches  8.2 2.2-19.1 5.7 1.3-22,1 

Height  Fee t  5 9 20-110 46 12-76 
&/paper p resen ted  a t  t h e  Third B i e n n i a l  

S o u t h e r n  S i l v i c u l t u r a l  Research Conference, Age Years 31 12-48 19 13-26 
A t l a n t a ,  Georgia, November 7-8, 1984. 

Percen t  33 LCR - 11-60 3 6 11-58 
2 ' ~ e s e a r c h  F o r e s t e r ,  USDA F o r e s t  S e r v i c e ,  

S o u t h e r n  F o r e s t  Experiment S t a t i o n ,  Y i n e ~ ~ ?  ' -I e ,  - I /  LCR = Live crown r a t i o  
L o u i ~ l a n a  71360. 



Table 3,--Distribution of planted sample trees by 
site index and age classes 

Site index (25) : Row 
Age class : (49 : 50-65 : )66 : total 

--Years-- -------- - Number of trees------------ 

Total 42 7 3 8 6 201 

Table 4.--Distribution of direct-seeded sample 
trees by site index and age classes 

Age : Site index (25) : Row 
class : (49 : 50-65 : >66 : total - 

y e a r s  -------- Number of trees------------ 

-- pp 

Total 4 5 148 7 3 266 

Diameters 0.b. and i.b. were measured at he:'%'-ts 
of 0.5, 2.0, and 4.5 feet and at +foot intervals 
above 4.5 feet. Shorter intervals were used where 
stem taper was extreme or irregular, such as high 
in the crown. Total height was also recorded for 
each tree. Stem volumes, both i .b. and o.b., be- 
tween measurement points were calculated using 
Smalian's formula. The tip of the stem was 
treated as a cone. Volumes for all sections were 
sununed to determine total stem volume. 

ANALYSIS OF DATA 

Data from the 201 planted and 266 direct- 
seeded trees were analyzed by linear and nonlinear 
[modified Gauss-Newton (SAS Institute 1982)] 
regression methods. Initial use of weighted 
linear models to estimate stem volume gave unsat- 
isfactory results. They either failed to stabi- 
lize the variance, a basic assumption in 
regression analysis, or left trends in the resid- 
uals. Logarithmic transformation of the model 
suggested by Schumacher and Hall (1933) stabi- 
lized the variance and eliminated trends in the 
residuals. Their model was used to estimate 
total stem volume in this study. 

Table 5.--Distribution of planted sample trees by diameter and height 

Diameter : Total height (feet) 
at4.5 feet : 2 0 :  3 0 :  4 0 :  5 0 :  6 0 :  7 0 :  8 0 :  9 0 :  100 : 110 : Total 
---Inches--- .......................... Number of trees--------------------- 

Total 3 17 31 32 47 32 21 10 6 2 201 



Table 6.--Distribution of direct-seeded sample trees by diameter and height 

Diameter : Total height (feet) 
at 4.5 feet : 10 : 20 : 30 : 40 : 50 : 60 : 70 : 80 : Total 
---Inches--- .......................... Number of trees----------------------- 

Total 4 19 41 64 6 0 5 9 18 1 266 

A mrchantable volume to total volume ratio 
equation was computed from sample tree data. The 
predicted ratios may be used to estimate merchan- 
table volume to any desired utilization limit or 
standard from predicted total stem volume. 
Several ratio models were considered. Burkhart 
(1977) described a three-parameter nonlinear 
model- His model may predict negative volume 
ratios as the upper stem diameter limit 
approaches d.b.h. VanDeusen and others (1981) 
developed a two-parameter exponential model that 
does mot predict negative ratios. Parresol 
(1983) added a third parameter to VanDeusen's 
exponential model with good results, and based on 
these results, Parresol's model was selected for 
use here. 

It is recognized that, logically, total 
stem volume equations and stem taper functions 
should be compatible. In fitting data to models, 
however, volume equations are fitted to optimize 
volume predictions whereas taper equations are 
fitted to optimize diameter, or sometimes height, 
predictions. The equation that is best for esti- 
mating upper stem diarrieters is not necessarily 
best for estimating stem volume. 

Separate sets of coefficients were deter- 
mined for planted and dlrect-seeded trees and 
also for the cornbined data. Differences between 
the regression lines for the two stand origins 
were evaluated by the general linear test proce- 
dure described by Neter and Wasseman (1974). 
Their approach tests the equality of two 
regression functions but does not compare their 
slopes or intercepts. 

RESULTS 

Stem Volume 

The Schumacher and Hall (1933) model used 
to estimate stem volumes is: 

h 

where: V = estimated total stem volume (cubic 
feet) from a 6-inch stump to the 
tip, 

D = d.b.h. (inches) o.b., 

H = total height (feet), 

b b2, b3 = coefficients estimated from the 
data. 

The model was converted to a linear form by 
logarithmic transformation: 

where: In = natural logarithm, 

b' = ln(b ) + correction for bias. 
1 1 

The transfomed model was solved by linear least- 
squares techniques (SAS Institute 1982). 



%en logarithmic estimates are converted 
back into their original units of neasure, the 
new estimates are biased. The antilogarithm of a 
logarithmically transformed variable gives the 
geometric instead of the arithmetic mean (Finney 
1941, Flewelling and Pienaar 1981). A correction 
factor was computed and the bboefficient in- 

1 

cludes an adjustment to compensate for this bias. 
The adjustment followed procedures recornended by 
Baskerville (1972) and Yandle and Wiant (1982). 
Other coefficients do not require adjustments. 

Coefficients for the stern volume equations are 
given in table 7. 

Merchantable Volume Ratio 

The ~erchantable volume of a tree equals 
the product of the merchantable volume to total 
volume ratio and the total stem volume of the 
tree. Thus, the combination of total stem volume 
equations and volume ratio equations make it 
possible to accurately estimate the merchantable 
volume i . b .  or o.b. to any upper stem diameter. 

1 / Table 7.--Regression coefficients for total stem volume equations- 

Parameter estimates Statistics - 3f 

~omponentZ' : b; : b2 : 3 : F.I. : s : C.V. 
Y * x  

Planted trees 

TVob 
TVib 

TVob 
TVib 

Direct-seeded trees 

Combined data 

TVob -5.23479 2.05779 0,81353 -99 1.13 10.94 
TVib -6.96711 2.02254 1.16941 .99 1.24 16.52 

- -- .-. 
l/The model is: ln(V) = b; + b2 ln(D) + b3 ln(H) - 

n 

3 
where: V = predicted stem volume in it , 

D = d.b.h. (inches) o.b., 
H = total height (feet), and 

b;, b2¶ and b3 = coefficients estimated from the data. 

3 
&/~Vob = total stem volume (ft ) from a 6-inch stump to the tip, 0.b. 

3 
TVib = Total stem volume (ft ) from a 6-inch stump to the tip, i.b. 

A 2 
Z'F.1. = fit index = 1-[X(Yi-Yi) ]/[Z(Y~-T)']~ 

3 where: P is in the original units (ft ). 

3 S = standard error in the original units (ft ). 
Y ex 

C .V. = eoef f icient of variation in percent. 



S tem volumes ( i .  b. and o. b. ) t o  var ious  
upper s t e m  diameters  were used t o  c a l c u l a t e  
e q u a t i o n  c o e f f i c i e n t s  f o r  t h e  volume r a t i o  model 
used b y  Pa r r e so l  (1983). The model is: 

R = EXP 

where :  R = est imated r a t i o  of merchantable3 
volume t o  t o t a l  stem volume ( f t  ), 

d = upper stem diameter  i .b. o r  0.b. 
( i nches ) ,  

D = d.b.h. ( i nches )  o .be ,  

EXP = exponent ia l  func t ion ,  and 

b l ,  b2, and b3 = c o e f f i c i e n t s  es t imated  from the  
da ta .  

T h e  d a t a  were f i t t e d  by nonl inear  l e a s t  
s q u a r e s  methods (SAS I n s t i t u t e  1982). 
C o e f f i c i e n t s  f o r  the  stem volume r a t i o  equa t ions  
a r e  g i v e n  i n  t a b l e  8. The MToblTVob r a t i o  i n  
t a b l e  8 can be used t o  e s t ima t e  volume 0.b. t o  a 
g iven  d i a m e t e r  0.b. and t h e  MVib/TVib r a t i o  i n  
t h e  same t a b l e  can be used t o  e s t ima t e  volume 
i .b .  to a given diameter  i .b .  

Taper Function 

A t r e e  stem t ape r  f unc t i on  can be used t o  
e s t i m a t e  the  diameter  a t  a  given he ight  on t h e  
t r e e .  These func t ions  a r e  extremely va luable  t o  
f o r e s t  managers planning t o  market t h e i r  timber 
t o  max+mize product values.  

The t ape r  model used was one descr ibed  by 
Max a n d  Burkhart (1976). The model is: 

where: Ii = 1, i f  X ( a i ,  i = 1,2  

0 ,  i f  X > ai ,  

d  = s t e m  diameter  i .b .  o r  0.b. ( inches)  a t  any 
g iven  he igh t ,  h ,  

D - ~3.b.h. ( inches)  o.b., 
X = h / H ,  
h  = h e i g h t  ( f e e t )  a t  which diameter  is t o  be 

de te rmined  (5 H) , 
H = t r e e  t o t a l  he igh t  ( f e e t ) ,  
a  j o i n  po in t s  es t imated  from t h e  da t a ,  and 
i 

bi= c o e f f i c i e n t s  es t imated  from t h e  data.  

stem t ape r  f unc t i ons  a r e  given i n  t a b l e  9, 

COMPARISONS BETmEN STAHD ORIGINS 

Regression l i n e s  f o r  stem volume, merchan- 
t a b l e  volume r a t i o s  and stem t ape r  were t e s t e d ,  
and i n  each comparison the  d i f f e r ence  i n  t he  
r eg r e s s ion  l i n e s  between t he  two s t and  o r i g i n s  was 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  0.05 l e v e l .  The 
d i f f e r e n c e s  i n  pred ic ted  volume between p lan ted  
and direct-seeded t r e e s  were small  f o r  t r e e s  12 
inches or  l e s s  i n  diameter. P r e d i c t i o n s  were 
h igher  f o r  planted than direct-seeded t r e e s  more 
than  22 inches d.b.h. Since the  l a r g e s t  d i r e c t -  
seeded t r e e  samples was only 12.1 inches  d,b.h.,  
important  d i f f e r ences  i n  volume per t r e e  occurred 
beyond the  range of da t a  f o r  d i rec t - seeded  t r e e s .  
Readers may use equat ion c o e f f i c i e n t s  i n  t a b l e s  7 ,  
8 ,  and 9 t h a t  apply t o  t h e i r  p a r t i c u l a r  s i t u a t i o n  
o r  those  f o r  t he  combined d a t a  t h a t  a r e  more 
un ive r s a l l y  appl icab le .  

The fol lowing i s  an example of how t o  e s t i -  
mate t h e  t o t a l  stem volume i . b . ,  merchantable 
volume 0.b. t o  a  4-inch top o.b., and volume i .b .  
from a 6-inch stump t o  a  he igh t  of 17 f e e t  i n  a  
p lan ted  t r e e  with a d.b.ht of 12,O inches  and 
t o t a l  he igh t  of 80 f e e t .  To t a l  stem volume i .b .  
and 0.b. can be est imated from equat ion  3 and 
r eg re s s ion  c o e f f i c i e n t s  i n  t a b l e  7. Volume i .b .  
i s  computed f i r s t .  

TVib = EXP [-6.93385 + 2.07195 ln(12.0)  
+ 1.13645 ln(80) I  

TVib = EXP [-6.93385 + 2.07195 (2.48491) 
+ 1.13645 (4.38203)] 

TVib = EXP E3.194701 

3 
TVib = 24.40 f t  . 

T o t a l  volume 0.b. would be: 

TVob = EXP [-5,41584 + 2.08037 (2,48491) 
+ 0,84544 (4,38203) j 

TVob = EXP 23.459321 
3 

TVob = 31.81 f t  . 
The da t a  were f i t t e d  by nonl inear  l e a s t  

squa re s  (SAS I n s t i t u t e  1982). Coe f f i c i en t s  f o r  



1 / Table 8.--Regression c o e f f i c i e n t s  f o r  volume r a t i o  equations- 

Parameter es t imates  31  
21 

: S t a t i s t i c s -  
Ratio-  : b l  : b2 : b3 : F.Z. : S 

Y *x  
-- 

Planted  t r e e s  

Direct-seeded t r e e s  

Combined da t a  

b b  
L'The volume r a t i o  model is: R = EXP [b l (d  2 / ~  3 ) ]  

A 

where: R = r a t i o  of merchantable t o  t o t a l  cubic f oo t  volume, 
d = upper stem merchantable l i m i t  ( inches)  - 0.b. 

f o r  0.b. r a t i o s ,  i .b. f o r  i .b. r a t i o s ,  
D = d.b.h. ( inches)  o.b., and 

b l ,  b2,  and b3 = c o e f f i c i e n t s  est imated from the  data.  

'MVob = merchantable volume, 0.b. 
MVib = merchantable volume, i .b. 
TVob = t o t a l  volume, 0.b. 
TVib = t o t a l  volume, i .b .  

* 2 - 2 Z'F.1. = fit index = { ~ - [ z ( Y ~ - Y ~ )  ]/[L(Yi-Y ) ] ]  

S = s tandard  e r r o r  i n  t he  o r i g i n a l  u n i t s .  
Y *x  



1 I Table 9.--Regression coefficients for stem taper functions-- 

De pendent : Parameter estimates 31 
2 1 : Statistics- 

variables- : b l  : b2 : b3 : b,+ : a i *  a2 : F.1. : S 
Y -x 

Planted trees 

Direct-seeded trees 

Combined data 

I f  The model is: - 

I- 
where: Ii = ] 1, if X I a i  1 = 1,2 

d = stem diameter i.b. or 0.b. (inches) at any given height, h, 
D = d.b.h. (inches) o.b., 
X = h / ~ ,  
h = height (feet) at which diameter is to be determined (5 H), 
H = tree total height (feet), 
ai = join points estimated from the data, and 
bi = coefficients estimated from the data. 

2 1  dob = diameter 0.b. at any given height, h - 
dib = diameter i.b. at any given height, h 
D = d.b.h. (inches) 0.b. 

3 /  F.I. = fit index = { 1 - [ ~ ( Y i - Y I ) 2 ] / [ ~ ( Y i - ' i i - ) 2 ] ]  - 

S = standard error in original units. 
Y *x 



The ratio of merchantable volume 0.b. (to 
a 4-inch top) to total volume 0.b. is estimated 
using equation 4 and regression coefficients from 
table 8. 

b b  
R = EXP [bi(d 2 / ~  3 j 1  

The ratio of merchantable volume i.b. to a 
9.2 inch top diameter i.b. to total volume i.b. 
is determined from equation 4 and regression 
coefficients from table 8. 

R = EXP [-12.68894 (558,110/8,213,943)] 

R = EXP [-0.862161 
R = EXP [-0.00503] 

The merchantable volume 0.b. is the pro- 
duct of total volume 0.b. and the merchantable 
volume ratio. 

MVob = R x TVob 
3 

Mvob = 0.9950 x 31.81 ft . 
3 

Mvob = 31.65 ft . 
Use equation 5 and coefficients from table 

9 to determine diameter i.b. 17 feet above the 
ground. 

Kerchantable volume i.b. to the same 
9.2-inch top diameter i.b. is the product of this 
ratio and stem total volume i.b. 

MVib = R x TVib 
\ 

MVib = 0.4223 x 24.40 ft 3 
3 

N i b  = 10.30 ft . 

CONCLUSION 

The equations presented here provide the 
reader with a means to estimate the total or 
merchantable volume i.b. or 0.b. of slash pines 
established by planting or direct seeding. 
Readers can also estimate stem diameter i.b. or 
0.b. at any height on the bole. These results 
should be applicable throughout the West Gulf 
Region where slash pine has been extensively 
planted and direct-seeded. 
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SURVIVBL CURVES FOR UNTWIMNED AND EARLY-THINNED DIRECT-SEEDED SLASW PINE STAND&/ 

V .C. Baldwin, ~r .Li 

Abstract.--Survival data from repeated measurements of 
158 unthinned and precomercially-thinned direct-seeded slash 
pine (Pinus elliotti Engelm.) plots were analyzed for predic- 
table relationships between type of thinning, post-thinning 
density, and stand age. Types of thinning included select, 
row, and a combination of the two. These data provided 483 
measurements of survival over 2 to 5 year time periods from 
stand ages 1 through 20 years. Survival equations for use 
in row-seeded stands, and in unthinned, selectively thinned, 
and row-thinned broadcast-seeded stands, are presented and 
discussed. 

INTRODUCTION 

Thousands of acres of pine stands have been 
established by direct-seeding throughout the 
South. Some have been precommercially thinned, 
but in the many that have received. no thinnings, 
overstocking is common. In general, there is 
little published quantitative information 
available about survival patterns in managed 
direct-seeded pine stands. This study analyzes 
survival using data from studies in both 
unthinned and precommercially thinned direct- 
seeded slash pine (Pinus elliottii Engelm.) 
stands established on cutover sites in the West 

thinning. Calculated Site Index (base age 15) 
for the study plots, using Lohrey's (1984) 
equation, ranged from 20 to 58 feet overall and 
averaged 40 feet. Table 1 summarizes basic 
information about these data. The 158 repeatedly 
measured plots provided a total of 489 
"survival-change" observations ranging from ages 
1 to 22 years. 

A specific record of rust-associated mor- 
tality was not kept. Every effort was made when 
the studies were installed to avoid heavily rust- 
infected stands, and in the precommercial 
thinning studies, rust-infected trees were 

Gulf Region. The objective was to develop a sur- removed whenever possible. Results of this ana- 
viva1 function that would accurately predict sur- lysis indicate there was no catastropic mortality 
viva1 in stands similar to those studied. on any of the plots and it is reasonable to 

assume rust infected trees never exceeded 10 per- 
cent of the total number of trees in any of the 

DATA stands measured. 

Survival data were obtained from remeasure- 
ments of eiggf long term, direct-seeded slash WDELIMG SURVIVAL 
pine studies-. The study plots are located in 
Natchitoches and Rapides Parishes in central The total data set was divided into nested 
Louisiatra and in Washington Parish in southeast subsets based on the type of treatment received, 
Louisiana. The studies were established to 
provide data for estimating growth and yield of 
slash pine under various seeding andlor early 
thinning treatments. The trees were broadcast- 
seeded or seeded in rows. Many were thinned pre- 
commercially using the selection technique, 
mechanically rowthinned, or row-thinned in com- 
bination with imediate or deferred selective 

I/ Paper presented at Southern Silvicultural 
~eseaFch Conference, Atlanta, Georgia, November 
7-8, 1984. 

21 Principal Hensurationist, Southern 
 ores st Experiment Station, Pineville, Louisana 
7 1360 

31 These studies were all installed, 
remFasured and are currently maintained by 
Richard E. Lohrey, Silviculturist, with the 
Southern Forest Experiment Station, Pineville, 
Louisiana. Utilization of his data for this ana- 
lysis is gratefully acknowledged. 



Table 1.--Direct seeded slash pine studies for the West Gulf Region 

: Post : No. of : Ho. 
: When : Measured : Age at : Initial : thinning 2 /  :survival re- : of 

study : seeded : at ages : thinning : densities : density 2'1 Treatment(s)- :measurements : plots 
-------------Year----------------- ------- - ~reesfacre------ 

I/ Numbers in parentheses ( ) are average densities of unthinned control plots. - 
2 /  S = broadcast-seeded, R =. row-seeded; - 

0 = no thinning, 
1 = selective-thinning, 
2 = row-or strip-thinning, 
3 = row-thinning followed immediately by selective-thinning of residual trees within the rows, 
4 = row-thinning followed by selective-thinning of residual trees within rows five years later. 

The schematic below illustrates this allocation: 

(A) All data combined (~489) 

\ 
(B) Unthinned stand data (n=284) (C) Thinned stand data (n=205) 

/ \ 
broadcast row-seeded broadcas t-sbeded broadcast-seeded 

/ \ 
(D) Unthinned, (E) Unthinned, (F) Selectively thinned, (G) Row-thinned, 

seeded(n=lO4) (n-180) (11-103) (n=l02) 

where n designates the number of "survival-change" observations in each 
data set. 

For this analysis, all rowthinning data Po, el, B P  = Coefficients estimated from the 
were grouped together, even if there had been data. 
partZal selective-thinning within the rows of 
residual trees. This model had the desirable mathematical pro- 

perties that when A equaled A TS equaled TS 
Numerous model forms were then fitted to the 1 2' 1 2 

data - None of the models tried were clearly and, when fitted to the data, B was always nega- 
superior. However, the model used by Clutter and 0 

Jones (1980), fit the data well in most cases. 
It is: 

tive and both i3 and B were positive, thus 
1 2 

0 B2 B2 l/Bo 2 2 insuring that as A approached infinity, TS 
TS2 = [TSl + B1 (A2  - Al 11 

approached zero. The fitting was done using the 
Statistical Analysis System nonlinear regression 

where procedure =IN with the Elarquardt Technique 
option (SAS Institute 1982). The resulting 

T S  1, TS2 = Initial and projected trees survi- equations were labeled A to G corresponding to 
ving per acre, respectively , the data sets (A) through (G). 

A1, A2 = Initial and projected age, 
respectively, 



Equation coefficients and sone supporting 
statistics are presented in table 2, In addition, 
the graphs in figures 1 and 2 visually summrize 
how well equation D (the worst fitting) and 
equation E (the best fitting) fit their data. 
All other fits were between these. 

After the equations were developed, they 
were graphed in two dimensions, by fixing TS at 

I 

various reasonable values, to Look at model 
trends and differences. Figures 3 and 4 show the 
survival trends predicted by the various 
equations, given 1,200 trees per acre surviving at 
age 5. The trends and relative positions of the 
curves did not change when TS was varied 

1  
between 800 and 2,000 trees per acre, 

DISCUSSIONS AND CONCLUSIONS 

The data for this analysis were taken from 
studies in which one primary objective was to 
test hypotheses of equality of growth and yield 
response with respect to application of various 
management treataents of direct-seeded slash pine 
stands. Much variability with respect to treat- 
ments, initial and post-treatment density, and 
site quality was purposefully built into the stu- 
dies. These equations, nevertheless, did ackount 
for at least 87 percent of the variability in all 
cases, and prediction bias (% DIFF) did not 
exceed 6 percent in any case, except for 
unthinned, broadcast-seeded stands, and averaged 
3.7 percent for all seven equations. 

1 / Table 2.--Coefficients and supporting statistics for the fitting of the model- 

0 8, 8, 1 1 8 ,  
TS2=[TSI + B 1  ( A 2  - A l  ) ]  to seven direct-seeded slash pine data sets. 

Coefficients pit statisticsy 
- - 

Treatment :Equation : 
@ o  : 1 

: n : %V : Se : CV(%) : Diff : % Diff 

All data 
combined A -0,499580 2.69 i 1.142989 488 93 243 19 6 3.2 

Unthinned 
stands B -. 443062 8.54 x .go7085 284 94 252 20 2 7 5.9 

Thinned 
stands C - .596671 5.10 x 1.446193 205 92 218 16 -1 5 .I7 

Unthinned, 
broadcast 
seeded D -.597310 5.87 x .747919 104 89 393 28 92 16.2 

Unthinned, 
row-seeded E -.402515 1.01 x 2.422529 180 99 78 6 10 1.6 

Selectively 
thinned F -1 -067873 1.85 x lo-'' 5 .I95985 103 96 174 13 3 1 1.9 

Row- thinned G - ,492301 3.43 1.093140 102 87 226 16 22 -.33 

1/ TS1, TS2 = Initial and projected trees surviving per acre, respectively - 
A1, = Initial and projected age, respectively 

6% = Regression coefficients given in the table 

21 n = Number of plot observations n 
w " - 

%V = Percent variation explained by the model = l - 1 (yi - yi) / 1 (yi - y ) '1 1 100 
is1 i=l 

Se = Standard error of the estiaate in trees per acre units 

CV(%) = Coefficent of variation percent 

- n 
Diff = (l/n) L (predictedi - observedi), in trees per acre units, 

i=1 
n 

Z Diff = (100/n) [(predictedi - observedi)/observed ] 
is1 i 



OBSERVED (THOUSANDS/ACRE) 

Figure  1.--Comparison of observed versus pre- 
d i c t e d  t r e e s  per ac re  surviving f o r  unthinned 
broadcast-seeded s tands  of s l a s h  pine i n  t he  
West Gulf Region, based on equation D. 

F igure  2.--Comparison of observed versus predic ted  
t r e e s  per acre  surviving f o r  unthinned row-seeded 
s tands  of s l a s h  pine i n  the  West Gulf Region, 
based on equation E. 

F igure  3.--Predicted su rv iva l  i n  direct-seeded s l a s h  pine s tands  according t o  treatments received f o r  
e q u a t i o n s  A, B, and C. 



AGE 

Figure  4.--Predicted s u r v i v a l  i n  direct-seeded s l a s h  pine s t ands  according t o  t reatment  received f o r  
e qua t i ons  D, E ,  F, and G. 

Height  of the  dominant and codominant t r e e s ,  
which was used a s  a measure of s i t e  q u a l i t y  i n  
some of t h e  model forms t e s t e d ,  was not  a con- 
s i s t e n t l y  s i g n i f i c a n t  v a r i a b l e  i n  the  
r e g r e s s ions .  Therefore,  t o  maintain s i m p l i c i t y  
and model homogeneity over  a l l  d a t a  groups, it 
was not  used a s  a p r ed i c to r  i n  t he  f i n a l  model. 
S i t e  q u a l i t y ,  a s  measured by s i t e  index, d id  vary 
w i t h i n  each of t he  da t a  groups (A) through (G), 
bu t ,  i n t e r e s t i n g l y ,  t he  o v e r a l l  average s i t e  
index  of 40 f e e t  was a l s o  about t he  average 
w i t h i n  each group. Therefore,  s i t e  q u a l i t y  was 
n e i t h e r  a confounding f a c t o r  i n  t h i s  a n a l y s i s  nor 
was i t  a c o n s i s t e n t l y  s i g n i f i c a n t  dens i t y  predic-  
t o r  i n  t he se  young s tands .  

F igu re s  3 and 4 r evea l  a l o t  of u s e f u l  
in format ion  with respec t  t o  t h i s  ana ly s i s :  

(1 )  The graphs v i s u a l l y  j u s t i f y  the  i n i t i a l  
breakdonn of the  da t a  i n t o  the  l o g i c a l  
subgroupings based on treatment  and/or method of 
seed ing ,  For example, s u r v i v a l  p r ed i c t i ons  i n  
early-thinned broadcast-seeded s l a s h  pine s t ands  
u s ing  equa t ion  F would c l e a r l y  be d i f f e r e n t  from 
p r e d i c t i o n s  made using equa t ion  G ,  wi th in  t he  
ye a r s  covered by the  da ta .  P r ed i c t i ons  us ing  
e i t h e r  of the  unthinned s tand  equa t ions ,  D o r  E ,  
a r e  a l s o  obviously d i f f e r e n t  . 

( 2 )  Equations E and F a r e  reverse  S shaped 
--the po in t  of i n f l e c t i o n  and concave upward por- 
t i o n  occur a t  o lde r  ages. I f  p r ed i c t i ons  us ing  
t he se  curves ( p a r t i c u l a r l y  equa t ion  F) a r e  
at tempted much beyond age 22, t he  s u r v i v a l  pre- 
d i c t i o n s  w i l l  l i k e l y  be too  low. 

(3)  These graphs a l s o  c l e a r l y  show t h e  
r e l a e i v e  magnitude of p r ed i c t i on  d i f f e r ences  t h a t  
could occur  when using t he  more genera1 curve 
r a t h e r  than  a s p e c i f i c  curve. For example, a t  
age 13,  i f  the  i n i t i a l  number of t r e e s  su rv iv ing  
per  a c r e  a t  age 5 was 1,200, t h e  d i f f e r e n c e  be- 
tween t he  pred ic ted  number of t r e e s  su rv iv ing  
us ing  equa t ion  B versus  using equat ion E i s  about 
245 t r e e s  per a c r e ,  and between equat ions C and F 
a t  t h e  same age is about 180 t r e e s  per  acre .  
Although t he se  d i f f e r e n c e s  a r e  wi th in  one s tan-  
dard e r r o r  of e i t h e r  of the  more genera l  curves ,  
t h e  graphs do show t h a t  u t i l i z a t i o n  of t he  more 
spec i f i c ,  curves is be s t  when one is reasonably 
su r e  t he  s tand  he is dea l ing  with is s i m i l a r  t o  
t h e  s t and  whose da t a  was used t o  develop t h e  
equat ion.  

(4)  Furthermore, the  curves c l e a r l y  e x h i b i t  
t h e  s u r v i v a l  p a t t e r n s  one would l o g i c a l l y  expect  
i n  s t ands  t r e a t e d  s i m i l a r l y .  I n  row-seeding, t h e  
combinations of between-row d i s t ance s  and within-  



row s p a c i n g  of seed s p o t s  was g e n e r a l l y  such 
t h a t  t h e  s e e d l i n g s  experienced l i t t l e  competi- 
t i o n  p r e s s u r e  u n t i l  about  age 11, and then i t  
was s l i g h t  throughout age 20. S u r v i v a l  i n  
t h e s e  s tands  was very  much l i k e  we would b e l i e v e  
s u r v i v a l  would be i n  comparable p lan ted  s tands .  

I n  s e l e c t i v e l y  thinned s t a n d s ,  t h e  b e t t e r  
trees were favored t o  be l e f t  a s  l eave  t r e e s ,  and 
u n i f o r m  spacing was a goa l ,  s o  t h e  t r e e s  i n  t h e s e  
s t a n d s  d id  not  exper ience  s i g n f i c a n t  competi t ion 
u n t i l  about age 11 e i t h e r .  S u r v i v a l  then  began 
t o  q u  i c k l y  approach t h a t  i n  unthinned broadcast-  
s e e d e d  o r  row-thinned s tands .  However, t h e  de lay  
i n  m o r t a l i t y  and e a r l y  s e l e c t i o n  of b e t t e r  l eave  
trees a s s o c i a t e d  w i t h  e i t h e r  of t h e s e  two methods 
does  provide f o r  more trees and perhaps a  b e t t e r  
s e l e c t i o n  of l eave- t ree  i f  a  commercial th inn ing  
i s  i n i t i a t e d .  There w i l l  a l s o  be more c u t - t r e e  
vo lume i n  t h e s e  s i t u a t i o n s .  

O n e  cannot make a  management d e c i s i o n  based 
on s u r v i v a l  p r e d i c t i o n s  a l o n e ,  but  an  a c c u r a t e  
s u r v i v a l  f u n c t i o n  is  an e s s e n t i a l  component i n  
any g r o w t h  and y i e l d  p r e d i c t i o n  system. The 
f u n c t i o n s  p resen ted  a r e  p a r t  of a  complete system 
t o  p r e d i c t  weight and volume y i e l d s  i n  d i r e c t  
s e e d e d  s l a s h  pine s t a n d s  i n  t h e  West Gulf Region 
t h a t  w i l l  soon be publ i shed  and made a v a i l a b l e .  
The f u n c t i o n s  can a l s o  be incorpora ted  d i r e c t l y  
i n t o  any system t h a t  r e q u i r e s  s tand  s u r v i v a l  pre- 
b i c t f _ o n s .  

It i s  recommended t h a t  equa t ions  D, E, F, 
and G be used i n  a p p l i c a b l e  s tands  whenever 
p o s s i b l e .  E x t r a p o l a t i o n  of t r e e s  s u r v i v i n g  
beyond age 25 should not be a t t empted  w i t h  
equa t ion  F. Equat ions A, B, and C might  be used 
i f  s t a n d s  e i t h e r  do not c l e a r l y  f i t  i n t o  one of 
t h e  def ined  t rea tment  c a t e g o r i e s ,  a r e  geographi-  
c a l l y  o u t s i d e  of t h e  d a t a  range, o r  a r e  o l d e r  
than age 22. 
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TREE FOW EFFECTS ON VOLUPlE PREDICTION 
PRECISION FRO14 TAPER MODELS If 

F. Thorns Lloyd 

Abstract.--Preliminary results of comparing observed 
with predicted total stem volume obtained from a taper model 
dramatically illustrate how much precision is lost when tree 
form variables are restricted to diameter at breast height 
and total height. Specifically, a quadratic-quadratic- 
quadratic version of a segmnted polynomial fit to diameter- 
height taper data from 166 loblolly pines produced 
deviations (i.e., 100 (observed-predieted)fobserved) ranging 
from -26 to 15 percent. The same form of the model fit 
separately to the taper data for each tree produced 
deviations of -1.8 to 1.0 percent. The remaining research 
will study how to incorporate different tree form variables 
(like form class, form quotient, crown ratio, etc.) into 
various versions of the segmented polynomial model.) 

L/~aper presented at Southern Silvicultural Research 
Conference, Atlanta, Georgia, November 7-8, 1984. 

'~esearch Forester, USDA Forest Service, Southeastern 
Station, Charleston, S.C. 



CROWN GOI"LPETITI0N I N  YOUNG LOBLOLLU PLANTATIONS: 

DATA ANALYSIS AND HODELS~~ 

Lynn A. ~ a ~ u i r d l  

Abstract.--1 have developed a  growth model f o r  young 
l o b l o l l y  p l a n t a t i o n s  t h a t  s i m u l a t e s  t h e  e f f e c t s  of spacing 
on crown development and uses  crown c h a r a c t e r i s t i c s  t o  
r e p r e s e n t  t h e  e f f e c t s  of compet i t ion  on growth and s u r v i v a l .  
F i e l d  d a t a  from a spacing t r i a l  on t h e  North Caro l ina  
c o a s t a l  p l a i n  have been used t o  t e s t  model assumptions and 
p r e d i c t i o n s .  Live crown r a t i o  d e c l i n e s  a s  crowding occurs ,  
main ta in ing  a cons tan t  r a t i o  of crown l e n g t h  t o  crown width. 
More of t h e  crown is  shaded a t  c l o s e r  spacings.  The crown 
p r o j e c t i o n s  of t r e e s  grown a t  r e c t a n g u l a r  spac ings  deform 
from c i r c u l a r  t o  f i l l  t h e  a v a i l a b l e  space. These 
o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  model formulat ion.  

..!L/ Paper p resen ted  a t  Southern S i l v i c u l t u r a l  Research 
Conference, A t l a n t a ,  Georgia ,  November 7-8, 1984. 

2/ A s s i s t a n t  P r o f e s s o r ,  School of F o r e s t r y  and 
Environmental S t u d i e s ,  Duke U n i v e r s i t y ,  Durham, NC 27706. 



1,' A SURVIVAL WDEL FOR mINNED OLD-FIELD SLASH PIME PLAiVTATIONS 

2 f  Bruce E. Borders and Earle P. Jones, Jr.- 

Abstract.--Thinning from below in young old-field slash 
pine stands tended to accelerate mortality; mortality rate was 
directly related to site index. A difference equation model 
which expresses the effects of thinning, site index and age on 
survival was derived and fit. 

l/Paper presented at Southern Silvicultural Research 
Conference, Atlanta, Georgia, November 7-8, 1984. 

z~esearch Foresters, USDA Forest Service, Southeastern 
Forest Experiment Station, Athens and Macon, Georgia, 
respectively. 



A GROWTH AND YIELD MODEL FOR UNTBIrJNED LOBLOLLY PINE PLANTATIONS 

INFECTED WTH ~ S I F O R M  RUST;' 

2 1  Warren L. Nance, Ronald C. F roe l i ch ,  Tomy R. De l l ,  and Eugene Shoulders- 

Abstract.--The e f f e c t  of varying l e v e l s  of fus i form r u s t  
on s u r v i v a l  and s t r u c t u r e  of unthinned l o b l o l l y  p ine  plan- 
t a t i o n s  was i nves t i ga t ed  using da t a  from two l a r g e ,  long-term 
l o h l o l l y  p ine  y i e l d  s t u d i e s .  The goa l  of the  a n a l y s i s  was t o  
develop a modi f ica t ion  t o  an e x i s t i n g  growth and y i e l d  pre- 
d i c t i o n  system f o r  unthinned l o b l o l l y  p ine  p l a n t a t i o n s  which 
would al low r u s t  l e v e l  a s  one of t he  input  v a r i a b l e s  used t o ,  
p r o j e c t  f u t u r e  y i e ld s .  

Two-dimensional p l o t s  of su rv iva l  versus  age f o r  s eve ra l  
hundred t e s t  p l a n t a t i o n s  measured over a  twenty-year per iod  
revea led  i n t e r e s t i n g  and unexpected v a r i a t i o n s  among s u r v i v a l  
curves.  I n s t ead  of t he  expected gradual  decrease  i n  percent  
s u r v i v a l  over  time, many s u r v i v a l  curves were r e l a t i v e l y  f l a t  
( l i t t l e  o r  no m o r t a l i t y )  f o r  t he  e n t i r e  twenty-year per iod  
whi le  o the r s  were f l a t  f o r  t h e  f i r s t  t en  t o  f i f t e e n  years  and 
then  dropped sharp ly  t h e r e a f t e r .  These kinds of p a t t e r n s  a r e  
no t  mimicked by t he  t r a d i t i o n a l  s u r v i v a l  f unc t i ons  t h a t  a r e  
a n  i n t e g r a l  p a r t  of most growth and y i e l d  models. 

The au tho r s  presen t  a  poss ib le  explana t ion  of t he se  
r e s u l t s  based on a  "law" of n a t u r a l  th inn ing  i n  even-aged 
monocultures proposed by Reinecke i n  1933. A g raph i ca l  ana- 
l y s i s  of s u r v i v a l  curves based on Reinecke's concept of 
n a t u r a l  th inn ing  a s  a  f unc t i on  of s tand  dens i t y  and average 
t r e e  s i z e  is  presented,  and approaches t o  s u r v i v a l  modeling 
based on Reinecke's concept a r e  discussed.  Fu r the r  e f f o r t s  
t o  develop y i e l d  p r ed i c t i on  systems f o r  unthinned l o b l o l l y  
p ine  p l an t a t i ons  i n f e c t e d  wi th  fus i form r u s t  hinge on t he  
development of more powerful s u r v i v a l  models t h a t  can mimic 
observed p a t t e r n s  of s u r v i v a l  i n  both i n f ec t ed  and non- 
i n f e c t e d  s tands .  

!-/ Paper presen ted  a t  Southern S i l v i c u l t u r a l  Research 
Conference, A t l an t a ,  Georg ia ,  November 7-8, 1984. 

2 1  Warren L. Nance is P r i n c i p a l  P l an t  G e n e t i c i s t ,  Ronald 
C. ~ r G l i c h  i s  P r i n c i p a l  P l an t  Pa tho log i s t ,  Tomy R. Del l  is 
Hathematical  S t a t i s t i c i a n ,  and Eugene Shoulders  is P r i n c i p a l  
S i l v i cu l . t u r i s t . -  A l l  a r e  employed by the  Southern Fo re s t  
Experiment S t a t i o n ,  Fo re s t  Service--USDA. 



SITE INDEX CURVES FOR DIRECT-SEEDED SLASW PINES 
IN THE WEST GULF REGIO&/ 

2 1 Richard E. Lohrey- 

Abstract.--Site index equations were computed for slash 
pine stands established by direct seeding. The new equations 
were compared to existing ones for plantations and natural 
stands. 

L/ Paper presented at Southern Silvicultural Research 
Conference, Atlanta, Georgia, November 7-8, 1984. 

2 1  Silviculturist, Southern Forest Experiment Station, 
~oresy Service--USDA, 2500 Shreveport Highway, Pineville, LA 
7 1360. 



EFmCT OF THEWING DAYAGE ON BARK BEETLE 
SUSCEPT IBIL ITY INDICATORS IN LOBLOLLY PIN&/ 

Abstract,--Simulated t h i n n i n g  damage i n  t h e  £ o m  of bo le  
s c a r r i n g  and r o o t  pruning a £  f e c t  ed bark  b e e t l e  s u s c e p t i b i l i t y  
i n d i c a t o r s  ( t o t a l  r e s i n  flow, i n i t i a l  r e s i n  flow r a t e ,  r e s i n  
v i s c o s i t y ,  msnoterpene l e v e l s ,  and e l e c t r i c a l  r e s i s t a n c e )  of 
r e s i d u a l  t r e e s .  Root pruning on two s i d e s  i n i t i a l l y  reduced 
r e s i n  flow, whereas bo le  s c a r r i n g  s t imula ted  i t ,  b u t  t h e s e  
e f f e c t s  disappeared a f t e r  7 months. Bole s c a r r i n g  and b o l e  
s c a r r i n g  p lus  r o o t  pruning caused lower i n i t i a l  f low r a t e s  
than  occurred i n  c o n t r o l  and root-pruned t r e e s .  T o t a l  
monoterpene and a lpha  -p inene  increased  i n  response t o  
t h i n n i n g  i n j u r y .  Bole s c a r r i n g  a lone  caused a d e c l i n e  i n  
stem e l e c t r i c a l  r e s i s t a n c e  whereas r o o t  pruning on 2 s i d e s  
caused a n  i n c r e a s e ,  These observa t ions  i n d i c a t e  t h a t  r o o t  
pruning may i n c r e a s e  h o s t  s u s c e p t i b i l i t y  t o  bark b e e t l e  
a t t a c k ,  whereas bo le  s c a r r i n g  may temporar i ly  reduce i t .  

INTRODUCTION 

T h i n n i n g  from below i s  recommended a s  a 
means o f  promoting t r e e  and s t a n d  r e s i s t a n c e  t o  
s o u t h e r n  p ine  b e e t l e  a t t a c k  (Belanger and Malac 
1980). Enhancement of r e s i s t a n c e  i s  a r e s u l t  of 
p r o v i d i n g  a n  environment conducive t o  r a p i d  t r e e  
growth through a r e d u c t i o n  i n  stress and 
c o m p e t i t i o n ,  However, t h i n n i n g  may a l s o  cause 
i n j u r i e s  t o  t h e  r e s i d u a l s ,  t h e  e x t e n t  of which 
can be v e r y  severe .  

S i n c e  such i n j u r i e s  can have immediate 
d e b i l i t a t i n g  e f f e c t ,  we suspected t h a t  t h e s e  
t h i n n i n g - r e l a t e d  damages could r e a d i l y  predis-  
pose t h e  i n j u r e d  r e s i d u a l s  t o  bark b e e t l e  
a t t a c k ,  R e s u l t s  of an  e a r l i e r  i n v e s t i g a t i o n  

Lipape r presented a t  t h e  Thi rd  B i e n n i a l  Southern 
S i l v i ~ u l t u r a l  Research Conference, A t l a n t a ,  
G e o r g i a ,  Nov, 7 - 8 ,  1984, Support f o r  t h i s  
i n v e s  t i g a t  ion  was provided by t h e  Iat e g r a t  ed 
P e s t  E l a n a g e ~ ~ n t  Research, Development and 
Applications Program, P i n e v i l  Le, LA, USFS 
Gran t  19-82-023. 

/ A s s i s  t a n t  Entomologist ,  P r o f e s s o r  and Research 
Assoe iate, r e s p e c t i v e l y ,  Depar'tment o f  
Entanzology, M i s s ,  S t a t e  Univ, ,  M i s s .  S t a t e ,  MS 
39762. 

A / ~ r o f e s s o r  and A s s i s t a n t  P r o f e s s o r ,  respec-  
t i v e l y ,  Department of F o r e s t r y ,  Miss. S t a t e  
Univ, , M i s s .  S t a t e ,  MS 39762. 

(Nebeker and o t h e r s ,  1983) revea led  some 
i n t e r e s t i n g  p a t t e r n s  i n  bark  b e e t l e  
s u s c e p t i b i l i t y  i n d i c a t o r s  such a s  t o t a l  r e s i n  
flow, i n i t i a l  r e s i n  £low r a t e ,  and v i s c o s i t y .  
Hence, t h i s  s t u d y  was performed t o  de te rmine  i f  
such p a t t e r n s  a r e  r e p e a t a b l e  when t r e a t m e n t s  a r e  
imposed dur ing  t h e  f a l l  r a t h e r  than  s p r i n g  on 
d i f f e r e n t  s t a n d s .  R e s u l t s  may f i n d  a p p l i c a t i o n  
i n  t h e  schedul ing  of th inn ing  of h igh  hazard  
s t a n d s  . 

UTERIALS AND METHODS 

Stand Descr ip t ion  

Two l o b l o l l y  p i n e  p l a n t a t i o n s ,  one  o n  a n  
upland r i d g e  s i t e  i n  Winston County and a  second 
on a  bottom s i t e  ia Oktibbeha County i n  e a s t  
c e n t r a l  M i s s i s s i p p i ,  were s e l e c t e d  t o  r e s p r e s e n t  
two d i s t i n c t  s i t e s ,  These 2 s t a n d s  were 
e s t a b l i s h e d  i n  15358 f r m  a l o c a l  seed s o u r c e ,  
To avoid unnecessary damage t o  t h e  r e s i d u a l s ,  
both s t a n d s  were manually thinned t o  a  b a s a l  
a r e a  of 90 s q ,  f t  pe r  a c r e  i n  May 1983. The 
r i d g e  s i te  is well-drained,  whereas t h e  bottom 
s i t e  i s  o c c a s i o n a l l y  f looded,  

Lmposit i o n  of Thinning Damage 

P r i o r  t o  t h e  impos i t ion  of t h i n n i n g  damage 
t r e a t m e n t s  (Sept.  1983), t o t a l  r e s i n  f low (8 
h r s )  , i n i t i d  r e s i n  f low r a t e  (mmlmin) , r e l a t i v e  



r e s i n  v i s c o s i t y ,  l e v e l s  of t o t a l  and i n d i v i d u a l  
monoterpenes , stem e l e c t r i c a l  r e s i s t a n c e  (SER) , 
r a d i a l  g r o w h ,  and t o t a l  h e i g h t  were m e a s u r d .  
Two ~ e k s  l a t e r ,  d i f f e r e n t  t h i n n i n g  damage 
t r e a t m e n t s  (Table I )  were imposed on  96 of t h e  
r e s i d u a l  s tems on both s i t e s .  Root pruning on 
one s i d e  (Rl)  was per fomed by f i r s t  l o c a t i n g  
t h e  major l a t e r a l  r o o t  and then  s e v e r i n g  i t  with 
a  D i t c h  Witch about a  f o o t  away from t h e  stem, 
The dimensions of t h e  c u t  were a p p r o x h t e l y  0.5 
m deep i n t o  t h e  s a i l  and 1.5 rn long,  Root 
pruning on 2 s i d e s  (R2) was done i n  t h e  same 
manner w i t h  t h e  a d d i t i o n a l  c u t  made e i t h e r  
p a r a l l e l  o r  perpendicu la r  t o  t h e  d i r e c t i o n  of  
t h e  f i r s t  c u t .  Bole s c a r r i n g  (S) was done by 
removing a  p o r t i o n  of t h e  bark  p l u s  t h e  
a s s o c i a t e d  cambium (one-sixth of t h e  
c i r c m f e r e n c e  wide and 0 - 3  m long) a t  stem base  
us ing  a  hand k n i f e ,  c h i s e l  and f i b e r g l a s s  
mal le t .  Two weeks (Oct. 1983),  7 months ( A p r i l  
1984),  and 10 months ( J u l y  1984) a f t e r  t rea tment  
impos i t ion ,  t h e  same measurements and a n a l y s e s  
were made except  f o r  r a d i a l  growth and t o t a l  
h e i g h t .  

Table 1 .--Treatments imposed t o  s i m u l a t e  
t h i n n i n g  damage. 

Treatments  Desc r i p  t i o n  No. of Reps 

C Control  16 

R 1 1 s i d e  r o o t  pruned 16 

R2 2 s i d e s  r o o t  pruned 16 

S Scar red  16 

S Rl S + R 1  16 

SR2 S + R2 16 

Resin Sampling and Other Pleasurements 

T o t a l  r e s i n  f low was measured by f i r s t  
d r i l l i n g  a  h o l e  (0.95 cm diameter  x 2 cm deep) 
through t h e  bark and i n t o  t h e  o u t e r  l a y e r s  of 
t h e  xylem ( a t  b r e a s t  h e i g h t )  and d r i v i n g  a  g l a s s  
tub ing  (10 cm long,  9 mm o u t s i d e  d i m e t e r  and 
2.5 mm i n s i d e  d i a m t e r )  i n t o  t h e  h o l e  l e a v i n g  a  
gap t o  p rav ide  a  r e s e r v o i r  f o r  r e s i n  t o  c o l l e c t .  
Resin was c o l l e c t e d  by a t t a c h i n g  a 10 m l  
p i p e t t e ,  w i t h  t h e  b o t t a n  end c u t  and s topper& 
wi th  a  c o r k ,  t o  t h e  e x t e r n a l  end of t h e  g l a s s  
tub ing  ( f low t u b e ) .  T o t a l  flow f o r  8 h r s  was 
read d i r e c t l y  from t h e  p i p e t t e  i n  m i l l i l i t e r s .  
I n i t i a l  f low r a t e  (mmlmin) was determined by 
t iming t h e  r e s i n  headflow over a  c e r t a i n  
d i s t a n c e  through t h e  f low tube ,  R e l a t i v e  r e s i n  
v i s c o s i t y  was determined by dropping a  s p h e r i c a l  
a l u m i n w  b a l l  (0.0625 mm d iameter )  i n t o  a  column 
of c o l l e c t e d  r e s i n  i n  t h e  p i p e t t e  and t iming t h e  

b a l l  a s  i t  t r a v e l e d  a  cons tan t  d i s t a n c e  of 20.4 
m Resin and a i r  t m p e r a t u r e s  were recorded  
f o r  each v i s c o s  i t y  measurement, A f t e r  o b t a i n i n g  
r e s i n  v i s c o s i t y ,  an  a l i q u o t  of t h e  r e s i n  was 
placed i n  a  1-dram v i a l  and s t o r e d  i n  a  f r e e z e r  
u n t i l  a n a l y s i s .  The monoterpene f r a c t i o n  was 
analyzed using an  NP 5830A g a s  c h r m a t o g r a p h  
equipped wi th  flame i o n i z a t i o n  d e t e c t o r .  A 2.44 
m g l a s s  column w i t h  an i n t e r n a l  d i m e t e r  of 2 
mm, packed wi th  10% Carbowax 20H on 80 t o  100 
mesh Chrmosorb $JAM was used. Samples were r u n  
i s o t h e r m a l l y  a t  115°C us ing  n-heptane a s  a  
s o l v e n t  and p - c p e n e  a s  t h e  i n t e r n a l  s t a n d a r d  . 
C a r r i e r  flow r a t e  was 20 m l  per minute. 
D e t e c t o r  and i n j e c t i o n  p o r t  temperatures  were 
200°C and 225 "C, r e s p e c t i v e l y .  I n d e n t i t y  o f  
i n d i v i d u a l  monoterpenes was v e r i f i e d  by 
comparing t h e  r e l a t i v e  reten. t ion t imes  of  
suspec t  compounds w i t h  those  of a u t h e n t i c  
monoterpene samples and enrichment chroma t ogra- 
phy. Q u a n t i f i c a t i o n  was based on t h e  response  
f a c t o r  of each monoterpene r e l a t i v e  t o  p-cymene. 
Nonoterpene q u a n t i t i e s  were expressed i n  mg p e r  
100 mg r e s i n .  Stem e l e c t r i c a l  r e s i s t a n c e  (K 
Ohms) was obtained from t h e  n o r t h  and s o u t h  
s i d e s  of t h e  stem a t  b r e a s t  h e i g h t  using a  f i e l d  
ohmmeter (Osmose Shigometer Model 02-67). This  
was accomplished by i n s e r t i n g  t h e  s t a i n l e s s  
s t e e l  probe p ins  (mean s e p a r a t i o n  was 1.8 cm) 
through t h e  bark and i n t o  t h e  o u t e r  xylem. SER 
read ings  were obtained from 1:OO-2:00 p.m. 
T o t a l  h e i g h t  was measured with a  Suunto. R a d i a l  
growth was measured on increment c o r e  samples, 
us ing  a  m i c r o c a l i p e r  under a  d i s s e c t i n g  scope. 

RESULTS AND DISCUSSION 

T o t a l  Resin Flow 

Root pruning on 2 s i d e s  (R2) s i g n i f i c a n t l y  
reduced t o t a l  r e s i n  f low 2 weeks a f t e r  t rea tment  
on bo th  s i t e s  (Table 2 ) .  However, normal f low 
was r e s t o r e d  7 months l a t e r .  On t h e  o t h e r  hand, 
b o l e  s c a r r i n g  and bo le  s c a r r i n g  p l u s  r o o t  
pruning (SR1) s t i m u l a t e d  r e s i n  exudat ion i n  
t r e e s  on t h e  bottom site.  T h i s  s t i m u l a t i o n  
p e r s i s t e d  f o r  10 months. The same t r e a t m e n t s  ( S  
& SRl) did n o t  a f f e c t  t h e  r i d g e - s i t e  t r e e s .  
Bole s c a r r i n g  p l u s  r o o t  pruning on 2 s i d e s  (SR2) 
caused a  delayed s t i m u l a t i o n  i n  t o t a l  r e s i n  f low 
f o r  t h e  bottom-site t r e e s  bu t  did n o t  have any 
e f f e c t  on t h e  r i d g e - s i t e  trees. 

The depress ing  e f f e c t  of r o o t  pruning on 
t o t a l  r e s i n  f low may be a t t r i b u t e d  t o  reduced 
raw m t e r i a l  f o r  r e s i n  s y n t h e s i s  a s  a  r e s u l t  o f  
increased s t o n a t a l  r e s i s t a n c e  and reduced n e t  
photosynthesis .  S tupendick and Shepherd (1 980) 
demonstrated i n  Pinus r a d i a t a  D. Don t h a t  r o o t  
pruning r e s u l t s  i n  a  s h a r p  i n c r e a s e  i n  s tomata1  
r e s i s t a n c e  and a  d e c l i n e  i n  n e t  photosynthes i s .  
They a l s o  showed t h a t  t r a n s l o c a t i o n  of C-14 
a s s i m i l a t e  i s  r e s t r i c t e d  by r o o t  pruning. On 
t h e  o t h e r  hand, t h e  s t i m u l a t i o n  of r e s i n  f low by 
b o l e  s c a r r i n g  is more of a  wound response.  It 



Table 2,---Mean t o t a l  r e s i n  f low (a1118 h r s )  b e f o r e  and a f t e r  s t r e s s .  

Treatment Sept .  83" Oct. 83  A p r i l  84 J u l y  84 

RIDGE 

*Means w-lthin a  row followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's M u l t i p l e  Range; 
P 1 0 . 5 )  . 

i s  i n  t h e  nava l  s t o r e  i n d u s t r i e s  t h a t  a n  
i n c r e a s e  i n  wounding s e v e r i t y  i n c r e a s e s  
o l e o r e s i n  y i e l d ,  bu t  i n  p r o g r e s s i v e l y  d e c l i n i n g  
amounts (S tubbs and o t h e r s  1984). Apparent ly 
b o l e  s c a r r i n g  causes t h e  p e r i p h e r a l  a r e a  of t h e  
wound t o  become a p r e f e r e n t i a l  s i n k  f o r  
a s s i m i l a t e .  Consequently, o l e o r e s i n  p recursors  
a r e  c o n c e n t r a t e d  a t  t h e  zone above t h e  wound. 

T o t a l  r e s i n  f low i s  a major f a c t o r  
i n f l u e n c i n g  t h e  success  of i n i t i a l  sou thern  p ine  
b e e t l e  a t t a c k  (Hodges and o t h e r s  1979). A l l  
t h i n g s  b e i n g  equa l ,  trees wi th  g r e a t e r  r e s i n  
f low a r e  more r e s i s t a n t  t o  b e e t l e  a t t a c k .  I n  
t h e  a b s e n c e  of a  q u a n t i t a t i v e  r e l a t i o n s h i p  
between t o t a l  flow and bark b e e t l e  a t t a c k ,  i t s  
u s e  a s  a bark  b e e t l e  s u s c e p t i b i l i t y  i n d i c a t o r  i s  
p r e s e n t l y  confined t o  r e l a t i v e  comparisons. Our 
r e s u l t s  o n  t o t a l  f low (Table 2) suggest  t h a t  
r o o t  p r u n i n g  may t mpo r a r i l y  i n c r e a s e  hos t 
s u s c e p t i b i l i t y  whereas b o l e  s c a r r i n g  may reduce 
i t ,  b u t  a l l  t h e s e  e f f e c t s  e x i s t  l e s s  than a  
year .  A l s o ,  on t h e  b a s i s  of t o t a l  r e s i n  flow, 
h o s t  s u s c e p t i b i l i t y  should be lowes t  i n  J u l y .  

I n i t i a l  Flaw Rate 

B o l e  s c a r r i n g  p l u s  r o o t  pruning on one s i d e  
caused am immediate d e c l i n e  i n  i n i t i a l  flow r a t e  
i n  trees on t h e  bottom, whi le  t h e  same t rea tment  
caused a n  immediate i n c r e a s e  i n  i n i t i a l  f low 
r a t e  a t  t h e  r i d g e  (Table 3 ) .  Such d i f f e r e n t i a l  
response  may be a t t r i b u t e d  t o  s i t e  d i f f e r e n c e s  
b u t  g e n o t y p i c  v a r i a t i o n  cannot  be ru led  ou t .  
The most c o n s i s t e n t  t rea tment  e f f e c t  was lower 

f low r a t e s  f o r  scar red  and s c a r r e d  p l u s  
roo t-pruned t r e e s  compared t o  t h e  c o n t r o l  and 
t r e e s  root-pruned on both s i t e s .  A s e a s o n a l  
p a t t e r n  of i n i t i a l  f low r a t e s  was a l s o  e v i d e n t .  
Because t h e  time of maximum t o t a l  f low ( J u l y )  
does n o t  c o i n c i d e  wi th  t h e  time of h i g h e s t  
i n i t i a l  f low r a t e  ( A p r i l ) ,  we decided t o  examine 
how t o t a l  r e s i n  f low is r e l a t e d  t o  i n i t i a l  f low 
r a t e .  C o r r e l a t i o n  a n a l y s i s  revea led  t h a t  
i n i t i a l  f low r a t e  is n e g a t i v e l y  r e l a t e d  t o  t o t a l  
r e s i n  f low ( r  = -0.80). This  r e l a t i o n s h i p  
impl ies  t h a t  about  36% of t h e  v a r i a t i o n  i n  t o t a l  
f low could n o t  be accounted f o r  by t h e  v a r i a t i o n  
i n  i n i t i a l  flow r a t e .  Hence, t h e  use  of  i n i t i a l  
f low r a t e  a l o n e  a s  a  means f o r  i n d i c a t i n g  
r e l a t i v e  s u s c e p t i b i l i t y  of t r e e s  t o  bark  b e e t l e  
a t t a c k  may n o t  be adequate.  Anderson and 
Anderson (1968) pointed o u t  t h e  e x i s t e n c e  of a  
d e f i n i t e  r e l a  t i o n s h i p  between o l e o r e s  i n  
exudat ion r a t e  (OER) and inc idence  and s u c c e s s  
of _-Eps a t t a c k s ,  whi le  Hodges and o t h e r s  (1 979) 
showed a h igh  p o s i t i v e  c o r r e l a t i o n  between t o t a l  
r e s i n  f low and r e s i n  flow r a t e ,  However, t h e i r  
flow r a t e  o r  exuda t ion  r a t e  is b a s i c a l l y  a  
r e f l e c t i o n  of t o t a l  f low,  s i n c e  r a t e  was 
determined over  a n  8-hour period and a  v e r y  h i g h  
percentage of t h e  t o t a l  flow occurs  i n  t h a t  
per iod  . 

R e l a t i v e  Resin V i s c o s i t y  

R e l a t i v e  r e s i n  v i s c o s i t i e s  of trees on t h e  
r i d g e  and bottom s i t e s  were combined f o r  
purposes of a n a l y s i s  because of inadequa te  
r e p l i c a t i o n s .  They were unaf fec ted  by any of 
t h e  stress t r e a t m e n t s  (Table 4).  However, a  



Table 3 . - - I n i t i a l  flow rates ( m m / m i n )  before and a f t e r  s t r e s s .  

Trea tmemt S e p t .  83" Oct. 83 Apr i l  84 July 84 

BOTTOM 

RIDGE 

*Means w i th in  a row followed by t h e  same l e t t e r  are not  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's Mul t ip le  Range; 
P <0.05). 

Table 4.--Relative v i s c o s i t y  (mmlsec) f o r  b o t t m  and r idge  combined. 

- - 

Treatment Sept .  83* Oct. 83 A p r i l  84 f  J u l y  84 

*Means w i th in  a  row followed by t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's Nu l t i p l e  Range; 
P <0.05). 

#A drop i n  temperamre f r m  75'F t o  6 5 " ~  from 12:00 t o  1:00 p.m. 

seasona l  v a r i a t i o n  was apptlrent. The Lack of 
s i g n i f i c a n t  t reatment  e f f e c t  prompted us t o  
ana lyze  v i s c o s i t y  i n  r e l a t i o n  t o  t o t a l  flow and 
t o t a l  monoterpene level (Table 5 j . Cor re l a t i on  
a n a l y s i s  revealed t h a t  t h e  more v i scous  t h e  
r e s i n  t ho  l e s s  t h e  t o t a l  flow ( r  = 0 . 7 6 )  f a r  a 
g iven  du ra t i on ,  and t h e  l e s s  t h e  t o t a l  
monoterpene Level ( r  = 0 . 6 3 ) .  Bodges and o t h e r s  
(19771, on  t h e  o the r  hand, found no  s b n i f i c a n t  
c o r r e l a t i o n  b e t e e n  v i s c o s i t y  and to ta l .  flow and 
be meen  v i s c o s i t y  and t o t a l  monoterpene Level i n  
t h e  same spec ies .  Such a discrepancy i s  
d i f f i c u l t  t o  r e conc i l e  cotlsidering t h a t  the  
aonoterpene nroieey of t h e  r e s i n  a c t s  a s  so lvent  
( R u n k l  and Knapp 1946) and an i nc r ea se  i n  i t  
reduces t h e  v i s c o s i t y  of t h e  r e s i n .  I n  
a d d i t i o n ,  Hodges and o t h e r s  (1977) found 
s i g n i f i c a n t  nega t ive  c o r r e l a t i o n s  between 
v i s c o s i t y  and t o t a l  flow, and &tween v i s c o s i t y  

Table 5 .--Correlation matr ix of t o t a l  flow, 
v i s c o s i t y  and t o t a l  monterpene, 

To t a l  R e L a  t i v e  To t a l  
Variables  Flow Viscos i ty  Monoterpene 

T o t a l  Flow 1.00 0.76 0.58 

Rela t ive 
Viscos i t y  

To t a l  
Nonot erpene 



a d  t o t a d  m n o t e r p e n e  l e v e l  f o r  a l f  t h e  major  
sou thern  p ines  except  Loblo l ly ,  In  s p i t e  o f  
t h i s  d i s c r e p a n c y ,  t h e  c o w e n s u s  is t h a t  r e s i n  
v i s c o s i t y  does p lay  an  important  r o l e  i n  t h e  
deferrr ; ive system of pine t r e e s  a g a i n s t  bark  
b e e t l e  a t t a c k  by delaying iknrediate e n t r y  i n t o  
t h e  i n n e r  bark and, t h e r e f o r e ,  reducing t h e  
l i k e l i f n o a d  of a s u c c e s s f u l  a t t a c k ,  

Monoterpene C m p n e n t  s 

The e f f e c t  of t h e  d i f f e r e n t  t rea tx len ts  on 
a l p h e p i - n e n e  became apparen t  a f t e r  7 months 
(Table  6 ) .  The i n c r e a s e  i n  alpha-pinene i n  
r e s p o m e  t o  t h e s e  s t r e s s  t r e a t m e n t s  p a r a l l e l s  
t h a t  o f  Nodges and L o r i o ' s  (1975) f i n d i n g s  wi th  
wate r  s t r e s s ,  M s o ,  a lpha-p inene  i n c r e a s e s  i n  
l i g h t n i a g - s t r u c k  l o b l o l l y  p i n e  t r e e s  (Blanche 
and o t h e r s ,  i n  p r e s s ) .  Because alpha-pinene i s  
known to i n c r e a s e  a t t r a c t i v e n e s s  of t h e  h o s t  t o  
b a r k  b e e t l e s  through i t s  s y n e r g i s t i c  e f f e c t  w i t h  
f r o n t a l i n ,  wounding due t o  t h i n n i n g  can 
t h e r e f o r e  render  such t r e e s  c e n t e r s  of b e e t l e  
a t t r a c t i o n ,  

On t h e  r i d g e  s i t e ,  carnphene increased  7 
months a f t e r  r o o t  pruning on  2 s i d e s  (R2) and 
b o l e  s c a r r i n g  (S) (Table 7 ) .  Bole s c a r r i n g  
caused a s i m i l a r  i n c r e a s e  i n  camphene on t h e  
bottom s i t e .  '&ether changes i n  camphene a f f e c t  
h o s t  s u s c e p t i b i l i t y  o r  n o t ,  i s  n o t  known. 

Bera-pinene l e v e l  was unaf fec ted  by any of 
t h e  t r e a t m e n t s  on t h e  r i d g e  s i t e  (Table 8) .  On 
t h e  b o t t o m  s i t e ,  b o l e  s c a r r i n g  r e s u l t e d  i n  a n  
i n c r e a s e  i n  t h e  beta-pinene Level 10 months 
a f t e r  s t r e s s .  While t h i s  monoterpene i s  n o t  

known t o  be d i r e c t l y  involved i n  t h e  i n t r i g u i n g  
chemical c m m a n i c a t i o a  of t h e  sou thern  p i n e  bark  
beetles, i t  has been observed t o  repel t h e  
Douglas-f i r  bee tLe (Reikkenen and H r u t f i o r d  
1965). 1.E beta-pirmene p l a y s  a s i m i l a r  r o l e  i n  
r e p e l l i n g  sou thern  pine bark b e e t l e s ,  t h e n  b o l e  
s c a r r i n g  m y  make p i n e  t r e e s  r e l a t i v e l y  less 
a t t r a c t h e ,  

Myrcene and be ta-phel landrene Leve ls  w e r e  
unaf fec ted  by t h e  t rea tments  on bo th  s i t e s .  
Limonene increased  i n  response only t o  b o l e  
s c a r r i n g  10 months a£ t e r  s t r e s s  i m p o s i t i o n  
(Table 9 ) .  S ince  Limonene i s  b o r n  t o  be t h e  
most t o x i c  monoterpene t o  sou thern  p i n e  b e e t l e  
( C o p e  and L o t t  1976) and t o  3 o t h e r  s p e c i e s  of 
Dendroctonus (Smith 59631, i t s  i n c r e a s e  i n  
r e s p n s e  t o  bo le  s c a r r i n g  f u r t h e r  s u p p o r t s  t h e  
resis tance-enhancing e f f e c t  of t h i s  type  of  
th inn ing  i n j u r y .  

There was a g e n e r a l  i n c r e a s e  i n  t h e  t o t a l  
monoterpene l e v e l s  i n  t h e  wounded t r e e s  from t h e  
bottom s i t e  7 months a f t e r  s t r e s s  i m p o s i t i o n  
(Table 10) .  The same t r e n d  was observed i n  t h e  
r i d g e  s i t e  excep t  f o r  SR1 which caused a n  
e a r l i e r  i n c r e a s e  (2 weeks a f t e r  i n j u r y )  and a n  
e a r l i e r  d e c l i n e  (7 months a f t e r  s t r e s s ) .  
Ev iden t ly ,  most of t h e s e  changes were a c t u a l l y  
due t o  t h e  changes i n  t h e  l e v e l s  of a l p h a  
pinene. The i m p l i c a t i o n  of t h e s e  i n c r e a s e s  i n  
t o t a l  monoterpene t o  h o s t  s u s c e p t i b i l i t y  t o  bark  
b e e t l e  a t t a c k  h a s  n o t  been c l a r i f i e d ,  bu t  t h e  
s p e c u l a t i o n  i s  t h a t  t o t a l  monoterpene enhances 
hos t  s u s c e p t i b i l i t y  through i t s  r o l e  i n  h o s t  
a t t r a c t i v e n e s s .  

Table  6 ,  --Levels of a lpha-pinene (mg/lO mg r e s i n )  b e f o r e  and a f t e r  t rea tment .  

Trea tmeznt Sep t .  $3" Oct. 83 A p r i l  84 J u l y  84 

BOTTOM 

C 
R1 
R 2  
S  
S R I  
SR2 

RIDGE 

*Hems w i t h i n  a row followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's M u l t i p l e  Range; 
P ( 0 .  0 5 ) .  



Table 7 ,--Levels of camphene (mg/100 mg of r e s i n )  b e f o r e  and a f t e r  s t r e s s i n g ,  

Trea trnent Sept . 83* Oct. 83 A p r i l  84 J u l y  84 

BOTTOM 

*Heans w i t h i n  a  row followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's Mul t ip le  Range; 
P ~ 0 . 0 5 ) .  

Table 8 .--Beta-pinene l e v e l s  (mg/ 100 mg r e s i n )  b e f o r e  and a f t e r  stress impos i t ion .  

Treatment Sep t  . 83* Oct. 83 A p r i l  84 J u l y  84 

BOTTOM 

RIDGE 

*No s i g n i f i c a n t  d i f f e r e n c e s .  



Table 9 ,  --Levels of limonene (mg/100 mg r e s i n )  b e f o r e  and a f t e r  s t r e s s  t r e a t m e n t s ,  

Trea t m e n ~ t  Sept .  83" Oet. 83 A p r i l  84 J u l y  84 

BOTTOM 

RIDGE 

*Means w i t h i n  a  row followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's M u l t i p l e  Range; 
P (0.05) .  

Table 10. --Levels o f  t o t a l  monoterpene (mg/ 100 mg r e s i n )  be£ o r e  and a f t e r  s t r e s s  impos i t ion .  

Trea tment  Sept .  83" Oct. 83 A p r i l  84 J u l y  84 

BOTTOM 

RIDGE 

C 
RL 
R 2  
S 
SRI  
SW2 

*Means wi th in  a row followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (DuncanTs M u l t i p l e  Range; 
P <0,05). 



Stern E l e c t r i c a l  Res i s tance  

Stem e l e c t r i c a l  r e s i s t a n c e  (SER) was used 
i n  t h i s  s t u d y  a s  a p o t e n t i d  means of i n d i c a t i n g  
s t r e s s  i n ,  o r  p h y s i o l o g i c a l  v igor  o f ,  i n d i v i d u a l  
t r e e s .  Wargo and S k u t t  (1975) have shown t h i s  
measure t o  be an  e f f e c t i v e  i n d i c a t o r  of s t r e s s  
i n  f o r e s t  t r e e s ,  and Smith and o t h e r s  (1976) 
have demonstrated t h e  e f f e c t i v e n e s s  of t h i s  
measure i n  d e t e c t i n g  d i f  Eerences be w e e n  
nonre leased ,  r e l e a s e d ,  and r e l e a s e d - f e r t i l i z e d  
paper  b i r c h  t r e e s ,  

I n  i n t e r p r e t i n g  t h e  r e s u l t s  on SER (Table 
111, i t  should be pointed o u t  t h a t  a h i g h e r  SER 
means g r e a t e r  s t r e s s  o r  lower ~ h y s  i o l o g i c a l  
vigor .  Root pruning on 2 s i d e s  caused a 
s i g n i f i c a n t  i n c r e a s e  i n  SER of  b o t  tom-site t r e e s  
two weeks a f t e r  s t r e s s .  Bole s c a r r i n g  caused a 
s i g n i f i c a n t  d e c l i n e  i n  SER of  t h e  r idge  t r e e s  
thus  f u r t h e r  confirming t h e  resis tance-enhancing 
e f f e c t  of t h i s  kind of th inn ing  i n j u r y .  The 
e a r l i e r  recovery of t h e  t r e e s  from t h e  r i d g e  
than  those  from t h e  bottom, s u g g e s t s  t h a t  t h e  
t r e e s  from t h e  bottom experienced g r e a t e r  s t r e s s  
than  those  from t h e  r i d g e .  Improvement i n  t r e e  
r e s i s t a n c e  t o  bark b e e t l e  a t t a c k  due t o  bo le  
s c a r r i n g  and t h e  r e d u c t i o n  i n  i t  due t o  r o o t  
pruning a r e  s u b s t a n t i a t e d  by t h e  stem e l e c t r i c a l  
r e s i s t a n c e  . 

1, The e f f e c t  of t h e  t rea tments  on t o t a l  
r e s i n  f low i s  s i m i l a r  t o  what has been found 
prev ious ly  (Nebeker and o t h e r s  1983)- The r e s t  
of t h e  s u s c e p t i b i l i t y  i n d i c a t o r s  ( i n i t i a l  f low 
r a t e ,  r e s i n  xz i scos i ty ,  t o t a l  monolerpene l e v e l ,  
and stern e l e c t r i c a l  r e s i s t a n c e )  were a f f e c t e d  
d i f f e r e n t l y  by t h e  t rea tments .  More 
i m p r t a n t l y ,  based on t h e s e  two s t u d i e s ,  t h e  
t r e e s  i n j u r e d  dur ing  t h e  s p r i n g  recovered much 
f a s e e r  than  those  i n j u r e d  during t h e  f a l l .  

2. S ince  g r e a t e r -  t o t a l  r e s i n  f low 
i n d i c a t e s  h i g h e r  r e s i s t a n c e  t o  b e e t l e  a t t a c k ,  
bole s c a r r i n g  may temporar i ly  i n c r e a s e  
r e s i s t a n c e  h e r e a s  r o o t  pruning reduces i t .  

3. S ince  g r e a t e r  t o t a l  f low i s  
accmpaniexl by a h igh  l e v e l  of alpha-pinene, a 
t r e e  considered r e s i s t a n t  may a l s o  be a t t r a c t i v e  
t o  b e e t l e s .  

4 .  The g r e a t e r  t h e  r e s i n  v i s c o s i t y ,  t h e  
l e s s  t h e  t o t a l  r e s i n  f low and t h e  lower t h e  
rnonoterpene l e v e l .  

5. Stem e l e c t r i c a l  r e s i s t a n c e  can 
i n d i c a t e  p h y s i o l o g i c a l  vigor  and/or  t r e e  
s u s c e p t i b i l i t y  t o  bark  b e e t l e  a t t a c k .  

Table 11,--Stem e l e c t r i c a l  r e s i s t a n c e  (K Ohms) b e f o r e  and a f t e r  s t r e s s  t rea tments .  

Treatment Sept .  83* Oct. 83 A p r i l  84 J u l y  84 

BOTTOM 

RIDGE 

*Means w i t h i n  a row followed by t h e  same letter a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (Duncan's Mul t ip le  Range; 
P 7 0 . 0 5 ) .  

**Shigometer malfunct ioned.  
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HAZARD RATING SYSTEMS A I D  SOUTHERN PINE 

BEETLE PREVENTION IN TEXASL~ 

Charles M. ~ r ~ a n t a  

Abstract. --Prevention i s  the key to successful southern 
pine beetle (SPB) management. Two primary preventive nxlasures 
needed for long-term SPB protection are: 1) hazard rating to 
identify the areas most likely to suffer severe SPB problems 
and 2 )  silvicul tural treatments to reduce the probability that 
severe SPB problems will occur. Hazard rating systems can be 
used on several levels to support integrated SPB management 
operations. Regional and state managers can use area hazard 
rating systems to direct SPB management resources to the loca- 
tions where they will be most effectively utilized. Stand 
hazard rating can be used to direct attention to individual 
stands that have a high potential for beetle-caused losses. 

Hazard rating systems are being implemented in Texas with 
considerable success. Commercial pine stands in a 1.1 million 
acre area were mapped, hazard rated, monitored for treatments 
to reduce hazard, and monitored for SPB incidence. On a per 
acre basis, 3 times as many infestations occurred on high and 
extreme hazard stands as occurred on low and moderate hazard 
stands. Over 11.8 million acres in Texas were hazard rated 
using an area-wide system developed by the Texas Forest Service. 
Although only 5% of the mapped area was rated high hazard, 
these blocks contained almost 40% of the SPB infestations de- 
tected in 1982-1983. 

INTRODUCTION 

The southern pine beetle (SPB) i s  recognized 
as one of the most destructive pests of southern 
pine forests. However, problems caused by SPB are 
not entirely due to the insect, b u t  arise from a 
complexi ty of insect, host, and er~vi ronmental fac- 
tors. Historically, SPB management has been di- 
rected a t  controlling the insect through a cris is  
response approach to the problem. Today however, 
the forestry community must recognize that to 
effectively manage SPB, an integrated approach must 
be used, incorporating a variety of techniques that 
are avai lable for managing the problem. This pre- 
ferred approach to SPB management involves a corn- 
prehensi ve strategy of early detection, prompt eval- 
uztion , prompt control, and preventive management, 

L/ Paper presented a t  the Southern Silvicul- 
tural Research Conference, At1 an ta ,  Georgia. 
November 7-8, 1984. 

2/ Formerly, Project Forester, Texas Forest 
Service, Forest Pest Control Section, Lufkin, TX. 
Currently, Forester, Texas Forest Service, District 
12, R t .  7, Box 151, Conroe, TX, 77384. 

The key element of integrated SPB management; the 
cri t ical  measure needed for long-term SPB prote.ction, 
i s  preventive management. 

The SPB prevention premise states that the 
distribution of SPB infestations i s  not uniform, 
particular areas (or  stands) are more susceptible 
to SPB than others, specific factors can be evaf uated 
to assess SPB susceptibi 1 i ty, and measures can be 
taker1 to modify susceptibility to SPB attack. 
Specifically, two nxlasures must be taken to protect 
southern pine forests from SPB infestation. These 
are : 

1) Hazard rate pine stands and 
forested areas for SPB 
susceptibility. 

2) Manage high hazard stands and 
forests to promote stand and 
forest heal t h  , growth, vigor, 
and to reduce SPB hazard. 



There are a number of hazard rating systems 
avai 1 a b l e  for assessing southern pine suscepti bi 1 i ty 
to SPB (Mason 1984). In Texas, two hazard rating 
systems are comonly used, one designed for indi- 
vidual stands and the other for large forested 
areas. These systems are being used to identify 
potential problem areas, to detemine which stands 
need s %  1 vicul tural t reatwnts to reduce SPB-caused 
losses, to evaluate the resource or host potential 
for SPB outbreak, and to s e t  improved priorities 
for SPB management actions. 

STAND HAZARD RATING 

Foresters have observed for many years that 
SPB infestations occur repeatedly on s i tes  and in 
stands with similar characteristics. Indeed, some 
individual stands have been noted for nearly con- 
tinuous , year-after-year SPB i nfestation. Typically 
SPB problem stands were observed to be overstocked 
or overmature. I t  was noticed that s i tes  were 
usual 1 y low-lying and poorly drained. Recently 
these observations have been documented through an 
extensi ve research effort .  

Following major SPB outbreaks in the early 
1970is, the USDA Forest Service embarked on an 
ambitious effort  to gather knowledge for a better 
understanding of the SPB problem and to develop 
effect i  ve techniques to manage the pest. This 
project--the Expanded Southern Pine Beetle Research 
and App 1 i cations Program (ESPBRAP) --was charged 
with t h e  task (among others) of identifying and 
quantifying s i t e  and stand factors associated with 
SPB infestat ions.  Seven projects in seven states 
were funded and coordinated by ESPBRAP to collect 
standardized s i t e  and stand data from over 3,300 
control (infested) and baseline (uninfested) plots. 
Site and stand factors incl uded: soi 1 descriptions, 
slope, landform, tree species, disease, dbh,  total 
height, height to live crown, bark thickness, radial 
growth, stand basal area, species composition, stand 
origin, stand age, average diameter, density, dis- 
turbance, and size of infestation. 

Goster and Searcy (1981) reported in summary, 
that in the Gul f Coastal. Pl ain region SPB infesta- 
tions frequently occurred on wet, 1 ow-lying sf tes 
with high s i t e  index. Infested stands often con- 
tained higher volume and higher basal area than 
uninfested stands. 

T h e  ESPBRAP s i t e  and stand data collected in 
Texas (Hicks e t  a l .  1981) becam the data source 
for the development of a stand hazard rating system 
a t  Stephen F. Austin State University. Six factors 
(species , composition, percent pine crown closure, 
average dbh, pine basal area, stand height, and 
landform) were selected for use in the hazard r a t ~ n g  
sys tem an the basi s of ease of appl ication , ease 
of data collection, and suitabil i ty for photo- 
interpretation. Original data val ues wem converted 
into broad classification codes. The simplified 
values were used as independent variables for a 
step-wise discriminant analysis process designed 

to select the most significant variables for  dis- 
criminating between i nfes ted and uninfes ted stands. 
The resulting discriminant function i s  : 

DS = -5.90 + 1.09 PEA + 0,65 SH + 0.56 L F  

where : 

DS = discriminant score 
PBA = pine basal area 
SH = stand height 
LF  = landform 

The function was then applied to the original 
data se t  to produce a distribution curve of discrim- 
inant scores which was subdivided to establish low, 
moderate, high, and extreme hazard rating classes 
(Mason e t a1 . 1981). 

The SPB stand hazard rating system (the Texas 
stand hazard rating system) defines two basic types 
of high hazard stands.. .dense, overstocked stands, 
and mature stands. Stands that are both overstocked 
and overmature are rated extreme hazard. Typically, 
high hazard overstocked stands are located on side- 
slope landforms. Pine basal area exceeds 120 sq. 
ft . /acre and stand height i s  between 50 and 75 feet .  
The system rates similar stands located on bottom- 
land landforms or with stand height over 75 fee t  as 
extreme hazard. 

Stands that are not overstocked may be rated 
high hazard i f  pine basal area i s  between 81 and 
120 sq, f t . /acre,  stand height exceeds 75 feet ,  and 
the stand i s  located on a bottomland s i t e .  

The Texas system was f i r s t  implemented on a 
large scale as a part of a two county (Polk and 
Tyler) SPB technology demonstration project by the 
Texas Forest Service (TFS) (funding was provided by 
the USDA Forest Service Integrated Pest Management 
Program). Medium scale (1:20,000) 1978 color infra- 
red photographs were used to map the 1.1 million 
acre area. Stands were delineated on US Geological 
Survey topographic maps. The resulting maps were 
superimposed to produce a s tand/l andform map from 
which the hazard ratings were calculated. High 
a1 t i  tude aeri a1 photography (NASA 1981, scale 
1:120,000) was used to update the hazard maps for 
clearcuts and thinnings. The final hazard map over- 
lays were produced for 7% minute US Geological Sur- 
vey orthophotographi c-quadrangle maps. Final acre- 
ages (1981) for current host, potential host (clear- 
cuts and young pine plantations), and non-host were 
compiled as follows: 

Acres 

Current host 638,000 
high and extreme hazard 70,000 
moderate hazard 15 3,600 
1 ow hazard 4 15,000 

Potential host 297,000 



Copies of the overlays were d i s t r i b u t e d  t o  TFS 
offices in the two county a r e a  where they a r e  cur- 
ren"ily eava?'lable fo r  use by TFS foresters, n o n -  
industrial private forest Sanbowriers , consul t j n g  
foresters, and other interested individuals , Nsn- 
industrial p r i v a t e  landowners with h i g h  and  extreme 
hazard stands were n o t i f i e d  ( v i a  direct mailout) of  
the potential for  SPB infes ta t ion i n  their stands 
and they were encouraged t o  t h i n  o r  harvest when 
pulp and timber markets are favorable. 

Major industrial 1 andowners wem prsvi ded w i  t h  
copies of the naps showing hazard ratings for their 
ownerships, In turn, the industrial landowners 
were asked t o  provide information on the curEnt 
status and 5-year plans for their high and extrem 
hazard stands . Over 56:; of the i ndti-s l r i  a l  high and 
extrem hazard stands were harvested or thinned by 
1982 and 50% of the remaining stands were scheduled 
for treatrent by 1985. 

The wappearance of SPB in Texas during 1982- 
1984 provided an opportunity do validate the Texas 
SPB stand hazard rating system, During this period, 
254 confirmed SPB infestations were detected in 
Polk and Tyler counties on low, modera&, high, and 
extrew hazard stands, Twenty-four percent of the 
infestations occurred in high and extreme hazard 
stands. Many of  the infestations in low and nroder- 
a t e  hazard stands were located i n  h - igh  density or 
high hazard pockets t h a t  wew too small (<I0 acres) 
to be mapped as separate stands. Regardless, the 
concentration of infestations in high and extreme 
hazard stands was substantial ly greater than in low 
and modera& hazard stands, with 3 spots per 10,000 
acres of low and moderate hazard stands compared to 
9 spots per 10,000 acres of high and extrew hazard 
stands. 

Interestingly, 22 additional infestations were 
detected in areas mapped as young pine plantations. 
This indicates one of two possibi l i t ies .  Either 
stands previously thought to be too young to be con- 
sidered host material are in fact  susceptible to SPB 
or stands previously classified as young pine plan- 
tations have grown into a current host class (possi- 
bly moderate hazard). 

In 1984, over 90 SPB infestations detecbd i n  
the Polk and Tyler counties demonstration area were 
visited do determine i f  infested stands had been 
thinned. Only 2 of 90 infestations occurred in 
thinned stands.  Both stands had been row thinned 
and bo th  infestations becaw inactive without con- 
t ro l ,  k i i  l ing 50 and 25 trees, In  several cases, 
infestations had expanded i n  unthinned stands until 
they reached the edge of  a thinned stand. A t  this 
point, the infestations ei ther  becam inactive or 
continued expanding only i n  the unthinned stand. 

AREA HAZARD RATING 

As particul ar  pine stands are prone t o  SPB, so 
are particular f o ~ s t e d  areas. During the period 
1373 to 1977, 20% of the total susceptible acreage 

sustained over ha l f  of the SPB inJ'E?stations and ca. 
85:; of  the to t a l  volume k i l l ed  (Billings and Bryant 
3383). Recognizing t h a t  by defining the s i t e  and 
s t and  patterns that characteri ze i nfes ta t?  on-prone 
areas and the occurrence of outbreak papul ations 
of  SPB, the Texas Forest Service developed a hazard 
r a t i n g  system designed to  identify areas that h a w  
the greatest potential For severe SPB-caused 1 osses. 

The  area-wi de hazard rating system developed 
by TFS adopted as a r a t i n g  u n i t  the 5 minute by 5 
ml" nute, ca .  28,000 acre grid block system established 
i n  Texas for wil d f i  re and  SPB operations. Discrim- 
inant analysis was used to formulate an equation 
t h a t  separates grid blocks into two SPB incidence 
severi ty groups given the abundance and distribution 
of  susceptible pine host type, Grid blocks with 
80 or more i nfestations (>I0 infested trees) during 
a 5-year period (1973-1977) were classified as highly 
susceptible. 

Discriminating variables were obtained by aer- 
ial photo- in terp~ta t i  on of s i te/s tand factors from 
h i g h  al t i  tude (scale 1: 120,000) color infrared NASA 
aerial photographs (November 1974) of 30 sample grid 
blocks, An acetate template, equal in size to a 
single grid block with 20, ca. 30 ~ C E  circular 
sample plots systematically arranged in 5 rows and 
4 columns, was used to provide a 3% sample of each 
grid block. 

Each of the 20 circular plots was classified 
as fo1 lows : 

Non-host 0 
Young pine 1 

( less than 15 years) 
Pine host 2 

(15 years o r  more) 

For each circular plot classified as pine host 
(code 2), the following additional data were 
co1 lected: 

Factor Val ue Classification 

Percent pine coverage 15-69% 1 
=-TO% 2 

Percent pine crown closure 980% 1 
280% 2 

Landform other terrain I 
b s  t tom1 and 2 

Discriminating variables ( A  to J) inc7 uded 
each possible combination of the four photo inter- 
preted factors. For each grid block, the input 
value for a particular variable was equivalent to 
the frequency of circular plots wi t h  that particular 
factor combination, 
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decisions a t  the s t a t e  o r  regional level  can be 
guided by the county hazard r a t ing  system. Manage- 
mnt resources can be d i rec ted  t o  top ranking coun- 
t i e s  where SPB problems are  expected t o  be most 
severe. 

The area  hazard ra t ing  system a l so  provides 
decision support  f o r  s t a t e  o r  regional managers as  
well as individual landowners, S ta t e  entomologists 
can use the sys tem t o  eval uate trends in hos t  avai l -  
a b i l i t y  and the spa t i a l  d i s t r ibu t ion  of SPB host  
type. By ut i  l i zing beet le  a c t i v i t y  level informa- 
t i  on (SPB r i s k  r a t i  ng) entomol ogi s t s  can p red ic t  
which g r id  blocks may s u f f e r  severe SPB problems in 
a pa r t i cu la r  year  and provide f o r e s t  landowners and 
managers wi th t h i s  i n f o m a t  ion. Landowners wi t h  
t r a c t s  in g r id  blocks iden t i f i ed  as high hazard o r  
r i sk  should consider the fol  lowing: 

I )  Stand hazard mapping t o  determine 
which stands within a g r id  block 
have the  g rea te s t  potent ia l  f o r  
problems, 

2) modification of harvest  o r  thin- 
ning schedules t o  prevent monetary 
losses by harvesting mature stands 
before an outbreak occurs and t o  
reduce the potent ia l  f o r  outbreaks 
by reducing the hazard and increas- 
ing the heal t h  and vigor of stands , 
an d 

3)  s e t  top p r i o r i t y  f o r  SPB detection 
and control .  

Individual stands i d e n t i f i e d  as high hazard 
(pa r t i cu la r ly  those in  high hazard o r  r i sk  gr id  
blocks) should be considered f o r :  

1) s i l v i c u l t u r a l  treatments 
2) top p r i o r i t y  f o r  control ,  and 
3) pes t  moni toring.  

As mentioned pr@viously, problem stands are  
usual l y  character i  zed as overstocked andlor over- 
mature. Recommended s i  1 vicul tura l  treatments t o  
reduce hazard vary depending on stand condi t ions . 
General l y  however, dense overstocked stands should 
be thinned t o  70 t o  90 sq. f t - / a c r e  pine basal area.  
Overmature s tands ,  because they have passed t h e i r  
g rea te s t  potent ia l  f o r  growth and probably wi l l  nod 
respond well t o  thinning, should be harvested, 
Market condit ions and s o i l  moisture (pa r t i cu la r ly  
on bottomland s i t e s )  may d ic t a t e  when harvest  o r  
thinning can be scheduled. I f  high and e x t r e w  
hazard stands cannot be t r ea ted ,  they should be 
monitored c losely  f o r  SPB in fes t a t ions  and when 
act ive  in fes t a t ions  are &tected  they should be 
promptly control led.  

competition problems. In s h o r t ,  s i l  v icul tura l  
treatments t h a t  promote heal thy growing stands of 
h igh  qua l i ty  pine timber a t  moderate stocking l eve l s  
wi l l  provide long-term protection from SPB. Good 
sound f o r e s t  management i s  good SPB management. 
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TmORIES OF INTERACTIONS AT.fONG BARK BEETLES, 

ASSOCIATED MICROORGANISMS, AND HOST TREE&' 

2 1 
Peter L. Lorio, Jr., and John D. Bodges- 

Abstract.--The oleoresin system of southern pines 
is assumed to be the primary defense mechanism against 
bark beetle attack and colonization by associatea 
fungi. A general theory based on growth and differen- 
tiation balances in plants is used to explain why the 
oleoresin system's effectiveness will vary considerably 
with seasons in the absence of any abnormal stresses. A 
second theory states that resistance to bark beetle attack 
is a function of the ease of fungal inoculation and 
establishment. 

INTRODUCTION 

Foresters and forest entomologists have 
struggled for years to understand the interac- 
tions of the southern pine beetle, Dendroctonus 
frontalis Zimm., with trees and the basic causes 
for the onset of outbreaks of this insect (Price 
and Doggett 1982, Thatcher and others 1980, 
Thatcher 1960, Dixon and Osgood 1961). In some 
of the earliest reported work, Hopkins (1892, 
1899) proposed that the southern pine beetle 
swarmed into forests previously not affected by 
the beetle and caused enormous mortality of 
healthy, vigorous trees, at least partly because 
of a lack o natural enemies. Craighead (1925), 
MacAnndrews , /  Hetrick (1949), and others sub- 
sequently reasoned that some'factor or factors 
such as drought, excessive rainfall, and various 
disturbances sbch as lightning strikes, ice 
storms, and wind adversely affected tree phy- 
siology and were precursors of outbreaks. 
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The prevailing hypothesis states that the 
physiology of the host trees becomes in some way 
abnormal, thus causing trees to be especially 
susceptible to bark beetle attack. Berryman 
(1972) stresses this idea in an attempt to 
develop an inclusive hypothesis of conifer 
resistance to bark beetles. In spite of the 
speculation in the abundant literature, 
outbreaks of the southern pine beetle develop 
and collapse as mysteriously as they did in the 
early 1900's (Price and Doggett 1982). Although 
somq factors, such as excessive stocking, 
senesbence, and root disease, are recognized as 
being conducive to outbreaks (Hicks 1980, 
Belanger 1980), adequate understanding of site, 
tree, and stand relationships with southern pine 
beetle activity and population dynamics is 
lacking. These destructive forest pests have 
remained puzzling organisms in spite of over 70 
years of research. 

The general level of knowledge concerning 
the southern pine beetle was most recently 
brought together in USDA Technical Bulletin IS31 
(Thatcher and others 1980)* At this stage in 
research on this important insect pest of 
southern pine forests, many gaps in knowledge 
persist with regard to the beetle, associated 
microorganisms, and the host trees. For 
example, researchers continue to question the 
means by which host trees are killed. A 
generally proposed hypothesis states that the 
southern pine beetle kills pines by boring 
through the outer bark to the cambial layer, 
excavating egg galleries in the phloem, and 
effectively girdling the trees over much of the 



clear bole. However, southern pines are well 
known to live for long periods fo l lowing  simple 
girdling* Also, it has cot been possible to 
satisfactorily simulate the type of girdling 
caused by the beetles and produce the  apparent 
rapid killing associated with beetle attacks. 
Therefore, some researchers, including the 
second author of this paper, believe that other 
factors play a role in the process. 

Microorganisms, especially the bluestain 
fungus, Ceratocystls minor (Wedgcock) Hunt, are 
generally thought to play important roles in 
bark beetle biology, Some investigators believe 
that the bluestain fungus is the primary killing 
agent and that the beetle is dependent upon 
fungal colonization for suecessfuL attack. 
However, the mechanism by which the fungus 
affects the physiology of beetle-attacked trees 
has not been satisfactorily demonstrated. 

Whatever the nature of the process in which 
beetle-attacked trees are killed, it is clear that 
the oleoresin system in southern pines must play 
an important role. Both the primary resin system, 
most evident in the network of vertical and radial 
resin ducts in the xylem, and any resin produced 
in response to wounding or fungal infection 
influence both beetle activity and fungal growth. 

Oae objective of this paper is to present a 
general concept that provides a sound basis for 
conducting and evaluating the results of research 
on beetle-host or microorganism-host interactions. 
A second purpose is to elaborate on a theory of 
beetle-microorganism-tree interactions, to 
illustrate how current knowledge in this area 
applies to the general concept, and to propose 
how this concept can be used to guide future 
research on these interactions. 

We probably should point out that the authors 
have concurrently, but separately, arrived at 
their positions and that they are not in total 
agreement. Individual contributions on the same 
subject matter are either in the process of publi- 
cation or have already been published elsewhere. 

higher content of Iignin, wax, and other 
materials (Loonis 1983). In a nontechnical 
sense, plants tend to grow when conditions are 
optimum for growth, and they tend to do other 
things (differentiate) when conditions for 
growth are suboptimuro. 

Loomis (1932), following eomon practice, 
divided the development of plants into three 
more or less distinct but overlapping phases: 
cell division, cell enlargement, and cell dif- 
ferentiation- The first two are generally con- 
sidered together as elements of growth involving 
increase in plant size. The third has to do 
Largely with changes in morphology as a result 
of pre-existing chemical conditions in the cells 
or tissue involved. For the purposes of growth- 
differentiation balance, Loomis defined dif- 
ferentiation as the sum of the chemical changes 
that occur in maturing cells and of the morpho- 
logical changes that result from these chemical 
conditions. Examples of differentiation pro- 
cesses, as provided by Loomis (1953) are: 
thickening and lignification of secondary cell 
walls, thickening of leaf cuticle, hardening of 
protoplasm, formation of specific flowering 
substances, and production of cellular inclu- 
sions such as gum, resin, essential oil, or 
similar products. 

Growth, involving cell divislon and cell 
enlargement, is dependent upon an array of 
internal and external factors, including tem- 
perature, water, oxygen, sugar, inorganic 
nutrients, enzymes, and hormones. As long as 
all factors are favorable for growth, growth 
processes predominate over differentiation. 
Differentiation is dependent primarily upon tem- 
perature and sugars and is dominant only when 
conditions other than temperature and photo- 
synthate supply are below optimum for growth. A 
shift to differentiation typically produces 
more cuticle, thicker cell walls, more resistant 
protoplasm, and more cellular inclusion products 
(oils, gums, resins, etc.). 

EXAE-IPLES OF GROWTH-DIFFERENTIATION BALANCE 
GROWTH-DIFFERENTIATIOH BALh'dCE W PLANT BE%iTIOR 

The concept of growth-differentiation balance 
(Loomis 1932, 1953) provides a convenient and 
simplified scheme for predicting or explaining 
plant behavior. Loomis offered the concept as an 
improvement over the carbon-nitrogen balance and 
not as a complete and final statement of develsp- 
neneal processes in plants (Loontis 1932). In 
current terminology, the concept has to do with 
source-link relationships and the partitioning of 
photosynthate in plants, but it also gives a 
rationale for partitioning. For example, with 
water not limiting, pkotosynthates are used pri- 
marily in growth, and the new biomass consists 
largely sf proteins and cellulose, with little 
differentiation. Also, under mild stress, dif- 
ferentiation is favored, and the biomass has a 

Research on guayule for the production of 
rubber demonstrated the requirement for some 
degree of water deficit in order to maximize 
rubber production (Veihmeyer and Hendrickson 
1961). Kevea rubber production is similarly 
quite dependent on a reduction in growth and an 
increase in differentiation. Buttery and 
Boatman (19761, in a review of research on rubber 
production, point out that the capacity of trees 
to supply sucrose to Laticifers depends on 
availability of reserve carbohydrates, the pho- 
tosynthetic capacity of the trees, the transport 
sf sucrose, and the demands of other tissues in 
the tree for the saae material. 

The competition between wood formation and 
the biogenesis of oleoresin in pines is another 



example of growth-differentiation balance 
(Loomis 1953). For southern pines growing in 
the Southeastern United States, the most comon 
limitins seasonal growth factor is water. And 
the effects of water deficits on tree growth and 
development have been a subject of major 
interest in forest science (Zahner 1968, 
Rozlowski 1968-1981). However, water deficit 
has been given little attention in terms of its 
possible. beneficial effects on the fornation of 
differentiation products, such as the oleoresin 
of pines. Growth-differentiation balance deter- 
mines wben during the growing season and in what 
tissues resin ducts are formed and oleoresins 
are produced. Factors that affect tree crown 
development and radial growth likewise affect 
the potential synthesis of oleoresin and its 
flow iron wounds. 

APSLICATION OF GROWTH-DIFFERENTIATION 
BALANCE TO THE BARK BEETLE PROBLEM 

The seasonal activity of cambial meristems, 
with earlywood-latewood relationships, and the 
seasonaf production of oleoresin form the basis 
for understanding tree resistance to attack by 
the southern pine beetle and to infection by 
associated fungi. According to the concept of 
growth-differentiation balance, trees should 
produce relatively little oleoresin in the 
spring because conditions are generally 
favorable for growth. As moderate water defi- 
cits develop, growth slows, photosynthates accu- 
mulate, and differentiation processes become 
dominant. Warm temperatures and an abundant 
supply of sugars, coupled with moderate water 
deficits that slow growth, permit increased pro- 
duction of oleoresin. And the warm temperatures 
facilitate resin flow from wounds by lowering 
resin viscosity. 

Because of relationships involving growth- 
differentiation balance, well-hydrated, fast- 
growing trees may be quite susceptible to beetle 
attack from time to time--especially in the 
spring. Application of the concept eliminates 
the requirement for some abnormal physiological 
condition, such as moisture stress, to pre- 
dispose trees to beetle attack; however, we know 
that severe water deficit will certainly ensure 
successful beetle attack (Lorio and Hodges 
1977). On the other hand, the concept provides 
a rationale for understanding why such factors 
as dense stands, old age, and root disease are 
cornonly associated with the susceptibility of 
trees to attack. 

Growth-differentiation balance applied to 
bark beetle-microorganism-tree interactions pro- 
vides a sound basis for developing a real 
understanding of these interactions and a philo- 
sophical basis for the development of future 
research. 

ROLE OF FUNGI IN RESISTANCE OF 
TEES TO BARK BEETLE ATTACK 

Several species of fungi are known to be 
associated with the southern pine beetle 
(Francke-Grossman 3.965, Barras 1967, Barras and 
Perry 1972),and a special relationship has 
evolved between the beetle and the fungi. 
Spores of the bluestain fungus are almost 
invariably carried on mites that are phoretic on 
the southern pine beetle (Bridges and Moser 
1983). Other fungi are carried in a special 
organ or structure called the mycangium, near 
the head of the female beetle. Apparently, at 
least some of these fungi are necessary for suc- 
cessful attack or development of the beetle, but 
the relationship needs further study. 

Early investigations implicated the 
bluestain fungus in the death of the tree (Caird 
1935, Craighead and St. George 1938, Bramble and 
Holst 1940). It was assumed that invasion of 
vascular elements by the fungi prevented upward 
movement of water either by blockage or by 
introduction of air, which would break the water 
column within the tracheids (Mathre 1964). 
Anderson (1960) suggested several mechanisms by 
which the fungi could cause death of the tree; 
these included: (1) production of a toxin, (2) 
plugging of the tracheids by fungal mycellia, 
(3) introduction of air bubbles into the 
tracheids, and (4) pr~duction of particles or 
compounds that block pit openings by causing 
tori aspiration. There is evidence, or at least 
strong suggestion, from the literature that a11 
of the above occur after fungal inoculation, but 
it has not been proven that they are responsible 
for death of the tree. Nor does it rule out the 
possibility that other mechanisms are involved. 
Also, it is possible that other fungi associated 
with the southern pine beetle are more important 
in this respect than is 2. minor. For example, 
several successful infestations of southern pine 
beetle have been observed that had no evidence 
of 2. minor (Bridges and others 1985). 

A theory has been presented (Hodges and 
others 1984) that may help to explain what is 
involved in both tree resistance to beetle 
attack and death of the tree after successful 
mass attack. The hypothesis states that "The 
success of beetle attack, and thus death of the 
tree, is directly rel~ted to the successful 
introduction of fungal inoculum into the living 
tree, and the subsequent production of toxic 
substances which in turn alter physiological 
processes (e.g., water relations) in the tree, 
and thus make tke tree far more susceptible to 
subsequent attacks. Relative resistance is 
therefore a function of the ease with which ino- 
culum can be introduced and successfully 
established." 



At l e a s t  one of the  f u n g i  (2. minor) produ- 
c e s  subs tances  t h a t  cou ld  have t o x i c  e f f e c t s  o r  
i n f l u e n c e  t r e e  f u n c t i o n s  i n  some way (McGraw and 
Bemingway 1977). These a r e  isocouolarin-type 
compounds ( e  .g . , 6 ,  8-dihy drorry-3hydroxy~le thy1  
i s o c o u w r i n )  t h a t  a r e  very s i m i l a r  t o  compounds 
produced by 2. ulmi,  a  fungus c a r r i e d  by 
S c o l y t u s  m u l t i s t r i a t u s  (Narsham) ( t h e  srnal ler  
European elm bark b e e t l e )  and respons ib le  f o r  
t h e  butch elm d isease .  The compounds cause 
i n c r e a s e d  t r a n s p i r a t i o n  r a t e s  and f o l i a g e  w i l t  
i n  elm (Roberts  1966). Isocoumarin compounds 
produced by c u l t u r e s  of 2. minor w i l l  i n c r e a s e  
t r a n s p i r a t i o n  r a t e s  i n  s e e d l i n g s  of l o b l o l l y  
p ine .  I f  t h i s  happens i n  t r e e s  under a t t a c k  by 
t h e  sou thern  pine b e e t l e ,  the  t r e e s  should  
encounte r  moisture stress, e x h i b i t  reduced 
o l e o r e s i n  f low and exuda t ion  pressure ,  and have 
g r e a t e r  s u s c e p t i b i l i t y  t o  b e e t l e  a t t a c k .  Resin 
f low apparen t ly  depends, a t  l e a s t  p a r t l y ,  on 
e x u d a t i o n  p r e s s u r e ,  bu t  a  good r e l a t i o n s h i p  has 
n o t  y e t  been demonstrated exper imenta l ly  
(Bourdeau and Schopmeyer 1958, B a r r e t t  and 
Bengtson 1964, Hodges and Lor io  1971). 

There a r e  o t h e r  p o s s i b l e  ways i n  which com- 
pounds produced by fungi  a s s o c i a t e d  wi th  the  
s o u t h e r n  pine b e e t l e  cou ld  lower r e s i s t a n c e  t o  
b e e t l e  a t t a c k .  Toxic compounds could cause a  
r a p i d  dec l ine  i n  o l e o r e s i n  p ressure  and f low by 
d i s r u p t i n g  the  nermal func t ion ing  sf  membranes 
of e p i t h e l i a l  c e l l s  t h a t  surround the  r e s i n  
duc ts .  Oleores in  p ressure  i s  determined by the  
t u r g o r  p ressure  of these  e p i t h e l i a l  c e l l s  
(Hodges and Lorio 1971), and i f  the  membranes 
a r e  d i s r u p t e d ,  p ressure  w i l l  drop t o  ze ro  and 
f low should be d r a s t i c a l l y  reduced. Another 
p o s s i b i l i t y  is t h a t  the  f u n g i  may produce com- 
pounds of high molecular  weight t h a t  could block 
wate r  t r a n s p o r t  i n  t h e  xylem c e l l s .  Again, t h i s  
should  r e s u l t  i n  moisture s t r e s s  and a  reduc t ion  
i n  o l e o r e s i n  p ressure  and flow. Such a  phenome- 
non (blockage)  has been observed i n  elm t r e e s  
i n f e c t e d  wi th  5. ulmi. 

The observed and hypothesized sequence of 
e v e n t s  involv ing  i n t e r a c t i o n s  among b e e t l e  , 
f u n g i ,  and h o s t  t r e e  a r e  p resen ted  i n  f i g u r e  1. 
The hypothes i s  is b e s t  understood by cons ider ing  
t h e  proposed sequence of e v e n t s  t h a t  happen when 
mass a t t a c k  occurs  on a  t r e e  having h igh  
r e s i s t a n c e  (high o l e o r e s i n  f low).  The f i r s t  
b e e t l e  a t t a c k s  a r e  u s u a l l y  unsuccess fu l  and no 
f u n g a l  i n o c u l a t i o n  occurs .  With r e p e a t e d  
a t t a c k s ,  i n o c u l a t i o n  occurs ,  and enough t o x i n  is 
e v e n t u a l l y  produced t o  a l t e r  t r e e  physiology,  
reduce t r e e  r e s i s t a n c e ,  and assure  success  of 
subsequent  b e e t l e  a t t a c k s  a s  w e l l  a s  death of 
t h e  t r e e  and s u c c e s s f u l  brood deve lopmnt .  Also 
i l l u s t r a t e d  i n  f i g u r e  1 i s  the  r e l a t i o n s h i p  bet- 
ween t r e e  r e s i s t a n c e  and b e e t l e  a t t a c k  dens i ty .  
A r e l a t i v e l y  r e s i s t a n t  t r e e  may be a b l e  t o  
s u s t a i n  l i g h t  a t t a c k s ,  bu t  under mass a t t a c k  any 
t r e e  can be overcome. 

CASE I 
---I- 

Tree Reststonce - Wtgh 

Low Attack Density 
Beeties "pitched out" 

1 
v 

No Fungal lnocutalion 
Q 

Fungol tnocuiotion Occurs 
I I 

t 
Tree Surv~ves 

1 
Hypersensitive Response; No Spread 

I 
1 

Tree Survives 

CASE I1 -- 
Tree Reststonce - Low Tree Resistance - High 

Moderate to Low Attack Density Mass Attack Density 

\ 
Initial Attacks Successful Initial Attacks May Be UnsuccesBful 

Fungal tnoculation Occurs 

1 
Phytotoxic Compounds lntroduced or 

Produced in Tree Tissue 

i 
Rapid Decrease in Tree Resistance 

Due to Reduction in OEP and Flow 

i. 
Little Resistance to Subsequent Attacks 

Beetle Survival High 

i 
Tree Dies and Brood Is Produced 

Figure I.-- Observed and hypothesized sequence 
of events involving interactions among 
beetle, fungi, and host tree following 
bark beetle attack (OEP = oleoresin 
exudation pressure). 

EVIDENCE FOR AND IMPLICATIONS OF THE CONCEPTS 

The fundamental i d e a  underlying both con- 
c e p t s  is  t h a t  i n i t i a l  t r e e  r e s i s t a n c e  is de te r -  
mined by the  o l e o r e s i n  system, p r i n c i p a l l y  t h e  
amount of f low (Bodges and o t h e r s  1979). The 
concept of growth-dif f e r e n t i a t i o n  balance s e r v e s  
a s  a  b a s i s  f o r  e x p l a i n i n g  changes w i t h i n  t h e  
t r e e  t h a t  l e a d  t o  s e a s o n a l  d i f f e r e n c e s  i n  
s y n t h e s i s  and y i e l d  (flow) of o l e o r e s i n ,  and t h e  
concept  of the  r o l e  of the  f u n g i  o f f e r s  a 
p o s s i b l e  e x p l a n a t i o n  of how the  b e e t l e s  a r e  a b l e  
t o  overcome a t r e e ' s  n a t u r a l  defenses.  

P a s t  research  i n d i c a t e s  s t r o n g  suppor t  f o r  
t h e  concept  of growth-dif f e r e n t i a t i o n  balance i n  
terms of r a d i a l  growth and carbohydrate  and 
n i t r o g e n  f r a c t i o n s  i n  i n n e r  bark. Data f o r  
f i g u r e s  2 - 5 were c o l l e c t e d  i n  connect ion w i t h  
a  s tudy  of t r e e  responses t o  induced s o i l  wate r  
d e f i c i t s  (Hodges and Lor io  1969), and they  
r e p r e s e n t  the  c o n t r o l  ( u n t r e a t e d )  t r e e s  of t h a t  
s tudy .  When c r o s s - s e c t i o n a l  growth r a t e s  were 
most r a p i d  ( f i g .  2 ,  March - May), t h e r e  was a  
marked decrease i n  t o t a l  carbohydrates  of the  



inner %ark (fig. 3). This decrease was pri- 
marily in the form of starch, although reducing 
sugars also showed a slight decrease (fig. 4). 
When growth rate slowed in the summer months, 
sugars, especially non-reducing sugars, showed a 
rapid accumulation (fig. 4). Amino nitrogen 
also sccumulated during the summer months after 
the period of most rapid growth (fig. 5). 

These findings strongly suggest that in the 
spring months tree growth places a preferential 
demand. on both current and reserve energy sour- 
ces. When growth slows in the summer months, 
photosynthesis continues at a high rate and 
there is an excess of carbohydrates over that 
required, or which can be used, for tree growth. 
This energy source then becomes available for 
other uses, one of which is the production of 
oleoresin. Though not a component of the oleo- 
resin, amino compounds are important in the 
overax1 synthetic process, and they also increase 
in the summer months (fig. 5). 

Work by Harper and Wyman (1936) with 

radial growth. 
pine (I?-. taeda 
(R. A. Sommers, 

A current study with lobfolly 
L.) is producing similar results 
personal comunication). Such 

results closely fit the concept of growth- 
differentiation balance. 

longleaf pine (Pinus palustris Mill.) and 
Barrett and Bengtson (1964) with slash pine (P. 
elliottii var. elliottii Engelm.) illustrates- 
clearl-y that oleoresin yield maximizes in mid to 
late summer. Although these studies did not 
examine growth and oleoresin synthesis rela- 
tionships, f l ~ w  from wounds was definitely asso- 
ciated with seasonal high temperatures and the 
usually accompanying water deficits and reduced 

LLt 
E Figure 2.--Cross-sectional growth of 

40-year-old lob101 ly pines ( ~ f t e r  
Hodges and L o r i o ,  2 9 6 9 )  

Figure 3.--Changes in total carbohydrates and 
starch content in inner bark of 40-year-old 
10bl0lly pines ( ~ f t e r  Hodges and L o r i o ,  1 9 6 9 )  

NON-REDUCING SUGARS m 

Figure 4.--Changes in sugar content of inner 
bark of 40-year-01 d. 1 oblol ly pines ( d f t e r  
Hodges and L o r i o ,  1 9 6 9 )  

All of the above discussion suggests that 
tree resistance to beetle attack should be low 
in the spring and high in the summer. 
Conversely, successful attacks should be much 
higher in the spring than in the summer, and 
that is what all our experience shows. In 
essence, it simply means that the lower the 
amount of resin, the easier it is for beetles to 
overcome trees. The changes in carbohydrate and 
nitrogen fractions cited above further indicate 



CONCLUSIONS that fungi inoculated by beetles, or by the 
mites associated with the=, would encounter 
significantly different substrate for growth, 
depeading on the growth stage of the trees. 
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Figure 5.--Changes in nitrogen f r ac t ions  
o f  i nner bark of 40-year-01 d 1 oblol l y  
pine ( ~ f t e r  Nodges and Lorio, 1 9 6 9 )  

It is clear that low oleoresin flow is 
related to increased susceptibility of trees 
to attack by the southern pine beetle (Hodges 
and others 1979). Furthermore, low flow can be 
the result of several causes, such as moisture 
stress, reduced oleoresin reservoir (crowded 
trees- shortened crowns -+ reduced photo- 
synthate -low oleoresin synthesis), or simply 
seasonal growth differences as outlined above. 
However, it is not completely clear how tree 
resistance (resin flow) is overcome in the + 

attack process. There is certainly evidence to 
support the hypothesis on the role of beetle- 
associated fungi in this regard, but it is also 
possible that early attacking beetles simply 
"bleed" the tree of oleoresin to the point where 
subsequent attacks meet little resistance. 

A theory of host resistance by Berryman 
(1972) holds that resistant trees produce a 
hypersensitive reaction that results in for- 
mation of a wound periderm, with resin soaking 
around the necrotic lesion caused by fungal 
infection. This reaction supposedly stops the 
growth of the fungi and prevents successful 
beetle attack and tree death. This hypersen- 
sitive reaction apparently does occur in some 
cases after attack by the southern pine beetle, 
but its relation to tree resistance to beetle 
attack has not been established. However, for- 
mation of the reaction zone is dependent on 
synthesis andlor deposition of oleoresin,which 
in turn would be greatly influenced by the 
growth status of the tree. If lesion formation 
and resinosis is a function of secondary oleo- 
resin synthesis, the carbohydrate and growth 
relationships cited above must play a major role 
in the reaction. 

We have presented two concepts, or hypothe- 
ses, that we feel will be useful in developing 
satisfactory understanding of bark beetle- 
microorganism-host tree interactions. Both 
assume that tree resistance to bark beetle 
attack is a function of oleoresin flow. One is 
a general concept (growth-differentiation balan- 
ce) that has basis in plant physiology-plant 
behavior relationships, and its application to 
the bark beetle problem is supported by 
experience and past research. It can be further 
examined through the development of studies spe- 
cifically designed for that purpose, and, at the 
same time, be utilized as a guide for testing 
application of the second concept presented: 
that a tree's natural resistance to bark beetle 
attack is overcome by involvement of fungi asso- 
ciated with the beetle. Investigators propose 
that substances produced by the fungi are 
responsible for the rapid decrease in oleoresin 
flow and the ease with which subsequent beetle 
attacks can occur. 

The concepts presented may have to be 
modified in the future, but for now they serve 
as rational starting points from which we can 
design future studies to enhance our 
understanding of the overall relationships among 
trees, beetles, and microorganisms. For 
example, studies are needed of tree growth 
(earlywood-latewood relationships), resin duct 
formation and distribution, inner bark car- 
bohydrate status, and oleoresin yield within the 
same trees over the seasons of the year. One 
such study is in progress. Although we know 
something of seasonal changes in bark car- 
bohydrates in loblolly pine, we need to study 
changes over all seasons of the year and deter- 
mine the relationships with bark beetle attack, 
fungal inoculation responses, and beetle brood 
development. Further work is needed to clarify 
oleoresin exudation pressure and flow relation- 
ships, as well as how these phenomena are 
related to the growth and water status of trees 
and their resistance to bark beetle attack. 
Such studies offer significant challenges to 
researchers in several complementary disciplines 
in the coming years. 
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CULTUUL TEATmNTS TN LOW-QUALITY XARDWOD STPJJDS 

I/ FOR tdILDiIE3 M J 3  XI".TBER PRODUCTION - 
Thomas A. Waldrop, Edward £3. Buckner, and Jack A. Muncy 2/ 

Abstract. -- Effective management of low-quality hard- 
wood stands in the Interior Uplands of the Southeast is dif- 
ficult but can yield increases in available deer browse and 
timber quality. This study tested two methods of clear- 
cutting and prescribed burning of young stands as timber and 
wildlife management tools in low-quality hardwood stands of 
the Cumberland Plateau of East Tennessee. Complete and 
diameter limit clearcutting produced stands of similar com- 
position and structure, both dominated by the species pre-, 
sent before harvest, The removal of' extra stems by complete 
clearcutting did not significantly increase browse availabi- 
lity as had been expected. Prescribed burning prolonged the 
availability of browse but produced few changes in species 
composition. However, available browse in all clearcuts was 
underutilized due to lack of forest cover. Pioneer species 
remained essentially absent after both methods of clear- 
cutting and prescribed burning. 

INTRODUCTION 

Stands of low-quality hardwoods are 
widespread throughout the Interior Uplands of 
Alabama, Tennessee, and Kentucky. The Cumberland 
Plateau and Highland Rim Regions of Tennessee, for 
example, are nearly 67 percent forested with 3 
million acres of commercial forest land (USDA 
Forest Service 1982). Less than 10 percent of 
this area, however, has at least 50 percent 
stocking with desirable growing stock trees (McGee 
1982). Estimates of the precise acreage of l o w  
quality hardwood stands in the Southeast vary, 
depending on how these stands are defined, In 
general, stands are considered to be of low- 
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quality due to low stocking and/or a high propor- 
tion of trees classified as 'rough or rottenf. 

Low-quality hardwood stands are generally the 
result of a long history of mismanagement or no 
management at all ( TVA 1952, McGee 1982). Many 
standsi are on sites capable of being highly pro- 
ductive. However, production is low due to 
repeated wildfires and high-grading in addition to 
a lack of protection from insects and disease. 
Effective management of these cull-burdened stands 
presents many problems (~rimble 1963)~ but also an 
opportunity for increased production of both 
wildlife and timber ( ~ c ~ e e  1982). For management 
to be successful, the land manager must have an 
understanding of how various cultural treatments 
will affect the composition, quantity, and quality 
of resulting vegetation. 

The Tennessee Wildlife Resources Agency 
( TPJIIA) manages the Catoosa Wildlife bknageaent 
Area, an 80,000 acre block on the Cumberland 
Plateau of East Tennessee, much of which is 
forested with low-quality hardwood stands. The 
primary management obJective for these stands is 
to improve habitat for white-tailed deer 

) and wild turkey (~eleagris 
-game species when possible . Timber management is also 

of concern since this provides much of the funding 
for wildlife management. TMRA has tried several 
management schemes to improve the productivity of 
their low-quality hardwood stands while main- 



taining quality habitat for deer and tarkey. Cne 
such scheme has been to clearcut hardwood stands 
and allow coppice regeneration, Prescribed fires 
at 3 to $ years after clearcutting have been used 
to keep browse within the reech of deer for longer 
periods of the. 

A stady was begun in 1978 to deternine how 
these practices affect the structure and com- 
position of resulting regeneration as well as the 
quality of deer habitat. This study was one phase 
of a project ts develop a computer raodel of forest 
stand dynamics for the Catoosa XildSiPe bknagement 
Area (Waldrop 1983). Preliminary results jlhncy 
1980, ikney and Buckner 1981) indicated that after 
one growing season, slightly larger numbers of 
seedlings and sprouts existed in areas that had 
been coapletely clearcut (all stems > 6 feet tall 
felled) than in areas which had been clearcut to 
a lower diameter limit of 3 inches (at breast 
height). Species composition was similar to that 
of the pre-harvest stand with few pioneer species 
present. The study was continued to (1) monitor 
further stand development after complete and 
diameter limit clearcutting, ( 2) determine how 
prescribed burning of young hardwood stands 
affects the composition and structure of regenera- 
tion, and (3) determine how clearcutting and pre- 
scribed burning affect the browsing preferences 
of deer, 

STUDY r n A  

The study is located on the Catoosa Wildlife 
knagement Area in Cmberland County, Tennessee. 
The area is characterized as having moderately 
hot s w e r s  and short, mild winters. Mean monthly 
temperatures range from 35 degrees ( Farenheit ) in 
January to 73 degrees in Jkly (USDC 1977). 
Rainfall averages 57 inches per year with extremes 
of 3 inches in October and 6 inches in January. 

The study area is classified as land type 1 
under Sma;Lleyfs (1982) classification of forest 
sites on the bed-Cumberland Plateau. Such areas 
are gently undulating to slightly rolling. Slopes 
of greater than 6 percent are uncomon so that 
aspect is not a dominant factor controlling spe- 
cies occurrences. Elevation ranges from 1,700 to 
1,160 feet. Soils of the Hartsells and Lonewood 
series are dominant. Depth to bedrock is 20 to 40 
inches with Kartsells series soils and 40 to 65 
inches with Lonewood series soils (USDA 1974, 
1975). Both soils are strongly acidic, moderately 
well drained, and of moderately low fertility 
(Smalley 1982 ) . 

Forests of the study area best fit the 
Society of Anerican Foresters {SAY 1964) type 41 
scarlet oak group which is within the Oak-Hickory 
Type Group, fkture forest stands were dominated 
by scarlet oak and post oak with Southern red oak 
and black oak as comon associates  able I). 
(~cientific and comon names of all species are 
included in the appendix). Pignut hickory, 
Virginia pine, white oak, blackjack oak, blackgurn, 

red ma,-,le, acd chestnxt oak were also present. 
Major unders-tory species included so?~rwood and 
dogwood. 

The study was established as a split-plot 
randomized complexe block design to study the 
effects of Lwo har~zesting techniques, prescribed 
fire, and broxse on the composition and quantity 
of' regeneration. Each of two replications was 
divided into three 10-acre plots for the main 
treatments. &in treatments included ( I) diameter 
Limit clearcutting, (2) complete clearcutting, 
and ( 3 )  uncut controls. Each main treatment plot 
was split into two ?-acre sub2lots, one of which 
was burned when regeneration grew out of reach 
for deer browsing. Kine permanent sampling points 
were established in each subplot. 

Animal exclosures, 1/40 acre in size, were 
selected around two randody selected sampling 
points in each subplot. By using different sized 
fencing, these exclosures were constructed so that 
deer were excluded from the entire fenced-in area 
and rabbits and other small mammals were excluded 
from one-half of the area. 

A buffer strip 100 feet wide was cut around 
both the diameter limit and complete clearcut 
plots to eliminate any edge effect, A total of 30 
acres was clearcut in one replication and 35 acres 
in the other. Uncut control plots were located 
near cut areas but away from any influence of 
logging operations. 

Diameter limit and complete clearcut harvests 
were completed by the early s m e r  of 1979. 
Dimeter limit cutting was defined as the removal 
of all stems over 3 inches dbh. This conforms to 
Tennessee Wildlife Resources Agency policy and 
was stipulated in contractual agreements with 
loggers. Complete clear-cutting was defined as 
the removal of all stems over 6 feet in height. 
The removal of' stems between 6 feet in height and 
3 inches dbh was accomplished after the comer- 
cia1 logging operation had been coapleted. 
Control plots were established to provide a 
comparison for other treatment plots. 

Prescribed fires were conducted in each 
replication between the third and fourth growing 
seasons after harvest (early spring 1982). Burns 
were conducted on April 12, April 14, and *May 2, 
1982. Weather predictions called for winds of 10 
to 15 miles per hour and low relative hmidities 
of 40 percent. b i n  had not fallen on the study 
areas for 4 days and 6 days, respectively for the 
first two burn dates. Rain had not fallen for 1 
days prior to the third burn date. Due to gusty 
winds and high fire spread indices, all fires were 
set to burn into the wind (backing fire). Fires 
were set at 1:00 9m (central Standard ~ine), 10~00 
am, and il:00 a, respectively for the three 
burn dates. 



Table 1,--be-harvest stand characteristics 

Sa~imber (11.0 in, and >)  Pulpwood (3.0 to 10.9 in, dbh) 
Av, No. Basal AT. No. Basal 
Trees hea/Ac. Trees kea/Ac. 

Species per Ac. sq, ft, per Ac. sq. ft. 

Oaks 
Searlet 13.6 (37%) 18.9 (44%) 18.3 ( 8%) 3.8 ( 9$) 
post 10.1 128%) 9.3 ~ ~ 2 5 )  46.9 (21%) 13.5 ( 3 3 % )  
Southern Bed 4.3 (12%) 4.9 (11%) 38.0 (17%) 6.4 (16%) 
Black 3.9 (11%) 4.6 (11%) 24.1 (11%) 4.3 (10%) 
White -6 ( 2%) -7 ( 2%) 16.7 ( 8%) 2.7 ( 7%) 
Black J acir .6 ( 2%) ,6 ( 1%) 1.7 ( . 9%1  .4 ( 1%) 
Chestnut .l ( . k g )  .l (.3$) - - - - 

Hickories 
Pignut 1.2 ( 3$) 1.7 ( 4%) 3.2 ( 2%) -4 ( 1%) 
Mockernut -2 (.6Fj .2 (.6%) 1.9 ( 1%) .3 ( 1%) 

Other Potential 
Overtstory Hardwoods 

Blackgum -4. ( 1%) .5 ( 1%) 2.0 I$) ~4 ( 1%) 
Red Maple .2 (.6U .3 (.8%) 2.2 \ 1%) .3 1%) 

Understory Hardwoods 
Sourwood .2 (.42) .l (-3%) 32.2 (15%) 3.5 ( 8$) 
~ogwood - - - - 6.7 ( 3%) .6 ( 1%) 

Pines 
Virginia .9 ( 2%) .a  ( 2%) 23.5 (11%) 4.5 (11%) 

Inventories of all study plots were conducted 
prior to harvest. Each sawtimber-sized tree (11 
in. dbh and >) located on each 115 acre subplot 
was mapped in relation to the plot center 
measured for height and dbh, and recorded by spe- 
cies, The same was done for each pulpwood-sized 
tree ( 3 to 10.9 in dbh) on 1/20 acre plots and 
each sapling-sized tree (6 ft. tall to 2.9 in. 
dbh) on 1/40 acre plots. Regeneration-sized trees 
( <  6 ft, tall) on lflO0 acre plots were tallied by 
species nad by the presence or absence of evidence 
of browse. 

Similar inventories were conducted at the 
beginning and end of the third and fourth growing 
seasons after harvest (1 year before and 1 growing 
season after prescribed burning). Each tree in 
uncut control areas was tallied as either alive or 
dead. Uncut trees in clearcut areas were measured 
for height and dbh. If a tree had been cut, the 
nmber of basal, stup, and/or root sprouts pro- 
duced by the stump was recorded. Regeneration in 
1/100 acre plots was again tallied by the amber 
of trees of each species and the nlmber showing 
evidence of browse. 

A factorial arrangement of the analysis of 
variance was used to test for differences in the 
number of stems for each of three factors. 
Factors included two methods of clearcutting 
(dimeter limit and complete), 10 species, and two 
classes of saplings (seedlings and sprouts). T- 
tests were used to compare the sprouting charac- 
teristics observed in each type of clearcut. 

RESULTS 

Clearcutting Treatments 

Regeneration following the third growing 
season after clearcutting was similar to the 
l-year-old stand as described by mncy and Buckner 
(1981). Slightly larger numbers of seedlings and 
sprouts of most species occurred in the complete 
clearcut areas than in areas harvested by the 
diameter limit method, ~bwever, this difference 
was not statistically significant and, therefore, 
further discussion will characterize a single 
stand by combining data from both types of clear- 
cuts. 

After three growing seasons the t~tal number 
of stems per acre was 6,168 (Table 21, an increase 
of 25 percent over the l-year-old stand. Of this 
total, 38 percent were seedlings and 62 percent 
were sprouts. The oak group composed 24 percent 
of the total regeneration while 38 percent was 
from other potential overstory hardwoods 
(including the hickories). Thirty-seven percent 
of the regeneration consisted of understory hard- 
wood species while only 0.8 percent consisted of 
pines. 

Scarlet oak was the most abundant oak species 
with 651 seedlings and sprouts per acre. Black 
oak, Southern red oak, post oak, and white oak 
were also abundant with 343, 189, 151, and 111 
stems per acre, respectively. Two species, black- 
gum and red maple, predominated in the category of 
other potential overstory hardwoods, Blackgm was 



Table 2,--Regeneration three years after clearcutting 
(both cutting treatments combined) 

Species Seedlings Sprouts Total 

Oaks ------- Mean Nmber Per Acre (percent) ------- 
Blackjack 20.6 C 8.9) 2.6 ( 0.1) 23.6 ( 0.4) 
Searlet 588.9 (24.8) 62.5 ( 1.6) 651.h (10.6) 
Black 255.6 (10.8) 87.5 ( 2.3) 343.1 ( 5.6) 
Southern Red 116.7' b.9) 72.2 ( 1.9) 185.9 ( 3.1) 
~ o s t  94.4 ( 4.0) 59.7 ( 2.6) 154.1 ( 2.5) 
White 84.7 ( 3.6) 26.4 ( 0.7) 111.1. ( 1.8) 

Hickories 
Pignut 59.1 ( 2.5) 68.9 ( 2.3) 148.6 ( 2.4) 
&lockernut 11.1 ( 0.5) 9.1 ( 0.3) 20.8 ( 0.3) 

Other Potential 
Overstory Hard-ioods 

Blackgum 594.4 (25.0) 520.8 (13.7) 1115.2 (18.11 
Red Maple 115.6 ( 6.6) 831.9 (21.9) 367.5 (16.0) 
Persimmon 31.9 ( 1.3) 6.9 ( 0.2) 38.8 ( 0.6) 
Black Locust 41.7 f 1.8) - - 41.7 ( 0.7) 

Understory Hardwoods 
Sassafras I .  ( 4 1763.9 (46.5) 1875.0 (30.4) 
~ogwood 63.9 ( 2.7) 105.3 ( 4.4) 229.2 ( 3.7) 
Sourwood 30.6 ( 1.3) 77.8 ( 2.1) 108.4 ( 1.8) 
Serviceberry 54.2 ( 2.3) 1.4 ( 0.1) 55.6 ( 0.9) 
ilm. ~olly 9.7 ( 0.4) 1.4 0.1) 11.1 ( 0.2) 
Am. Chestnut - - 15.3 ( 0.4) 15.3 ( 0.2) 

Pines 
Virginia 45.8 ( 1.9) - - 45.8 ( 0.7) 
White 2.8 ( 0.11 - - 2.8 i 0.1) 

Totals 2373.6(100) 3794.4(100) 6168.0(100) 

the most abundant of all overstory species with 
1,115 stems per acre. Red maple had 988 stems per 
acre of which 832 (84 percent) were classified as 
sprouts . 

Sassafras regeneration was the most abundant 
of the understory hardwoods with 1,875 stems per 
acre. The majority (94 percent ) was of sprout 
origin, Dogwood and sourwood seedlings and 
sprouts were common and American holly seedlings 
were observed occasionally. Sprouts of American 
chestnut were present but infrequent. 

The presence of pioneer species in study 
plots was smaller than had been expected, 
Virginia pine seedlings composed 0.7 percent of 
the total regeneration (46 seedlings per acre) 
while Eastern white pine accounted for only 0.1 
percent (3 per acre 1. Yellow-poplar and black 
locust are common in the general area but were 
essentially absent from study plots. Since larger 
quantities of pioneer species were observed in the 
buffer areas around study plots, the distance from 
a seed source to study plots may partially account 
for their absence. 

Sprouting remained the most common f o m  of 
regeneration through the third growing season 
(Table 2 ) . No significant differences were 
detected between diaaeter limit and complete 
clearcuts in the number of sprouts per cut tree 

or in the height of the dominant sprout from each 
stwnp. Although not statistically significant, 
the total number of stems per acre was slightly 
larger in complete clearcut areas than in diameter 
limit clearcuts. This increase was due to the 
greater number of understory hardwoods harvested 
in the complete clearcuts and the prolific 
sprouting characteristic of some of these species, 
particularly sassafras. The increased sprouting 
of understory hardwoods in complete clearcut areas 
is potentially beneficial to wildlife for browse 
but is of little value to timber management. 

Significant differences in sprouting charac- 
teristics occurred between the various size 
classes and species of trees harvested. Seventy- 
seven percent of the stumps of sapling-sized 
trees had live sprouts after 3 years. However, 
this percentage decreased with increased stmp 
size. Thirty-nine percent of the stumps of pulp- 
wood-sized trees had live sprouts while only 4 
percent of the stumps of sawtimber-sized trees 
sprouted. Of all species, red maple was the 
aost prolific sprout producer with 6.2 and 14.8 
sprouts per cut stem for sapling- and pulpwood- 
sized trees, respectively, For most species, 
basal sprouts were the most abundant of the three 
types of sprouts observed (basal, stmp, and root 
sprouts). This indicates that stwps should be 
cut as low as possible for well-formed coppice 
regeneration. 



Prescribed Burning 

The grescribed burn conducted on the third 
burn date (May 2) was blo-wn across plowed fire 
lines by gusty winds, As a result, all clearcut 
plots in one replication were burned. Since this 
left no comparison of regeneration in burned and 
unburnea plots, no statistical tests of the 
effects of prescribed burning were possible. 
%ny efFeets were obvious, however, and will be 
discussed. 

One year after burning, sprouts remained more 
abundant; than seedlings, Most stumps that had 
live sprouts before burning resprouted after the 
fire (Tsble 3). This trend varied somewhat by 
species and diameter class, Seventy-nine percent 
of the stumps from sapling-sized trees that were 
alive just prior to burning survived the fire. 
SurvivaZ rates of the oaks in this size class 
were generally above 60 percent. Black oak, white 
oak, and. Southern red oak had survival rates of 95, 
83, and 88 percent, respectively. Other species 
in the sapling size class with good survival rates 
included nockernut and pignut hickories, blackgum, 
red maple, sassafras, and sourwood, Of the sur- 
vivors i n  the pulpwood size class, the oaks were 
the mosL abundant. Black oak had the best sur- 
vival rate of all species observed in this size 
class. Very few sawtimber-sized stumps had 
sprouts before burning. Of those that did, stumps 

of scarlet oak and pignut hickory had excellent 
survival rates. 

Prescribed burning produced few changes in 
species comgosition. Study plots in both burned 
and unburned clearcuts had a large component of 
oaks cl able 4). In both areas, stems of black oak 
and scarlet oak were the most abundant oak species, 
The oaks as s~ group made up 22.6 percent of the 
sten count in unburned plots and 18.8 percent in 
burned plots, ?his difference may be due to the 
sprouting characteristics of sassafras and black- 
gum. Burning may have stimulated the sprouting of 
sassafras and blackgum as shown by the large in- 
crease in the stem nmbers of these species in 
burned plots. These two species combined had over 
6,600 stems per acre in burned plots which was 
almost equal to the total number of stems in un- 
burned plots (7,178). The numbers of oak stems 
remained relatively unchanged after burning. 
Burned plots had a total of 1,945 oak stems per 
acre while unburned plots had 1,622. However, with 
the large increase in the numbers of blackgum and 
sassafras stems, oak percentages decreased. 

An opposite trend after burning was observed 
with red maple, Even though red maple was a pro- 
lific sprouter and had good sruvival rates  a able 
3), the average number of stems per acre was much 
smaller in burned plots than in unburned plots. 

Table 3.--Survival of stumps in complete and diameter clearcuts after 
prescribed fire 

Sapling Pulpwood Sawt imber 
(6'tall-2.3"dbh) (3.0"-10,gf'dbh) (ll.0" dbh and >) 

No. alive No. alive No. alive No. alive No. alive No. alive 
before after before after before after 

Species burning burning burning burning burning burning 

Oaks ( % )  ( $1 ( % )  
Blackjack 2 0 ( 0) 2 0 ( 0) - - - 
Scarlet 14 8 (57) 36 25 (69) 7 5 (71) 
Black 5 6 53 (95) 18 15 (83) - - - 
White 2 4 20 (83) 2 6 15 (58) - - - 
Southern Red 33 29 (88) 23 15 (65) - 
P O S ~  22 14 (64) 14 10 (71) 3 y ( 3 3  

Hickories 
Mockernut 9 8 (89) 3 3 (100) - 
Pignut 50 41 ( 8 2 )  - - - 3 z (6;) 

Other Potential 
Overstory Hardwoods 

Blaekgum 7 9 60 (76) - - - l 0 ( 0) 
Red Maple 7 5 (71) 2 0 ( 0) - - - 

Understory Hardwoods 
Am. Chestnut 2 0 ( 0 )  - - - - - - 
Am. Holly 2 2 (100) - - - - - - 
Serviceberry 1 0 ( 0) - - - - - - 
Sassafras 6 3 67 (81) - - - - - 
Sourwood 2 0 15 (75) 6; 41 (63) - - - 
D O ~ W O O ~  16 10 (63) 7 4 ($71 - - - 

- 

Totals 420 332 (79) 196 128 (65) 11 8 (72) 



This difference may be d ~ e  to the distribution of 
red maple through the study plots rather than to 
burning, Before burning, the distribution of red 
maple -gas observed to be patchy. Stems of this 
species appeared to be more abmdant in plots that 
were to be left urzburned, Had red maple been 
more uniformly distributed, it may have shoxm a 
different response to fire. 

Table 4. --~egeneration one year after prescribed 
burning (four years after clearcutting) 

Species Burned linburned 

----- Sterns Per Acre (%; ----- 
Oaks 
Scarlet 179.6 ( 7.5) ~00.l j 7.0) 
Black 453.1 ( k*4) 716.7 (10.0) 
Southern Red 359.3 ( 3.5) 161.1 ( 2.2) 
Post 209.3 ( 2.0) 138.9 ( 1.9) 
mite 138.9 ( 1.3) 105.6 ( 1.51 
Chestnut 3.7 ( 0.1) - - 

Iiickories 
Pignut 112.0 ( 1.1) 249.9 ( 3.5) 
Mockernut 22.2 f 0.2) 39.0 ( 0.51 

Other Potential 
Overstory Hardwoods 
Blackgm 2,631.5 (23.5) 750.0 (10.4) 
Red Maple 296.3 1,105.5 (15,4 
Persimmon 14 9 55.5 ( 0.8) 
Black Locust 270.4 166.8 ( 2.3) 
Black Cherry 1.9 5.7 ( 0.1) 
Yellow-poplar - 11.1 ( 0.2) 

Understory Hardwoods 
Sassafras 4,030.0 (39.2) 2,177.7 (30.3) 
~ogwood 187.0 ( 1.8) 183.3 ( 2.6) 
Soumood 446.3 ( 4.3) 583.2 ( 8.1) 
Serviceberry 5.6 ( 0.1) 50.1 ( 0.7) 
~ m .  ~ o ~ y  11.1 ( 0.11 16.8 ( 0.2) 
Am. Chestnut 5.6 ( 0.1) 111.1 ( 1.5) 
Winged Sumac 357.4 ( 3-51 5.7 ( 0.1) 

Pines 
Virginia 7.4 ( 0.1) 44.7 ( 0.6) 

Totals 10,339.0 
C . -. 

The frequency of pines and other pioneer spe- 
cies remained low in both burned and unburned 
plots. Virginia pine was the only pine species 
observed, although shortleaf pine and Eastern 
white pine are native to the region. The average 
number of Virginia pine seedlings per acre was 
44.7 in unburned plots and only 7.4 in burned 
plots. Yellow-poplar was observed in unburned 
plots at the rate of only 11.1 seedlings per acre. 
No seedlings or sprouts of this species were 
found in burned plots. 

The structure of regeneration was also un- 
changed by prescribed burning, Basal sprouts 
remained the most comon form of regeneration in 
both burned and unburned plots. A Pew root sprouts 
were observed near stumps of pignut hickory, 
blackgm, and sassafras while an occassional stump 
sprout of scarlet oak or dogwood was observed, 

Browsing 

The incidence of browsing in study areas was 
minimal, %ring daza collection at the end of the 
fourth growing season (1982), over 7,000 
regeneration-sized trees were observed. Of these, 
only 35 showed evidence of browse. Tnis number wtis 
even smaller at the end of the third growing 
season. T'nerefore, it was assumed that browsing 
had no affect on the structure and composition of 
regeceration, In addition, no comparisons were 
made on deer preferences to brotrsing in diameter 
limit or complete clearcuts as well as burned or 
unburned clearcuts. 

Nuncy (1980) noted that browsing occurred most 
often along haul roads and skid trails within study 
plots. Tbis trend was repeated during the third 
and fourth growing seasons. Of those species that 
were browsed, sassafras and blackgum sprouts were 
most comon, Blackw is listed as a preferred 
species for deer browse in Tennessee while 
sassafras is listed as a comon food (Iiurd 1990). 
Occassional browsing of black oak, pignut hickory, 
and red maple was also observed. 

The location of sampling points within clear- 
cut areas may offer an explanation for the small 
nurnber of browsed stems observed. Sarnpling points 
were located nearthe center of nearly square-shaped 
30 and 35 acre clearcuts. Buffer strips, 100 feet 
wide, were cut around study plots further isolating 
points near the center of large cuttings. More 
evidence of browsing was observed in buffer strips 
than within sampling plots. This may have been due 
to the proximity of buffer strips to cover provided 
by the forest edge. Buffer strips were large enough 
and contained sufficient browse that deer likely 
remained in these areas rather than entering study 
plots. Also, study plots were in a heavily hunted 
area where deer are not likely to wander far from 
the protective cover of a forest stand. 

Observations of browsing nay be more valuable 
in future studies as stands close and much of the 
regeneration in buffer areas is shaded out, Under 
these conditions, browsing animals will have to 
cover a larger area to obtain food, possibly 
causing a more noticeable impact on species com- 
position and tree growth rates in study plots, 

DISCUSSION 

Species composition of regeneration after clear- 
cutting a low-quality hardwood stand was largely 
a function of the sapling-and pulpwood-sized trees 
harvested. Sprouts from cut stems of' these size 
classes composed a large portion of the regenerated 
stand since pioneer species and sprouts from saw- 
timber-sized trees were essentially absent, Seed- 
lings that were a component of the regenerated stand 
tended to be of the same species as the harvested 
trees, suggesting that root suckering m y  be more 
important than visual observation would indicate. 



Regenerat ian and s tand develo~ment  were 
r e l a t i v e l y  unaffected by t h e  choice of e i t h e r  
diameter l 5 r n i - k  o r  com9lete c l e a r c u t t i n g  methods. 
Both t r e a t m e n t s  r e s u l t e d  i n  s tands  :%at were 
approxirnat e l y  24 percent  oak, 3 percent  hickory,  
and 34 p e r c e n t  b lackgm and red  maple, with t h e  
r e m i n d e r  be ing  mostly s a s s a f r a s  ('Table 2 ) .  Even 
though l a r g e  s t m p s  tended not  t o  produce s;?rouC,s, 
t h e  e x t r a  expense of harves t ing  stems between 5 
f e e t  i n  h e i g h t  and 3 inches dbh i n  a complete 
e l ea rcu t  proved t o  be of l i t t l e  value i n  t e r n s  of  
improved t;lmber qua l i t y  and w i l d l i f e  h a b i t a t ,  A 
s u f f i c i e n t  number of small stems vas harvested by 
t h e  d i a n e t e r  l i m i t  method t o  produce l a rge  nmber s  
of  s p r o u t s .  Seed germination provided an addi- 
t i o n a l  q u a n t i t y  of stems r e s u l t i n g  i n  adequate 
s tand  r e g e n e r a t i o n  and browse a v a i l a b i l i t y .  
Therefore ,  diameter l i m i t  c l e a r c u t t i n g  would be 
recornended over complete c l e a r c u t t i n g  f o r  s tands  
t h a t  have a s u f f i c i e n t  quan t i t y  of pulpwood-sized 
t r e e s  (3. O t o  10.9 i n .  dbh) t o  y i e l d  adequate cop- 
p ice  r egene ra t ion .  P r io r  t o  ha rves t ,  almost 50 
percent  of' t h e  basa l  a r ea  i n  t h e  s tand  used f o r  
t h i s  s t u d y  was from pulpwood-sized t r e e s ,  
Complete c l ea rcu t t i ng  should only be necessary 
where t h e  pulpwood-sfzed component of  t h e  stand i s  
much s m a l l e r .  

P r e s c r i b e d  burning of young c l ea rcu t s  proved 
t o  be of  l i t t l e  value i n  t e r n s  of con t ro l l i ng  spe- 
c i e s  eollzposition. Regeneration observed one year 
a f t e r  bu rn ing  was very s i m i l a r  t o  t h a t  observed 
t h e  f i r s %  year a f t e r  c l ea rcu t t i ng .  Species com- 
p o s i t i o n  was s i m i l a r  i n  burned and unburned p l o t s ,  
both b e i n g  dominated by oak seedl ings  and sprouts ,  

P r e s c r i b e d  burning had a g r e a t e r  a f f e c t  on 
browse a v a i l a b i l i t y  than  on spec ies  composition o r  
s t r u c t u r e .  The most obvious d i f f e r ences  between 
burned and unbruned p l o t s  were t h e  s i z e s  and ages 
of t h e  r egene ra t ion ,  .Burned c l ea rcu t s  had small 
1-year-old seedl ings  and sprouts  while unburned 
c l e a r c u t s  had l a r g e r  4-year-old seedl ings  an& 
sprouts.  Although t h e  unburned c l ea rcu t s  were 
s t i l l  young,  regenera t ion  was beginning t o  grow 
out  of t h e  reach of deer. Prescribed burning top- 
k i l l e d  m o s t  sterns r e s u l t i n g  i n  continued sprouting,  
The re fo re ,  browse should remain wi th in  reach f o r  
s eve ra l  a d d i t i o n a l  years.  

Even though burning crea ted  favorable con- 
d i t i o n s  Tor deer ,  browsing was minimal i n  study 
p lo t s .  However, evidence of  heavy browsing was 
observed i n  bu f f e r  s t r i p s  around study p l o b ,  
Future recommendations f o r  prescr ibed  burning of 
young c l e a r c u t s  should include cons idera t ions  of 
t h e  s i z e  and shape of  t h e  e l ea rcu t .  I n  a l a r g e  o r  
wide c l e a r c u t s ,  such a s  t hose  used i n  t h i s  s tudy,  
p r e s c r i b e d  burning may be of  l i t t l e  a c t u a l  bene f i t  
t o  deer ,  Since t h e  major i ty  of  t h e  c l ea reu t  a r ea  
i s  r e l a k i v e l y  f a r  from cover, p a r t i c u l a r l y  a f t e r  
t h e  removal  of logging deb r i s  by burning, it i s  
not l i k e l y  t o  be u t i l i z e d  in t ens ive ly  by deer. 
Burning may be of g rea t e r  value t o  deer  i n  smal ler  
o r  more narrow c l ea reu t s  where a l a r g e r  percentage 
of  t h e  a r e a  i s  near p ro t ec t ive  f o r e s t  cover. 

Prescribed burning provided seve ra l  b e n e f i t s  
f o r  t imber management including improved accessa-  
b i l i t y  t o  t h e  s i t e ,  pro tec t ion  from w i l d i f r e ,  and 
inproved sprout  qua l i t y ,  Logging debr is  was abun- 
dant i n  a l l  c l ea rcu t  a r ea s  before burning, c r e a t i n g  
a phys ica l  b a r r i e r  t o  t r ave l .  Since the  s l a s h  had 
cured f o r  a b o s t  four  years ,  it a l s o  represented  
a dangerous w i ld f i r e  hazard. Prescribed burning  
provided an inexpensive method f o r  s l a sh  removal, 
Sprout q u a l i t y  was improved by burning t h e  t ops  of  
s t m p s .  Therefore, r e s u l t i n g  sprouts  o r i g i n a t e d  
from a poin t  c lo se r  t o  t h e  ground which should 
lower t h e  r a t e  of decay (Roth and Slee th  1939, 
Eantley and &Gee 1981). 

I n  s m a r y ,  diameter l i m i t  c l e a r c u t t i n g  
followed by n a t u r a l  regenerat ion proved t o  be an  
adequate managenent technique f o r  tiraber and deer  
management cons idera t ions  i n  low-quality hardwood 
s tands ,  Complete c l ea rcu t t i ng  provided e x t r a  
expense with few bene f i c i a l  r e s u l t s .  Prescr ibed  
burning improved browse a v a i l a b i l i t y  by keeping it 
wi th in  reach of deer  f o r  a longer time per iod .  
However, t h i s  add i t i ona l  browse was not u t i l i z e d  
poss ib ly  due t o  t h e  s i z e  and shape of c l e a r c u t s .  
Prescribed burning proved t o  be rnore b e n e f i c i a l  
f o r  timber s tand  improvement than  f o r  enhancing 
h a b i t a t  f o r  deer. Stand composition and s t r u c t u r e  
appeared t o  be a f f ec t ed  more by spec ies  composition 
before harves t  than by choice of c l e a r c u t t i n g  
method, prescr ibed  burning, o r  browsing. Most re-  
generat ion i n  burned and unburned a reas  o f  both 
complete and diameter l i m i t  c l ea rcu t s  cons i s t ed  of  
sprouts  from t h e  stumps of sapling- and pulpwood- 
s i zed  t r e e s .  
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APPENDIX 

COIWVION SCZEBTIFIC N@&S OF TREE SPECIES 

Comon Pime Scientific Name 

Red &Maple 
Sugar Paple 
Serviceberry 

American Chestnut 
Pignut Hickory 
Mockernut Rickory 
Dogwood 
Persimmon 
iisnerican Kolly 
Yellow-poplar 
Blackgum 
Sourwood 
Shortleaf Pine 
Eastern White Pine 
Virginia Pine 
Black Cherry 
White Oak 
Scarlet Oak 
Southern Red Oak 
Blackjack Oak 
Chestnut Oak 
Post Oak 
Black Oak 
Winged Sumac 
Black Locust 
Sassafras 

Acer rubrm L, -- 
Acer saccharm krsh. - 
belanchier arborea var. 
laevis Wieg, 

Castenea dentata friarsh, 
Carp glabra 
Carya tomentosa Nutt, 
Cornus florida L. -- 

L. 

Oxydendron aroboreum L, 
Pinus echinata Mill. 

Quercus alba L. 
Quercus coccinea Muenchh, 
Quercus falcata Michx. -- 
Quercus marilandica Muenchh. 

prinus L. 
Quercus stellata Wangenh. 
G&ercu@ ve%utina Lam. 
Rhus copallina L, - 
Robinea pseudoacacia L, 
Sassafras albidm Nutt. 

Maldrop, T. A. 
1983. The developent of FORCAT: A spatial gap 
model of stand dynaraics for forests of the 
Gatoosa Wildlife ~%nagement Area. Ph. D. 
Dissertation, The University of Tennessee, 
Knoxville, 207 pp, 



EIOPASS ABQ NUTRIENT ACCRETION ON PIEDMONT SITES FOLLOWING 

1 / CLEARC'LTTING AWD NATURAL REGEP;IEMTION OF LOBLOLLY PINE- 

2 / S. R. Cox and D. H ,  Van Lear- 

Abstract.--Vegetative regrowth was sampled on two small  
watersheds f o r  f i v e  yea r s  fol lowing c l e a r c u t t i n g  and n a t u r a l  
regenera t ion  t o  l o b l o l l y  p ine  (Pinus taeda  L , ) .  The primary 
pathway for ,biomass and n u t r i e n t  a cc r e t i on  dur ing  t h e  f i r s t  
two growing seasons a f t e r  ha rve s t  was by herbaceous p l a n t s .  
A t  t h e  end of t h e  f i f t h  growing season,  p ine  seed l ings  domi- 
na ted  both s i t e s ;  and accumulation of N ,  P, and K i n  s tanding  
biomass was n e a r l y  equa l  t o  o r  exceeded t h a t  of t h e  pre-harvest 
41-year-old p ine  p l an t a t i on .  Calcium acc r e t i on  i n  biomass 
a f t e r  f i v e  growing seasons was about 50 percent  of t h a t  con- 
t a i ned  i n  t h e  pre-harvest  biomass on both watersheds.  Regrowth 
is  a major mechanism i n  conserving n u t r i e n t s  on n a t u r a l l y  regen- 
e r a t e d  watersheds fol lowing c l e a r c u t t i n g  of l o b l o l l y  p ine  i n  t h e  
Piedmont. 

INTRODUCTION 

Harves t i ng  t imber s t ands  may a l t e r  s e v e r a l  
e c o logFca l  p rocesses  which might be  expected t o  
cause La rge  hydro logic  l o s s e s  of e s s e n t i a l  
n u t r i e n t s .  Fores t  f l o o r  decomposition is  
a c c e l e r a t e d ,  t r a n s p i r a t i o n  r a t e s  a r e  reduced, 
s torm f l o w  and deep pb rco l a t i on  a r e  increased ,  
and n u t r i e n t  uptake by t h e  former mature s tand  
is  i n t e r r u p t e d  (Witkamp 1971, Likens e t  a l .  
1978). However, n u t r i e n t  l o s s e s  v i a  hydrologic 
p r o c e s s e s  fol lowing c l e a r c u t t i n g  of mature 
l o b l o l L y  pine p l a n t a t i o n s  i n  t h e  South Caro l ina  
Piedmont a r e  smal l  when compared t o  n u t r i e n t  
removals  i n  harves ted  biomass (Van Lear e t  a l .  
1981, Van Lear e t  a l .  1985). 

N u t r i e n t  accumulation i n  t h e  biomass of 
r e g rowth  is a major mechanism i n  conserving 
cyc led  n u t r i e n t s  i n  nor thern  hardwood ecosystems 
(Marks and Bormann 1972). Boring e t  a l .  (1981) 
showed t h a t  t he  r ap id  regrowth and t he  high 
n u t r i e n t  content  of sp rou t s  and herbaceous spe- 
c i e s  a r e  major f a c t o r s  minimizing e lementa l  
l o s s e s  fol lowing c l e a r c u t t i n g  of Southern 
Appalachian  hardwoods. 

I f p a p e r  presen ted  a t  t h e  Southern S i l v i -  
c u l t u r e  Research Conference, A t l an t a ,  Georgia, 
November 7-8, 1984. Research sponsored by t h e  
Biomass Energy Systems Div., U.S. Dep. of 
Energy, under c o n t r a c t  W-7405-eng-26 w i th  t h e  
Union Ca rb ide  Corp. 

2 ' ~e sea r ch  F o r e s t e r  and P ro fe s so r  , 

Rela t i ve ly  l i t t l e  is  known concerning 
n u t r i e n t  accumulation and d i s t r i b u t i o n  i n  
regrowth fol lowing ha rve s t  of sou thern  p ine s ,  In  
t h i s  s tudy ,  biomass and n u t r i e n t  accumulat ion i n  
regrowth i s  quan t i f i ed  fol lowing whole-tree and 
conventional  ha rve s t i ng  of mature l o b l o l l y  p i n e  
u t i l i z i n g  n a t u r a l  regenera t ion  i n  t h e  Piedmont of 
South Carol ina.  

STUDY AP.EA 

The study a r e a  cons i s t ed  of two sma l l  
(2.5 ha)  watersheds loca ted  on t h e  Clemson 
Univers i ty  Experimental Fores t  i n  t h e  upper  
Piedmont of South Caro l ina .  These s i t e s  were 
eroded a g r i c u l t u r a l  f i e l d s  p lan ted  t o  l o b l o l l y  
p ine  (Pinus taeda  L.) i n  1939 and c l e a r c u t  a t  
age 41. Even though both watersheds were s i m i l a r  
i n  s l ope  (10-15%) and aspec t  (SW) , one watershed 
(WS 66) had a longer  and deeper ephemeral s t ream 
channel and was more eroded on t h e  lower s l o p e s  
than  t h e  o the r  (WS 64).  Surface s o i l  dep th  on 
WS 64 averaged about 25 cm a s  compared t o  15 cm 
f o r  WS 66. 

The s o i l s  on both a r ea s  were Paco l e t  f i n e  
sandy loam (Typic HapuduLt). Basal  a r e a  a t  t h e  
t ime of c l e a r c u t t i n g  was 22 m2/ha f o r  WS 64 and 
18 m2/ha f o r  WS 66. Both watersheds had been 
thinned twice p r i o r  t o  c l e a r cu t t i ng .  Major 
unders tory  spec i e s  were b lack  cher ry  (Prunus 
s e r o t i n a ) ,  b lack  gum (Nyssa s y l v a t i c a ) ,  e a s t e r n  
red cedar  (Junfperus v i r g i n i a n a ) ,  dogwood (Cornus 
f l o r i d a ) ,  oak (Quercus spp . ) ,  and h ickory  (Carya 

Department of Fo re s t ry ,  Clemson Univers i ty ,  
Clennsorr, South Caro l ina  29631. 



Preharvest treatments for both watersheds 
included 3 annual burns prior to harvest to 
reduce the understory hardwood component and 
prepare a seedbed for natural regeneration, The 
third burn was applied just prior to seed fall 
in 1979 and harvest was completed before seed 
gemination the following spring. All 
above-stump biomass was removed from WS 64 to 
simulate whole-tree harvesting, while 
conventional harvesting to a 15-em top was 
conducted on WS 66. 

To avoid large numbers of destructively 
sampled plots, prediction equations were 
developed to relate percent cover and height of 
vegetation to biomass. Data for the equations 
were taken during the first two growing seasons 
from 30 lm2 quadrats, which were selected to 
cover the range of vegetative conditions on both 
watersheds. Following development of the 
equations, 150 lm2 quadrats were randomly located 
on each watershed during August of 1980 and 1981. 
Percent cover and height of the dominant vegeta- 
tion was determined on each of these random plots 
and biomass predicted for pine seedlings, 
hardwood sprouts, legumes, and other herbaceous 
plants. 

In August of the fifth growing season, the 
herbaceous component was estimated by clipping 
and weighing 40 plots (114 by 4 m) randomly 
located on each watershed. Biomass equations 
relating ground-line diameter and total height to 
biomass were developed for loblofly pine and 
hardwood stems in the fifth growing season from 
20 pfne seedlings and 20 hardwood stems sampled 
in late August 1984. These equations were 
developed for foliage, branches, main stem, and 
total biomass for both hardwood and pine, and 
applied to measurements of all stems on five 
randomly located piots (5 by 5 m) on each 
watershed. 

. 
Samples of vegetative tissue were ground in 

a Wiley mill to pass through a 20-mesh screen and 
then analyzed for N, P, K, and Ca by standard 
procedures at the Coweeta Hydrologic Laboratory. 
Total nutrient content in above-ground regrowth 
was obtained by multiplying dry weight biomass by 
dry weight nutrient concentrations for each 
vegetation group (legumes, other herbaceous, 
hardwood sprouts, and pfne seedlings) and 
expanded to an area basis. 

RESVLTS AHD DISCUSSION 

The 'seed in place' method of natural regen- 
eration (Lotti 1961) proved effective in estab- 
lishing abundant loblolly pine seedlings on both 
WS 64 and WS 66 (Table I). As is often the case 
with natural regeneration, more seedlings were 
established than desired. Logging slash covered 
37% of the area on WS 66 after harvest, making 
pine seedling inventory difficult. As a result, 
seedling density was probably underestimated on 

WS 66 during the first growing season. By the 
second growing season, seedling numbers were 
about equal on the two watersheds. 

Table 1, Pine natural regeneration after cfear- 
cutting two loblolly pine watersheds in the 
Piedmont of South Carolina, 

Harvest Hethod Pear I. Year 2 Year 5 

WS 64 Whole-tree 82,000 75,000 20,500 
US 66 Conventional 33,000 67,000 23,000 

First year biomass in above-ground vegetation 
totaled 3,131 kg/ha on WS 64 and 2,456 kgfha on 
WS 66 (Table 2 ) .  Despite their large numbers, 
pine seedlings made up less than 1 percent of 
total biomass of the regrowth after the first 
growing season, while hardwood sprouts accounted 
for 13 to 15 percent of total biomass of the 
regrowth. About 85 percent of the first year's 
biomass on both watersheds was herbaceous 
(including legumes). Total first year biomass of 
regrowth represented about 2.4 percent of the 
pre-harvest pine biomass on both watersheds 
(Table 3) . 

Nutrient accretion in the first year 
followed a similar pattern to that of biomass 
development. Herbaceous biomass contained most 
of the nutrients and the pine component the least 
(Table 2). Nutrient accumulation in biomass 
ranged from 46 kg/ha for K to less than 3 kg/ha 
for P. Accretion of nutrients in the first year 
biomass was about 20 percent of the total N, P, 
and Ca, and about 70 percent of the K as in the 
pre-harvest plantation (Table 3). 

Boring et al. (1981) found net primary 
production, predominantly in woody plants, was 
1,725 kgfha one growing season after harvest of 
an Appalachian hardwood forest. First-year 
regrowth amounted to 1.3% of the biomass of 
adjacent stands. Regrowth of this hardwood 
forest contained about half the K content as that 
found in our study, but amounts of N ,  P, and Ca 
were similar. Differences in K accumulation can 
be attribute3 to the larger herbaceous component 
and its high K concentration on our study areas. 
Siccama and Bormann (1970) also found high R 
levels in herbaceous tissue in a northern 
hardwood forest. These studies indicate that 
regrowth following disturbance rapidly accumu- 
lates nutrients made available from decomposing 
organic matter (forest floor, logging slash, 
stumps, and roots), N fixation, mineral soil, 
and atmospheric inputs. 

Regrowth on WS 64 was greater than that on 
WS 66 in all vegetative categories during the 
second growing season (Table 2). Although 
herbaceous vegetation still dominated the 
biomass and nutrient capital of both sites, the 



Table 2.  Biomass and n u t r i e n t  a c c r e t i o n  i n  regrowth a f t e r  h a r v e s t  of mature l o b l o l l y  p i n e  on two sites i n  
t h e  S o a t h  Caro l ina  Piedmont. 

V e g e t a t i v e  Component WS 64 Whole-tree Narvest  WS 66 Conventional  Warvest 
_ _ _ _ _ _ _ - _ _ I  Years a f t e r  Harvest  - - - - - - - - - - - - - 

1 2 5 1 2 5 
- - - - - - - - - - - - - -  k g / h a - - - - - - - - - - - - -  - - - -  

Legumes 
Other Herbaceous 
Hardwood 
P ine  

biomass 

T o t a l  3,130 5,800 16,065 2,456 3,510 20,775 

n i t r o g e n  

Legumes 
Other  Herbaceous 
Hardwood 
P i n e  

T o t a l  36.27 73.08 136.14 30.75 44.43 156.27 

Legumes 
Other  Herbaceous 
Hardwood 
P ine  

phosphorous 

2.55 4.41 12.38 1.88 2.70 14.33 T o t a l  

Legumes 
Other  Herbaceous 
Hardwood 
P ine  

po tass ium 

T o t a l  45.87 80.50 67.90 36.39 50.36 76.62 

Legumes 
Other  Herbaceous 
Hardwood 
P i n e  

calcium 

T o t a l  28.37 52.58 82.81 21.80 30.32 74.57 



Table 3. Biomass and nutrient content (above 
stump) of two mature loblolly pine plantations 
in the South Carolina Piedmont (Van Lear 
et al. 1983). 

Watershed Biomass N P K Ca 

pine bi~mass increased 1.5 fold. Herbaceous 
vegetation, including legumes, increased about 
85 percent on WS 64 and 45 percent on WS 66 from 
the first to second growing season, while 
hardwood sprout biomass doubled on WS 64 and 
increased only slightly on WS 66. Hardwood 
sprout and herbaceous growth on WS 66 may have 
been reduced by shading or physical obstruction 
from logging slash. 

Accumulation of K in biomass at the end of 
the second growing season was 13 percent greater 
than that of the pre-harvest pine stand on WS 64 
and approached the pre-harvest level on WS 66. 
Accumulation of N, P, and Ca over the first two 
growing seasons ranged between 20 and 50 percent 
of the pre-harvest amounts, 

At the end of the fifth growing season, the 
trend of greater biomass on WS 64 had reversed 
(Table 2). Total biomass on WS 64 was now less 
than that on WS 66 (16,000 vs. 21,000 kglha). 
Watershed 66 surpassed WS 64 in biomass accretion 
because of better growth and survival of pine 
seedlings. The reduced survival and growth 
rates of pine seedlings on WS 64 were attributed 
to a deeper sandy loam surface horizon and more 
herbaceous competition on WS 64 than on WS 66. 
Severe summer droughts occurred on these areas 
during 1980, 1981, and 1983. The deeper surface 
soil, in combination with droughty summers and 
more herbaceous competition, probably resulted 
in moisture stress that affected growth and 
survival of pine seedlings more on WS 64 than 
WS 66. Normally, over the course of a rotation, 
a deeper surface soil in the Piedmont would 
result in more pine biomass production. Nowever, 
under severe drought conditions and the intense 
competition that developed on these naturally 
regenerated watersheds, growth of small seedlings 
may be less on sites with deeper, coarse textured 
surface horizons. 

Pine seedlings comprised 69 and 86 percent 
of the total biomass on watersheds 64 and 66, 
respectively, after five growing seasons. 
Hardwood sprout biomass increased on both 
watersheds, representing about 20 percent of the 
total bionass on WS 64 and 10 percent on WS 66. 
Herbaceous plants after five growing seasons 
contributed less than 10 percent to the total 
biomass on both watersheds. Switzer and Nelson 

(1971) in Mississippi found that herbaceous 
vegetation was still an important component of 
biomass in the fifth growing season in young 
loblolly pine plantations. Dominance of pine 
occurs more quickly in densely stocked naturally 
regenerated stacds than in plantations. 

With the exception of Ca, nutrient accretion 
on the conventionally harvested watershed was 
generally greater during the fifth growing season 
than on the whole-tree harvested watershed. The 
larger component of hardwood sprouts, which has 
high Ca concentrations, resulted in greater Ca 
accumulation on that watershed even though it had 
less total biomass. With the exception of K on 
WS 64, nutrients in regrowth continued to increase 
through the fifth growing season. The decline in 
K content between the second and fifth growing 
season was caused by the dramatic.reduction in, 
K-rich herbaceous biomass. A similar reduction 
in herbaceous biomass occurred on WS 66, but more 
growth of the pine component prevented an actual 
decline in total K content. The intolerant 
herbaceous component rapfdly declined to less 
than 10 percent of the total biomass as the pine 
seedlings assumed dominance on both sites. 

Accumulation of N, P, and K in standing 
biomass on WS 64 after five growing seasons 
amounted to 91-96 percent of the nutrients in the 
stand prior to harvest while the accretion on 
WS 66 was about 140 percent greater than that 
contained in the pre-harvest stand. In contrast, 
Ca accumulation after five years was only 59 and 
71 percent of that in pre-harvest stands on WS 64 
and 66, respectively. Foliage comprised about 
half the pine biomass in the fifth year and 
contained 60 to 80 percent of the nutrient 
content (Table 4). Similar trends of biomass and 
nutrient distribution were found in hardwood 
sprouts, with the exception of Ca, which was more 
evenly distributed between foliage, branches, and 
stems. 

Sources of N, P, K, and Ca accumulated in 
regrowth are the organic reserves left on site 
after harvest and the exchangeable/extractable 
soil nutrients (Table 5). The original forest 
floor decomposes quickly following harvest and 
contains sufficient nutrients to satisfy much of 
the nutrient demands of early regrowth (Pritchett 
and Wells 1978). Little N and P is made avail- 
able for plant uptake from deconzposition of woody 
logging debris during the regeneration period, 
although foliage in slash decomposes readily. 
Potassium, Ca, and Mg in woody slash are released 
gradually during decomposition (Barber and 
Van Lear 1984). The rate at which nutrients 
become available from decomposition of roots of 
harvested trees is uncertain and deserves 
further study. 

Regrowth following harvest is a major 
mechanism by which nutrient loss is minimized 
following ecosystem disturbance. In this study, 
low intensity prescribed burns were used to 
prepare the site for natural regeneration. 
These pre-harvest burns consumed only about 113 



Table 4 .  Biomass and nutrient content of loblolly pine after five growing seasons on two harvested 
watersheds in the South Carolina Piedmont. 

MS 64 Whole-tree Harvest WS 66 Conventional Harvest 
Biomass N P R C a Biomass N P R C a  

- - - - - - - - - - - - - - - - - - - - - -  kg/ha - - - - - - - - - - - - - - - - - - - -  
Foliage 5,981 78 6 3 1 2 0 7,981 104 9 4 1 2 7 
Brancbes 1,314 5 I 4 3 2,706 10 I 8 7 
Stem 3,742 8 1 5 7 7,136 15 2 9 13 

Total 11,037 91 8 4 0 30 17,823 129 12 5 8 4 7 

Table 5. Potential nutrient sources available for regrowth on clearcut pine watersheds (adapted from 
Van Lear et al. 1981). 

ORGANIC NUTRIENT RESERVES 
WS 64 Whole-tree Harvest WS 66 Conventional Harvest 

N P K Ca N P K Ca 

. . . . . . . . . . . . . . . . . . . .  kg/ha - - - - - - - - - - - - - - - - - - 
Forest Floor 

1 / 
176 17 2 2 164 132 12 17 102 

Logging Residue- 0 0 0 0 5 0 5 16 3 2 
S tump s and Roots 3 9 7 26 3 9 2 9 5 2 0 2 9 

Total . 2 15 2 4 48 203 211 2 2 53 163 

Soil 
EXTRACTABLE AND EXCHANGEABLE SOIL NUTRIENT RESERVES 

--- 17 213 1,332 --- 13 109 501 
- - 

L/~ogging residue on WS 64 was assumed to be zero, although a small percentage (< 5 X )  remained. 

of the forest floor each year leaving many 
viable seeds of herbaceous plants in the 
residual forest floor. Following harvest, these 
seeds as well as the recently fallen pine seed, 
germinated and quickly established a vegetative 
cover on both watersheds. The rapid development 
of herbaceous plants and the establishment of 
large numbers of pine seedlings probably allow 
for more rapid recovery of nutrient cycling on 
these naturally regenerated sites than would 
occur with some commonly used artificial 
regeneration methods. 

Uptake and accumulation of nutrients in the 
biomass of regrowth are major ecosystem recovery 
processes following clearcutting of Piedmont 
loblolly pine stands. Within five years following 

clearcutting with seed-in-place regeneration, 
regrowth had accumulated quantities of most 
nutrients (except Ca) which equaled or exceeded 
quantities in the pre-harvest plantation. 

The distribution of nutrients in regrowth 
changes during the regeneration period. During 
the first and second years, nutrients are 
primarily accumulating in herbaceous biomass, 
even though pine seedling density may be 
extremely high. By the fifth year, pine biomass 
has become dominant and contains the majority of 
the nutrients. High proportions of nutrient-rich 
tissue, as well as the rapid growth rates of 
early successional vegetation, account for the 
ability of these sites to restore tight nutrient 
cycling to the disturbed ecosystem. Regrowth and 
nutrient accumulation patterns were similar on 
both the whole-tree and conventionally harvested 
watersheds. 
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BIOMASS AM) NUTRIENT DISTRIBUTION I N  3-YEAR-OLD GREEN f$jH 
AND SWW CHESTNUT OAK GROW I N  A NIHOR STREAM BOTTOM- 

Harvey E. Kennedy, Jr., and Bryce E. s ch l aege2 '  

Abstract.--After t h r ee  growing seasons, green ash had 
produced 7,342 pounds per acre  of above-ground dry matter 
compared t o  3,572 f o r  oak. Of the  t o t a l  biomass, ash had 
53% i n  t he  bole (wood plus bark),  22% i n  old branches, 21% 
i n  leaves and 42 i n  new growth; oak had 502, 21%, 242, and 
5% i n  t he  same components. These proport ions changed a f t e r  
l e a f  f a l l .  Concentrations of N, P, K, and Mg followed the 
gene ra l  order of: leaves  > new growth > bole bark and 
branch bark > bole wood and branch wood. Calcium concentra- 
t i o n s  were highest  i n  bole bark and branch bark followed by 
leaves ,  new growth, and bole wood and branch wood. 

INTRODUCTION 

An understanding of biomass and nu t r i en t  
d i s t r i b u t i o n  i n  f o r e s t  systems is p re requ i s i t e  t o  
p r o p e r  evaluation of the e f f e c t s  of imposed s o i l s  
and s i l v i c u l t u r a l  t reatments.  This paper r epo r t s  
b iomass  and concent ra t ions  and d i s t r i b u t i o n  of 
n i t r o g e n  (N), phosphorus (P) ,  potassium (K), 
c a l c i u m  (Ca), and magnesium (Mg) i n  leaves,  new 
growch, bole wood and bark, and branch wood and 
bark of green ash (Fraxinus pennsylvanica Marsh. ) 
and swamp chestnut  oak (Quercus michauxii Nutt . ) 
d u r i n g  the t h i r d  year of a p lanta t ion .  

METHODS 

This  study was superimposed on a l a rge r  
3,, s t u d y  being conducted near Monticello , Arkansas .- 

The s t u d y  occupies about 55 ac re s  i n  a minor 

2' Paper presented a t  Southern S i l v i c u l t u r a l  
Research  Conference, At lanta ,  Georgia, November 7- 
8 ,  1984.  

2' Harvey E. Kennedy, Jr . , is P r inc ipa l  
S i l v & c u l t u r i s t  and Bryce E. Schlaegel is P r inc ipa l  
Mensu ra t ion i s t  a t  t he  Southern Hardwoods Labora- 
t o ry ,  maintained a t  S tonev i l l e ,  Miss iss ippi ,  by 
the  Southern  Fores t  Experiment S t a t i on ,  Forest  
Se rv f  ce--USDA, i n  cooperat i on  with the 
M i s s f s s i p p i  Agr i cu l tu ra l  and Fores t ry  Experiment 
S t a t  Lon and the  Southern Hardwood Forest  Research 
Group . 

2' Schlaegel ,  Bryce E. , and Harvey E. 
Kennedy, Jr. 1976. E f f ec t s  of spacing on spec ies  
y i e l d s  i n  minor bottoms. Study Plan FS-SO-1110- 
29, o n  f i l e  a t  Southern Hardwoods Laboratory, 
S t o n e v i l l e ,  Miss. 

stream bottom t h a t  t r ansec t s  pine uplands. The 
s i t e  was c leared  of a mixed. hardwood-pine s tand 
and prepared f o r  p lant ing  by shear ing ,  root  
raking,  and disking.  The s o i l  is c l a s s i f i e d  
Arkabutla, a member of the  f i n e - s i l t y ,  mixed, 
ac id ,  thermic family of Aeric Fluvaquents. These 
somewhat poorly-drained s o i l s  formed i n  s i l t y  
alluvium. Estimated s i t e  indices  (Broadfoot 
1976) range from 85-105 f e e t  fo r  green ash  and 
80-100 f e e t  f o r  swamp chestnut  oak, both a t  age 
50 years.  

The l a rge r  study s i t e  was planted with e i g h t  
spec ies  a t  f i v e  d i f f e r e n t  spacings. Species were 
green ash,  swamp chestnut  oak, sycamore (Pla tanus  
occ iden ta l i s  L.) ,  sweetgum (Liquidambar s t y r a c i f l u a  
L.), cottonwood (Populus de l to ides  Ba r t r .  ex 
Marsh.), water oak (Quercus n ig ra  L. ) ,  cherrybark 
oak (9. f a l c a t a  var .  pagodifolia  E l l . ) ,  and 
Nu t t a l l  oak (2. n u t t a l l i i  Palmer). 

The f i v e  spacings i n  f e e t  were 2 x 8 ,  3 x 8 ,  
4 x 8 ,  8 x 8,  and 12 x 12. Spacings were chosen 
t o  span from the  narrow coppice spacings t o  t he  
more usual  pulpwood and saw log spacings.  The 
8-foot d is tance  between rows was chosen t o  al low 
tending by standard farm equipment. 

Each p lo t  cons i s t s  of 169 t r e e s  of one spe- 
c i e s  planted i n  a rectangular  g r id  of 13 by 13 
rows. The i n t e r i o r  5 by 5 rows were designated a s  
permanent remeasurement rows with t he  e x t e r i o r  
four rows a s  a buffer .  

The minor stream f loodpla ins ,  such a s  repre- 
sented i n  t h i s  s tudy,  t yp i ca l ly  cons i s t  of f l a t s ,  
s lopes ,  and small r idges.  Two species ,  green ash  
and swamp chestnut  oak, were chosen f o r  sampling. 
These represent  one of t he  f a s t e r  and one of the  
slower growing species  i n  the i n i t i a l  study. One 
p lo t  fo r  each spec ies  on a r idge and f l a t  was cho- 
sen f o r  sampling. The study was l imi t ed  t o  these  



two s p e c i e s  on two s i t e s  because of the  tremen- 
dous m o u n t  of sampling time requi red .  Sampling 
was done on t h e  second rclonday of each month s t a r t -  
i n g  i n  A p r i l  1979 and cont inu ing  through March 
1980. 

The p r e s e n t  s tudy  was set up i n  p l o t s  wi th  
4- x 8-foot spacing.  Three t r e e s ,  r e p r e s e n t a t i v e  
of those  on t h e  whole p l o t ,  were s e l e c t e d  from 
t h e  second and t h i r d  border  rows around each 
sample p l o t .  I n  t h e  f i e l d ,  a l l  l eaves  were 
removed from a t r e e  before  c u t t i n g  and s t o r e d  i n  
p l a s t i c  bags i n  an ice-chest .  T a l l  t r e e s  were 
p u l l e d  over  t o  remove t h e  upper l eaves .  New 
growth, def ined  a s  woody growth t h a t  occurred 
dur ing  t h e  t h i r d  growing season,  was s e p a r a t e d ,  
bagged, and labe led .  Old branches were c l i p p e d  
i n t o  smal l  segments, bagged, and labe led .  Main 
stem was severed a t  g roundl ine ,  diametef o u t s i d e  
bark measured a t  0.5 and 4.5 f e e t ,  and t o t a l  
h e i g h t  recorded.  The bole was then c u t  i n t o  
0.5-foot s e c t i o n s ,  bagged, and labe led .  Compo- 
n e n t s  of each t r e e  on a p l o t  were kep t  s e p a r a t e  
f o r  subsequent  weighing and n u t r i e n t  determina- 
t i o n s .  

Green weights of a l l  m a t e r i a l s  were recorded 
upon r e t u r n i n g  t o  t h e  Southern Hardwoods Labora- 
t o r y ,  A r e p r e s e n t a t i v e  sample of branches was 
randomly s e l e c t e d  and the  bark separa ted  from t h e  
wood. Each t h i r d  s e c t i o n  of t h e  bo le  was 
s e l e c t e d  and bark removed from t h e  wood. The 
bark  samples included cambium and phloem t i s s u e s .  
Green weights  of each sample were then  recorded.  
Samples and t h e  remainder of each t r e e  were d r i e d  
t o  a c o n s t a n t  weight a t  70°C and dry weights  
ob ta ined .  

Leaves and samples of woody m a t e r i a l  and 
bark  were ground t o  pass  a 2-mm mesh i n  prepara- 
t i o n  f o r  chemical ana lyses .  Nitrogen was de te r -  
mined by s t a n d a r d  Kje ldah l  procedure,  P by 
c o l o r i m e t r y  wi th  molybdenum-blue c o l o r  develop- 
ment, and K, Ca, and Mg by atomic absorp t ion  
spectrophotometry a f t e r  samples had been dry- 
ashed and taken up i n  d i l u t e  HC1. 

D i f f e r e n c e s  i n  n u t r i e n t  c o n c e n t r a t i o n s  
between s i t e s  f o r  each s p e c i e s  and monthly con- 
c e n t r a t i o n s  i n  each t r e e  component f o r  each 
n u t r i e n t  were t e s t e d  using a s p l i t - p l o t  a n a l y s i s  
of var iance .  Species  were t e s t e d  s e p a r a t e l y  
because of i n h e r e n t  growth d i f f e r e n c e s  and 
p o s s i b l e  d i f f e r e n c e s  i n  n u t r i e n t  uptake. Compari- 
sons  among means were made us ing  Duncan's New 
M u l t i p l e  Range Tes t .  A l l  comparisons were made 
a t  the  0.05 l e v e l  of confidence.  

RESULTS 

Biomass 

Averaged a c r o s s  both s i t e s  a t  t h e  end of t h e  
t h i r d  growing season,  green a s h  was 1.2 inches  dbh 
and 13.0 f e e t  t a l l  compared t o  0.6 inches  and 6.8 
f e e t  f o r  swamp ches tnu t  oak. Green ash had 

produced 7,342 pounds per  a c r e  of above-ground 
biomass, whereas t h e  oaks had produced 3,572 
pounds per ac re .  

The propor t ion  of above-ground biomass i n  t h e  
tree components w a s u r e d  was very s i m i l a r  dur ing  
t h e  growing season r e g a r d l e s s  of s p e c i e s  ( t a b l e  I ) .  
Green ash ,  dur ing  t h e  growing season,  averaged 21 
percen t  of i ts  biomass i n  t h e  l e a v e s ,  53 percen t  
i n  t h e  bo le  (wood p lus  bark) ,  22 percent  i n  
branches (wood p lus  bark) ,  and 4 percen t  i n  new 
growth. Swamp ches tnu t  oak had 24, 50, 21, and 5 
percen t  i n  t h e  same components. The propor t ions  
of t h e  v a r i o u s  components a r e  shown dur ing  t h e  
dormant season f o r  each s p e c i e s  i n  t a b l e  I. Each 
component makes up a l a r g e r  p a r t  of t h e  t o t a l  
without  t h e  l e a v e s ,  but  a g a i n  r a t i o s  a r e  very 
s i m i l a r  f o r  both spec ies .  The propor t ions  of 
biomass contained i n  t h e  var ious '  components 
remained r e l a t i v e l y  cons tan t  throughout t h e  
sampling period.  

Nitrogen 

Leaves of both s p e c i e s  were a t  t h e i r  h i g h e s t  
N c o n c e n t r a t i o n  i n  May. During the lo ther  months, 
g reen  ash  had lower concentrat ions-  i n  October 
than June ( f i g .  1 ) .  Concent ra t ions  f o r  oak were 
h igher  i n  May than t h e  l a s t  t h r e e  months of t h e  
growing season. S i t e s  d i d  no t  d i f f e r .  Averaged 
a c r o s s  s i t e s ,  green a s h  contained 1.85% and oak 
1.75% N i n  May. These va lues  had dec l ined  t o  
1.16% and 1.29% r e s p e c t i v e l y  i n  October. A l l  
l e a v e s  had f a l l e n  by t h e  November sampling d a t e .  
During t h e  growing season 21% of t h e  green ash  
biomass and 55% of t h e  N was i n  l eaves .  Swamp 
c h e s t n u t  oak had 24% of i t s  biomass and 58% of t h e  
N i n  l eaves .  

Bole wood and bark i n  both s p e c i e s  s t a r t e d  
ou t  wi th  high N c o n c e n t r a t i o n s  a t  t h e  beginning of 
t h e  growing season,  decreased t o  t h e i r  minimum 
va lue  l a t e  i n  t h e  growing season,  and then 
increased  dur ing  t h e  dormant season ( f i g s .  2 and 
3 ) .  Branch wood f o r  green a s h  on t h e  r i d g e  con- 
t a i n e d  h igher  N c o n c e n t r a t i o n s  than t r e e s  on t h e  
f l a t  s i t e .  A p r i l  c o n c e n t r a t i o n  f o r  green ash  
branch wood was g r e a t e r  than a l l  o t h e r  months. No 
t r e n d s  were r e a l l y  d i s c e r n i b l e ,  wi th  some growing 
season months no t  d i f f e r e n t  from some dormant 
season months. Oaks had h igher  N c o n c e n t r a t i o n s  
i n  branch wood on t h e  f l a t  than on t h e  r i d g e  s i t e .  
Months and t h e  s i t e  by months i n t e r a c t i o n  were s ig -  
n i f i c a n t .  The t r e n d  appeared t o  be t o  s t a r t  h igh  
i n  A p r i l ,  decrease  t o  low va lues  dur ing  t h e  grow- 
i n g  season and i n c r e a s e  aga in  dur ing  t h e  dormant 
season.  Branch bark f o r  both s p e c i e s  s t a r t e d  wi th  
h igh  N c o n c e n t r a t i o n s  a t  t h e  beginning of t h e  grow- 
i n g  season,  decreased dur ing  t h e  growing season,  
then  increased  dur ing  t h e  dormant season-a t r e n d  
s i m i l a r  t o  bole  bark. Nitrogen c o n c e n t r a t i o n s  

4' A l l  d i f f e r e n c e s  d i scussed  a r e  s i g n i f i c a n t  
a t  t h e  0.05 l e v e l .  



Table 1.--Biomass and nu t r i en t  proport ions i n  components of green ash and 
swamp chestnut  oak t r e e s  

Dry 
Component and spec ies  weight N P K Ca f% 

Leaves Green ash 
Oak 

Bole wood' Green ash 
Oak 

Bole bark Green ash 
Oak 

Branch wood Green ash 
Oak 

Branch bark Green ash 
Oak 

New growth Green ash 
Oak 

Bole wood Green ash 
Oak 

Bole bark Green ash 
Oak 

Branch wood Green ash 
Oak 

Branch bark Green ash 
Oak 

New growth Green ash 
Oak 

Percent  with leaves (May-Oct.) 

Percent  without leaves (0ct.-Apr.) 

were abou t  two t o  t h ree  times higher i n  bark than 
wood ( f i g s .  2 and 3 ) .  New growth i n  both species 
s t a r t e d  with i ts  highest  N concentrat ion i n  May, 
decreased  i n  June, then decreased again but did 
not  d i f f e r  the  remaining 9 months. Nitrogen was 
higher i n  oak on the  f l a t  than on the r idge s i t e .  

Because of space l i m i t a t i o n s  and s imi l a r  
t r ends  a.mong many elements i n  the  various t r e e  
components, only N, K, and Ca f o r  leaves ,  bole 
wood, and  bole bark a r e  shown i n  t he  graphs. 
Other n u t r i e n t s  w i l l  be discussed and the  s i m i -  
l a r i t i e s  pointed out  when appropr ia te .  

P ropor t ions  of N contained i n  the  various 
t r e e  components a r e  shown i n  t a b l e  1. Even 
though branches and boles accounted f o r  a l a rge  
p ropor t ion  of the  biomass, they contained small 

amounts of N compared t o  t he  leaves. These pro- 
por t ions  changed a f t e r  leaf  f a l l .  

Phosphorus 

Fo l i a r  P l e v e l s  f o r  green ash d id  not  d i f f e r  
during the  growing season. For oak, May had 
higher concentrat ions than a l l  o ther  months, which 
d id  not d i f f e r  among themselves. Trends i n  P f o r  
green ash bole wood were s imi l a r  t o  t h a t  of N. 
Oak bole wood had s i g n i f i c a n t  d i f ferences  between 
s i t e s  and months, a s  well  a s  the s i t e  by months 
i n t e r ac t ion .  Trees on the  f l a t  s i t e  were higher 
i n  P than those on the ridge. F luc tua t ions  from 
month t o  month made any t rends  hard t o  d iscern .  
Both green ash and oak had higher P concent ra t ions  
i n  bole bark on the  f l a t  than r idge s i t e .  Green 



F i g u r e  1.--Kitrogen,  po ta s s ium,  and  ca l c ium c o n c e n t r a t i o n s  i n  g reen  a s h  
and oak l e a v e s  d u r i n g  the t h i r d  y e a r .  F l r s t  b a r  is CA r i d g e ;  s econd ,  
GA f l a t ;  t h i r d ,  oak r i d g e ;  and f o u r t h ,  oak  f l a t .  

F i g u r e  2.- -Kitrogen,  po ta s s ium,  and ca l c ium c o n c e n t r a t i o n s  i n  g r e e n  a s h  
and oak b o l e  wood d u r i n g  t h e  t h i r d  y e a r .  F i r s t  b a r  i s  GA r i d g e ;  second,  
GA f l a t ;  t h i r d ,  oak  r i d g e ;  and f o u r t h ,  oak f l a t .  



A p M  J J u A S  O N D J F M a  

Figure 3.--Nitrogen, potassium, and calcium concentrations in green ash 
and oak bole bark during t h e  third growing season. First bar is GA 
ridge; second, GA flat; third, oak ridge; and fourth, oak f l a t .  

a sh  had higher P i n  Apr i l  and June compared t o  Leaves again contained the  h ighes t  P l e v e l s ,  
J a n u a r y ,  but no t rends  could be discerned because but i n  con t r a s t  t o  N, bole and branch wood and 
of monthly va r i a t i ons .  There was a s i g n i f i c a n t  bark had s imi l a r  P- concentrat ions.  
s i t e  by  months i n t e r a c t i o n  fo r  P i n  oak bole 
bark. The apparent t rend was low P during the  Leaves a l s o  contained a high propor t ion  of 
growing season followed by increased P during the  the  P found i n  t r e e s  ( t a b l e  I ) ,  with o the r  com- 
dormant season. ponents having a much lower proport ion.  

P was a l s o  h ighes t  i n  branch wood of both 
s p e c i e s  on the f l a t  s i t e .  Monthly t rends  showed 
P i n  branch wood s t a r t e d  high a t  t he  beginning of 
t he  growing season i n  green ash, decreased during 
t h e  summer, then increased during the  dormant 
season. Oaks had a s i g n i f i c a n t  s i t e  by months 
i n t e r a c t i o n .  Trends appeared to  be t h a t  oak on 
the  r i d g e  s t a r t e d  out  high i n  Apr i l ,  dropped 
r a p i d l y  i n  May and remained r e l a t i v e l y  s t a b l e  the 
remainder of the year,  On the f l a t ,  however, P 
concen t r a t i ons  were low during the  growing season 
and inc reased  during the  dormant season. 

Concent ra t ions  i n  branch bark i n  green ash 
s t a r t e d  out  high a t  t he  beginning of t he  growing 
season, then decreased through Ju ly ,  with a low 
f r ~ m  J u l y  i n t o  most of the dormant season. 
Again, t h e r e  was a s i g n i f i c a n t  s i t e  by months 
i n t e r a c t i o n  f o r  P i n  oak branch bark. The trend,  
however, appeared to  be t h a t  t r e e s  on the  r idge 
and f l a t  s t a r t e d  out high a t  the beginning of t he  
growing season, decreased i n  the  growing season, 
and inc reased  i n  t he  dormant season. The in t e r -  
a c t i o n  appeared to  be mainly from an extremely 
high v a l u e  f o r  the  oak r idge  s i t e  i n  Apri l .  
There were no d i f f e r ences  i n  P concent ra t ions  i n  
new growth. 

Potassium 

Fo l i a r  K l eve l s  f o r  green ash were h igher  i n  
May than a l l  o ther  months, which did not  d i f f e r  
from each o ther  ( f i g .  1). Oak on the  o the r  hand, 
had higher concentrat ions the l a s t  2 months of t he  
growing season than the  f i r s t  3 months ( f i g .  1) .  

Concentrations i n  new growth of green ash 
decreased each month from Play through August, with 
t he  remaining months having lower, but s t a b l e  con- 
cen t r a t i ons .  Oak was maximum i n  Nay, decreased 
the  next 2 months, then decreased again  and 
remained s t a b l e  the  remainder of the year. 

There were no d i f ferences  i n  K concent ra t ions  
i n  green ash bole wood ( f i g .  2) .  However, oak 
s t a r t e d  low ea r ly  i n  the growing seagon, maximized 
from May through October, then decreased during 
the  dormant season ( f i g .  2). Ash and oak bole 
bark concentrat ions s t a r t e d  out low, maximized 
during the mid- and late-growing season, then 
decreased during the  dormant season ( f i g .  3 ) .  
There were no d i f ferences  i n  concentrat ions i n  ash  
and oak branch wood. Potassium i n  branch bark i n  
green ash was g rea t e s t  i n  June with no r e a l  t rend  



d i sce rn ib l e  during the year,  Oak was s imi l a r  t o  
t he  green ash. Proport ions of K i n  the various 
components with and without leaves a r e  shown i n  
t a b l e  1, 

Calcium 

Calcium concentrat ions i n  green ash fo l i age  
s t a r t e d  a t  a low l eve l  i n  Flay, peaked i n  August 
and September, then decreased i n  October ( f i g .  I ) .  
Oak leaves,  however, s t a r t e d  low i n  May and in- 
creased during the summer t o  a high i n  October. 
Green ash and oak t r e e s  had higher Ca concentra- 
t i o n s  i n  new growth on the r idge  than f l a t  s i t e s .  
No o ther  d i f ferences  occurred. 

Calcium concentrat ions i n  ash bole wood on 
both s i t e s  s t a r t e d  low a t  the  beginning of the  
growing season, then increased i n  the l a t e  grow- 
ing season u n t i l  a maximum was reached during the  
dormant season ( f i g .  2) .  Calcium i n  bole wood of 
oak was low during the  growing season, increased 
r ap id ly  i n  September and October, then remained 
r e l a t i v e l y  s t a b l e  during the  dormant season. 
Branch wood of both spec ies  s t a r t e d  out low, then 
increased i n  the l a t e  growing season and dormant 
period. Oak branch wood had higher concentra- 
t i o n s  on the  r idge s i t e .  There were no s i g n i f i -  
cant  d i f f e r ences  i n  bole bark f o r  e i t h e r  spec ies  
( f i g .  3) ,  and branch bark f o r  oaks during the 
sampling period. There were monthly d i f ferences  
i n  green ash  branch bark, but no trend was dis-  
ce rn ib l e  s ince  11 of the 12 months did not 
d i f f e r .  Calcium i n  oak bole bark and branch bark 
was higher on the  r idge  s i t e .  

Proport ions of Ca i n  t he  various components 
a r e  shown i n  t ab l e  1. Leaves and bole bark con- 
ta ined  a high proport ion of Ca. After  leaf  f a l l ,  
bole and branch bark and bole wood appeared t o  be 
major s torage  a r eas  f o r  t h i s  element. Calcium 
concent ra t ions  ( f i g .  2) i nd i ca t e  poss ib le  absorp- 
t i o n  through the  roots  and consequent s torage  i n  
bole wood during the dormant season. 

1-year period i n  the  l i f e  of the p lanta t ion ,  S i t e ,  
age, spec ies ,  and stand dens i ty  a f f e c t  proport ions 
of n u t r i e n t s  i n  indiv idual  p a r t s  by a l t e r i n g  the  
d i s t r i b u t i o n  of the t o t a l  biomass mong t i s s u e s  
and perhaps a f f e c t i n g  concentrat ions of n u t r i e n t s  
i n  indiv idual  s e w e n t s  (Shoulders 1981). 

After  three  growing seasons, green ash had 
produced 7,342 pounds per acre  of above-ground dry 
matter  compared t o  only 3,572 f o r  swamp ches tnut  
oak. Of the t o t a l  biomass, ash averaged 53% i n  
t he  bole (wood plus bark),  21% i n  leaves,  22% i n  
old branches (wood plus bark),  and 4% i n  new or  
current-year growth. Swamp chestnut  oak had 50, 
24, 21, and 5% i n  the  same components. These pro- 
por t ions  changed a f t e r  leaf  f a l l .  Concentrations 
of N, P, K, and M g  followed the general  order of 
leaves  > current-year growth > bole and branch 
bark > bole and branch wood. Calcium was h ighes t  
i n  bole and branch bark followed by leaves,  
current-year growth, and bole and branch wood. 
Foliage of ash accounted f o r  212 of the t o t a l  
biomass and contained 34-552 of the  indiv idual  
n u t r i e n t s ,  while oak fo l i age  comprised 24% of t he  
biomass and contained 30-58% of the  indiv idual  
nu t r i en t s .  F i f ty- three  percent of the  t o t a l  
biomass and 47051% of indiv idual  nu t r i en t s  were i n  
t he  bole of ash,  while i n  oak the  bole accounted 
f o r  50% of the biomass and 41-472 of the n u t r i e n t s .  
These r e s u l t s  a r e  s imi l a r  i n  t rends  and concentra- 
t i ons  t o  those reported f o r  d i f f e r e n t  spec ies  by 
o ther  researchers  (Baker and Blackxcon 1977, Car ter  
and White 1971, Shoulders 1981, Shelton e t  a l .  
1981, Francis  1984). 

Some elements, a s  shown by higher concentra- 
t i ons ,  probably were absorbed by roots  and s to red  
i n  stems and branches even when t r e e s  were i n  dor- 
mancy. 

Because of the  high concentrat ion of individ-  
ua l  elements contained i n  the  leaves,  any harvest-  
ing system t h a t  r e tu rns  the leaves t o  the s i t e  
would r e tu rn  a l a rge  proport ion of the n u t r i e n t s  
t o  the s o i l  and thus cont r ibute  t o  maintenance of 
s i t e  qua l i t y .  

Magnesium 
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I S  AERII-L I G N I T I O N  A PAFJLCEA TO 

1 i THE SOVTHERI$ PRESCRIBED BUXMEZ?-- 

A b s t r a c t . - - I g n i t i n g  p r e s c r i b e d  b u r n s  f r o m  a i r c r a f t  
p e r m i t s  t h e  f o r e s t  manage r  t o  i g n i t e  l a r g e  a r e a s  e x p e d i -  
t i o u s l y  a n d  a l l o w s  f o r  r a p i d  b u r n o u t ,  B e c a u s e  a i r c r a f t  
r e n t a l s ,  f e r r y i n g ,  a n d  s t a n d b y  c o s t s  a r e  h i g h ,  t h e s e  
m a c h i n e s  mus t  b e  u s e d  e f f i c i e n t l y  t o  make t h e i r  u s e  
e c o n o m i c a l l y  f e a s i b l e .  B u r n i n g  a r e a s  i n  e x c e s s  o f  500 
a c r e s  u s u a l l y  a l l o w s  p e r  a c r e  a m o r t i z a t i o n  o f  c o s t s  t o  
a  r e a s o n a b l e  l e v e l ,  b u t  s m a l l e r  a r e a s  c a n  b e  a f f o r d a b l y  
b u r n e d  o n l y  i f  s e v e r a l  n e i g h b o r i n g  a r e a s  a r e  d o n e  
s u c c e s s i v e l y .  X e l i t o r c h e s  f i l l e d  w i t h  g e l l e d  g a s o l i n e  a r e  
b e s t  u s e d  f o r  s i t e  p r e p a r a t i o n  b u r n i n g  w h i l e  t h e  a e r i a l  
i g n i t i o n  d e v i c e  ( A I D )  s y s t e m  a l l o w s  f o r  b e t t e r  s p o t  f i r e  
p l a c e m e n t  when u n d e r b u r n i n g  e x i s t i n g  s t a n d s .  

INTRODUCTION 

P r e s c r i b e d  f i r e  c o n t i n u e s  t o  p l a y  a n  
i m p o r t a n t  r o l e  i n  t h e  management o f  many 
S o u t h e r n  f o r e s t s ,  p r i m a r i l y  f o r  p u r p o s e s  
o f  h a z a r d  r e d u c t i o n  a n d  u n d e s i r a b l e  
s p e c i e s  c o n t r o l .  B u t  o n e  o f  t h e  e n d e m i c  
p r o b l e m s  o f  a n  e x t e n s i v e  b u r n i n g  p r o g r a m s  
h a s  b e e n  t h e  l i m i t e d  number o f  s u i t a b l e  
d a y s  f o r  b u r n i n g  when w i n d s  r e m a i n  s t e a d y ,  
b u t  n o t  t o o  h i g h ,  f o r  e x t e n d e d  p e r i o d s  and  
t e m p e r a t u r e s  r e m a i n  b e l o w  60°p. 

B e f o r e  t h e  u s e  o f  a i r c r a f t  i n  p r e -  
s c r i b e d  b u r n e s ,  a r e a s  w e r e  u s u a l l y  
i g n i t e d  b y  men w a l k i n g  a n d  s t r i n g i n g  f i r e  
f rom d r i p  t o r c h e s .  The r a t e  o f  i g n i t i o n  
was l i m i t e d  b y  t h e  r a t e  a t  w h i c h  men 
c o u l d  t r a v e l  on f o o t  a n d  t h e  number o f  
i n t e r n a l  l i n e s  c o n s t r u c t e d  b e f o r e h a n d .  

l /F?ape r  p r e s e n t e d  a t  t h e  T h i r d  
~ i e n n i a l  S o u t h e r n  S i l v i e u l t u r a L  R e s e a r c h  
C o n f e r e n c e ,  A t l a n t a ,  G e o r g i a ,  November 
? - a ,  1 9 8 4  

2 / ~ a g n e r  W. J o h a n s e n ,  R e s e a r c h  - 
F o r e s t e r ,  U S C A  F o r e s t  S e r v i c e ,  S o u t h -  
e a s t e r n  F o r e s t  E x p e r i m e n t  S t a t i o n ,  
S o u t h e r n  F o r e s t  F i r e  L a b o r a t o r y ,  Macon 
G e o r g i a  

S p e c i a l  c a r e  had  t o  b e  e x e r c i s e d  i n  t h e  
i g n i t i o n  p a t t e r n s  u s e d  s o  t h e  t o r c h m e n  
wou ld  n o t  b e  e n d a n g e r e d  by  t h e i r  own 
f i r e s .  The r e c e n t  u s e  o f  a i r c r a f t  t o  
i g n i t e  p r e s c r i b e d  b u r n s  h a s  h a d  two  
e f f e c t s :  

I. The i g n i t i o n  p r o c e s s  h a s  b e e n  
g r e a t l y  a c c e l e r a t e d ,  a n d  

2 .  The t y p e  o f  i g n i t i o n  p a t t e r n  
u s e d  i s  n o t  g o v e r n e d  b y  c o n s i d e r a t i o n s  
o f  p e r s o n n e d  s a f e t y  w i t h i n  t h e  f i r e d  
a r e a .  No o n e  n e e d  b e  t h e r e .  

Two t y p e s  of' a e r i a l  i g n i t i o n  s y s -  
t e m s  a r e  c u r r e n t l y  a v a i l a b l e  f o r  u s e :  
( 1 )  t h e  a e r i a l  i g n i t i o n  d e v i c e  (AID)  
t h a t  i s  a  m a c h i n e - d i s p e n s e 6  p l a s t i c  
c a p s u l e  c o n t a i n i n g  a n  i g n i t e r  c h e m i c a l ,  
a n d  ( 2 )  t h e  h e l i t o r c b ,  w h i c h  i s  a  g i a n t  
v e r s i o n  o f  a  h a n d - c a r r i e d  d r i p  t o r c h  
f r o m  w h i c h  a f l a m i n g  p e t r o l e u m  l i q u i d  
i s  d i s p e n s e d .  

A E R I A L  IGNITION DEVICES 

I n  t h e  mid  1960's A u s t r a l i a n  
f o r e s t e r s  d e v e l o p e d  t h e  f i r s t  AID 
p r o t o t y p e  by  u s i n g  powdered  p o t a s s i u m  
p e r m a n g a n a t e  i n  a  c y l i n d r i c a l  p l a s t i c  
c a p s u l e  t h a t  wou ld  i g n i t e  upon t h e  i n l r o -  
d u c t i o n  o f  e t h y l e n e  g l y c o l  s o l u t i o n  
( ~ a c k h a m  and  P e e t  1 9 6 1 ) .  The s y s t e m  



a l l o w e d  f o r  n a c h i n e  i n j e c t i o n  and  d i s -  
p e n s i n g  c l t h e  s c t i v a t e d  c a p s u l e s  f rom 
f i x e d - w i n g  a i r c r a f t  and  was u s e d  t o  p r e -  
s c r i b e  b u r n  t h o u s a n d s  o f  a c r e s  o f  f o r e s t  
l a n d  d a i l 3 .  

d i a n  f o r e s t e r s  a d o p t e d  t h e  u s e  
o f  A I D S  i m  t h e  l g 7 O t s  b u t  c h a n g e d  t h e  
d e s i g n  o f  t h e  i g n f t e r  t o  a  s i n g - g o n g  
b a l l - l i k e  c a p s u l e  a n d  r e d e s i g n e d  t h e  
d i s p e n s i n g  mach ine  t o  h a n d l e  t h i s  new 
c a p s u l e .  T h e s e  new A I D S  a r e  a v a i l a b l e  t o  
t h e  p u b l i  e f o r  p u r c h a s e s 3 / .  Use o f  t h e  
AIDs r e q u i r e s  no g r o u n d  s u p p o r t  t o  s u p p l y  
o r  o p e r a t e  t h e  e q u i p m e n t ,  b u t  a  d i s -  
p e n s i n g  m a c h i n e  o p e r a t o r  i s  n e e d e d  i n  
t h e  a i r c r a f t .  The s y s t e m  s h o u l d  o n l y  b e  
u s e d  when t h e  g r o u n d  l i t t e r  i s  e n t i r e l y  
c o n t i n u o u s  b e c a u s e  t h e  p l a s t i c  b a l l  
i g n i t i o n  a r e a  i s  n o t  much g r e a t e r  t h a n  
t h e  b a l l  i t s e l f .  The main  a d v a n t a g e s  t o  
u s i n g  A I D s  a r e  t h e  c o m p l e t e  c o n t r o l  t h a t  
i s  p o s s i b l e  i n  p l a c e m e n t  o f  s p o t  f i r e s  
w i t h i n  a n  a r e a  and  t h e  l a c k  o f  n e e d  f o r  
g r o u n d  s u p p o r t  p e r s o n n e l  t o  s e r v i c e  t h e  
m a c h i n e .  T h i s  i g n i t i o n  s y s t e m  i s  n o t  
r ecommended  f o r  i g n i t i n g  p i l e d  l o g g i n g  
d e b r i s  o r  b r o a d c a s t  d e b r i s  a r e a s  where  
c o n s i d e r a b l e  f u e l  d i s c o n t i n u i t y  e x i s t s .  

The A I D  s y s t e m  i s  b e i n g  u s e d  e x t e n -  
s i v e l y  t h r o u g h o u t  t h e  S o u t h .  The Morth  
C a r o l i n a  F o r e s t  S e r v i c e  u s e s  e x c e s s  
p r o p e r t y  m i l i t a r y  h e l i c o p t e r s  a n d  A I D  
m a c h i n e s ,  and o f f e r s  a  p r e s c r i b e d  b u r n -  
i n g  s e r v i c e  a t  c o s t  t o  f o r e s t  l a n d o w n e r s  
i n  t h e  S t a t e .  Landowners  must  make e a r l y  
a p p l i c a t i  on f o r  p r e s c r i b e d  b u r n i n g  
s e r v i c e s  s o  t h e  S t a t e  p e r s o n n e l  c a n  p l a n  
t h e  most  e f f i c i e n t  u s e  o f  t h e  p r o x i m a t e  
t o  e a c h  o t h e r .  The G e o r g i a  F o r e s t r y  
c o m m i s s i o n  a l s o  owns a  m a c h i n e  t h e y  u s e  
t o  p r e s c r i b e  b u r n  S t a t e  F o r e s t  l a n d s .  The 
mach ine  h a s  a l s o  b e e n  u s e d  t o  b u r n  
F e d e r a l  l a n d s  w i t h i n  G e o r g i a .  
W e y e r h a e u s e r  Go. and  Union Camp C o r p . ,  
among o t h e r s ,  a l s o  u s e  AIDs t o  u n d e r b u r n  
t h e i r  p i n e  f o r e s t s  i n  t h e  S o u t h .  

HELLTORCHES 

S e v e r a l  p r o t o t y p e s  o f  h e l i t o r c h e s  
a r e  b e i n g  u s e d  o p e r a t i o n a l l y  t o  i g n i t e  
s c e u m u l a t  i o n s  o f  n a t u r a l  u n d i s t u r b e d  
f o r e s t  l i t t e r  and  l o g g i n g  d e b r i s ,  b u t  
o n l y  t h e  S i m p l e x  t o r c h ,  c e r t i f i e d  f o r  
u s e  on N a t i o n a l  F o r e s t s ,  i s  c o m m e r c i a l l y  

3 /  P r e m o  P l a s t i c s  E n g i n e e r i n g ,  L t d . ,  
863 G e w ~ i e l d  Road,  V i c t o r i a ,  B.C., 
Canada.  

a v a i l a b l e  t o  t h e  p u b l i c k / .  The s i m p l e x  
t o r c h  i s  s u s p e n d e d  be low t h e  h e l i c o p t e r  
on two c a b l e s ,  1 3  and  1 6  f e e t  l o n g ,  t h a t  
a r e  a t t a c h e d  t o  t h e  c r a f t ' s  c a r g o  h o o k .  
rn ibis a l l o w s  f o r  t h e  i m m e d i a t e  j e t t i s o n  o f  
t h e  t o r c h  i n  e m e r g e n c i e s . A  g round  c r e n  o f  
f o u r  men i s  u s u a l l y  u s e d  w i t h  t h i s  
o p e r a t i o n .  Only  a  two man c rew i s  n e e d e d  
i f  a  c a r t ,  r e c e n t l y  d e s i g n e d  by USDA 
F o r e s t  S e r v i c e  p e r s o n n e l ,  i s  u s e d  t o  move 
t h e  f u e l  d rums .  A i r c r a f t  s e r v i c i n g  i s  
somewhat cumbersome b e c a u s e  e i t h e r  t h e  
p i l o t  must  h o v e r  w h i l e  f u e l  t a n k s  a r e  
e x c h a n g e d  o r  t h e  h e l i t o r c h  must b e  l a n d e d  
b e f o r e  t h e  c r a f t  c a n  l a n d  b e s i d e  i t .  

The i g n i t i o n  f u e l  now u s e d  i n  a l l  
t o r c h e s  i s  g e l l e d  g a s o l i n e ,  made b y  mix- 
i n g  a  p r o p r i e t a r y  p r o d u c t ,  Alumagel  
powder ,  w i t h  g a s o l i n e .  The recommended 
p r o p o r t i o n s  o f  powder t o  g a s o l i n e  a r e  5 
t o  6 pounds  p e r  25 g a l l o n s ,  b u t  o n e  
o p e r a t o r  u s e s  o n l y  3  t o  4 pounds  b y  mix-  
i n g  a d a y ' s  s u p p l y  s e v e r a l  h o u r s  b e f o r e  
u s e .  G a s o l i n e  c o n t a i n i n g  t e t r a e t h y l  l e a d  
s u c h  a s  r e g u l a r  g a s o l i n e ,  t h i c k e n s  more  
q u i c k l y  and  u n i f o r m l y  t h a n  t h e  u n l e a d e d  
p r o d u c t .  A newer  p r o d u c t  c a l l e d  S u r e -  
f i r e ,  a v a i l a b l e  f rom W e s t e r n  Equ ipment  
Co. a t  a b o u t  $4 . O O  p e r  g a l l o n ,  w i l l  
t h i c k e n  g a s o l i n e  more r a p i d l y  a t  a  c o n c e n -  
t r a t i o n  o f  o n l y  2 pounds  p e r  30 g a l l o n s .  

The owner o f  S u m m e r v i l l e  A v i a t i o n ,  
I n c  . , S u m m e r v i l l e ,  S o u t h  C a r o l i n a ,  h a s  
d e s i g n e d  a  h e l i t o r c h  t h a t  i s  mounted on 
h i s  own h e l i c o p t e r s  f o r  c o n t r a c t  p r e -  
s c r i b e d  b u r n i n g  work.  The a i r c r a f t  i s  
s e r v i c e d  by  one  g round-c rew member who 
c a r r i e s  a l l  n e e d e d  s u p p l i e s  i n  a  l o n g -  
b e d  p i c k u p  t r u c k .  These  a i r c r a f t  o p e r a t e  
f rom f o r e s t  o p e n i n g s  a n d  woods r o a d  
i n t e r s e c t i o n s .  R e p l e n i s h i n g  t o r c h  f u e l  
mix u s u a l l y  t a k e s  l e s s  t h a n  2 m i n u t e s  a s  
a  r e s u l t  o f  t h e  p i l o t  b e i n g  a b l e  t o  l a n d  
a n d  t a k e  o f f  i n  a  no rmal  c o n f i g u r a t i o n .  
Emergency l a n d i n g s ,  s u c h  a s  b y  a u t o -  
r o t a t i o n ,  a r e  a l s o  i n  n o r m a l  c o n f i g u -  
r a t i o n  w i t h  t h e  t o r c h  f u e l  i g n i t e r  
t u r n e d  o f f .  

A n o t h e r  a i r c r a f t  l e a s i n g  f i r m ,  R o t o r  
Wing, I n c .  Birmingham,  Alabama;  h a s  
d e s i g n e d  and  c o n s t r u c t e d  a  s t e e l  t u b i n g  
f r a m e  i n  which  t h e  h e l i t o r c h  and t o r c h  
f u e l  t a n k  a r e  f a s t e n e d .  The h e l i c o p t e r  
s k i d s  f i t  i n t o  m e t a l  c h a n n e l s  on t o p  o f  
t h e  f r a m e  which  i s  h e l d  t o  t h e  h e l i c o p t e r  

& / s i m p l e x  M a n u f a c t u r i n g  C o . ,  
~ o r t l T n d ,  Oregon .  



by c a b l e s  a t t a c h e d  t o  t h e  p l a n e ' s  c a r g o  
hook .  I n  c a s e  o f  i n - f l i g h t  e m e r g e n c i e s ,  
t h e  f r a m e  c a n  be  i m m e d i a t e l y  j e t t i s o n e d  
f rom t h e  a i r c r a f t  by r e l e a s i n g  t h e  hook .  
I n  t h e  o p e r a t i o n a l  mode,  t h e  b o t t o m  o f  
t h e  f r ame  c o n t a c t s  t h e  g r o u n d  a n d  
s u p p o r t s  t h e  w e i g h t  o f  t h e  a i r c r a f t .  The 
f r ame  would c o t  s u p p o r t  t h e  h e l i c o p t e r  
i n  a n  emergency  a u t o r o t a t i o n  l a c d i n g .  
C u r r e n t l y  one  g r o u n d  crewman i s  u s e d  t o  
mix t h e  g e l l e d  g a s o l i n e  and  s e r v i c e  t h e  
a i r c r a f t  f rom a p i c k u p .  The o p e r a t i o n  
r u n s  s m o o t h l y ,  a l t h o u g h  t h e  g a s o l i n e  i s  
n o t  a l w a y s  p r o p e r l y  g e l l e d  by  t h e  t i m e  
t h e  h e l i c o p t e r  r e t u r n s  f o r  r e f u e l i n g  . . .  
a n o t  uncommon o c c u r r e n c e  i n  mix-as-  
n e e d e d  o p e r a t i o n s .  

BURNING COSTS 

U s i n g  h e l i c o p t e r s  t o  d e l i v e r  
i g n i t i o n s  f rom e i t h e r  A I D  m a c h i n e s  o r  
h e l i t o r c h e s  i s  e x p e n s i v e .  The c h a r g e  f o r  
l e a s i n g  a  f o u r  t o  f i v e  p a s s e n g e r  h e l i -  
c o p t e r  s u c h  a s  t h e  B e l l  206 c u r r e n t l y  
c o s t s  a b o u t  $550 p e r  d a y  f o r  s t a n d b y  
p l u s  $150 p e r  h o u r  f o r  f l y i n g  t i m e .  
S m a l l e r  h e l i c o p t e r s ,  s u c h  a s  t h e  two 
p l a c e  Hughes 5 0 0 ,  c o s t  a p p r o x i m a t e l y  
$350 f o r  s t a n d b y  p l u s  $100 p e r  h o u r  when 
f l y i n g .  F o r t u n a t e l y ,  t h e  s m a l l e r  a i r c r a f t  
a r e  a d e q u a t e  f o r  p e r f o r m i n g  t h e  p r e -  
s c r i b e d  b u r n i n g  t a s k s .  P e r  a c r e  b u r n i n g  
c o s t s  a r e  m i n i m i z e d  i f  t h e  o p e r a t i o n  
t a k e s  p l a c e  on a r e a s  1 , 0 0 0  a c r e s  o r  
g r e a t e r .  R e a s o n a b l e  c o s t s ,  a v e r a g i n g  
u n d e r  $ 3  p e r  a c r e ,  c a n  a l s o  be  r e a l i z e d  
on s m a l l e r  a r e a s  ( t r a c t s )  i f  s e v e r a l  
a r e  p r o x i m a t e l y  l o c a t e d  t o  m i n i m i z e  
f e r r y  t i m e  and  which  c a n  be  b u r n e d  d u r i n g  
t h e  same d a y .  

T h e r e  would b e  a  d e f i n i t e  a d v a n t a g e  
f o r  t h e  l a n d o w n e r  t o  d e a l  w i t h  a i r c r a f t  
o p e r a t o r s  who have  h a d  p r e v i o u s  e x p e r i -  
e n c e  w i t h  a e r i a l  i g n i t i o n ,  b u t  i n  a l l  
c a s e s  t h e r e  s h o u l d  b e  a d e q u a t e  g r o u n d  
c o n t r o l  s u c h  t h a t  t h e  o p e r a t i o n  c a n  b e  
h a l t e d  i f  f i r e  b e h a v i o r  becomes more 
i n t e n s e  t h a n  d e s i r e d .  

FIRE BENAVIOR DIFFERENCES 

RESULTING FROM SPOT 

AND LIME IGNITIONS 

T h a t  f i r e  f r o n t s  b e h a v e  d i f f e r -  
e n t l y  d e p e n d i n g  on  w h e t h e r  t h e y  a r e  
moving w i t h ,  a g a i n s t ,  o r  f l a n k i n g  t h e  
p r e v a i l i n g  wind d i r e c t i o n  i s  common 
knowledge  among w i l d l a n d  f i r e  f i g h t e r s .  
T h e r e  a l s o  i s  e v i d e n c e  t h a t  t h e  s p r e a d  
r a t e  o f  f i r e s  moving w i t h  t h e  wind i s  

g r e a t l y  i n f l u e n c e d  by t h e  l e n g t h  o f  t h e  
f i r e  f r o n t .  

P r e l i ~ i n a r y  r e s u l t s  f rom a  f i r e  
b e h a v i o r  s t u d y  i n v o l v i n g ,  among o t h e r s ,  
s i m u l t a n e o u s  i g n i t i o n s  o f  a k - c h a i n  l i n e  
o f  h e a d i n g  f i r e  p r o x i m a t e  t o  a  s i n g l e  
s p o t  f i r e  i n d i c a t e  t h a t  w i t h i n  t h e  f i r s t  
10-min b u r n i n g  p e r i o d  t h e  l i n e  o f  f i r e  
w i l l  h a v e  t r a v e l  a  d i s t a n c e  1 . 7  t o  1 3 . 5  
t i m e s  f a r t h e r  downwind t h a n  t h e  s p o t  
f i r e  ( t a b l e  I ) .  T h i s  means t h a t  a  s e r i e s  
o f  s p o t  f i r e s  i g n i t e d  a l o n g  a  l i n e  wou ld  
b e  e x p e c t e d  t o  d e v e l o p e  l o w e r  f i r e  
i n t e n s i t i e s  a l o n g  t h e  i g n i t i o n  l i n e  
t h a n  would  a n  e q u a l  l i n e  o f  f i r e  i n  t h e  
same ,  c o n t i n u o u s  u n d e r s t o r y .  f u e l .  Such  
i n f o r m a t i o n  s h o u l d  b e  u s e f u l  t o  p r e -  
s c r i b e d  b u r n e r s  who a r e  c o n s i d e r i n g  
u s i n g  e i t h e r  a  h e l i t o r c h  o r  A I D  
m a c h i n e .  

INFLUENCES OF TREE SIZE 

AND BURNING SEASON 

Young t r e e s ,  f r e q u e n t l y  up t o  3  
i n c h e s  d . b . h . ,  a r e  o f t e n  s t e m  g i r d l e d  
by h e a t  when b u r n e d  i n  w i l d f i r e s .  Most 
n a t i v e  p i n e  s p e c i e s  w i l l  n o t  s u r v i v e  
s u c h  t r e a t m e n t  w h i l e  t h e  hardwoods  w i l l  
u s u a l l y  r e s p r o u t  f rom a d v e n t i t i o u s  b u d s  
i n  t h e  r o o t  c o l l a r  o r  l a t e r a l  r o o t s .  
Young p l a n t a t i o n s  h a v e  b e e n  s u c c e s s f u l l y  
p r e s c r i b e d  b u r n e d ,  b u t  e x t r e m e  c a r e  was 
e x e r c i s e d .  F u e l  l o a d i n g  must be  l i g h t  
w e i g h t ,  and b a c k i n g  f i r e  i s  u s u a l l y  u s e d  
t o  m i n i m i z e  f i r e l i n e  i n t e n s i t y .  

T r e e s  w i t h  s t e m s  more t h a n  5  i n c h e s  
d . b . h .  a r e  u s u a l l y  n o t  damaged by h e a t  
e x p o s u r e  t o  t h e  s t e m .  Most m o r t a l i t y  
i s  due  t o  h e a t  k i l l  a t  t h e  cambium and  
b u d s  i n  t h e  t r e e  c r o w n .  The t a l l e r  t h e  
t r e e ,  t h e  g r e a t e r  t h e  f i r e l i n e  i n t e n s i t y  
t h e  crown c a n  w i t h  s t a n d  b e f o r e  damage 
o c c u r s  b e c a u s e  h e a t  d i s s i p a t e s  w i t h  
h e i g h t  ( ~ a v i s  and M a r t i n  1 9 6 0 ) .  T h u s ,  
p r e s c r i p t i o n  b u r n s  i n  t h e  u n d e r s t o r y  o f  
a  3 0 - f o o t  s t a n d  must  be  u n d e r t a k e n  w i t h  
c o n s i d e r a b l y  more c a r e  and  f i n e s s e  
t h a n  i f  t h e  s t a n d  w e r e  d o u b l e  t h a t  
h e i g h t .  The d e c i s i o n  w h e t h e r  a e r i a l  
i g n i t i o n  c a n  b e  s a f e l y  u s e d  t o  u n d e r -  
b u r n  d e p e n d s  n o t  o n l y  on s t a n d  s i z e  b u t  
a l s o  on a v a i l a b l e  f u e l  l o a d i n g  i n  t h e  
f l a m i n g  f r o n t .  The amount o f  f u e l  a n d  
r a t e  a t  wh ich  i t  b u r n s  d e t e r m i n e s  h e a t  
r e l e a s e  r a t e ,  wh ich  i s  t h e  k e y  t o  
j u d g i n g  t h e  p r o b a b l e  s u c c e s s  o f  a  b u r n .  

I n  a l l .  c a s e s  where  n a t u r a l  s t a n d s  
a r e  b e i n g  p r e s c r i b e d  b u r n e d ,  a e r i a l  
i g n i t i o n s  w i l l  r e s u l t  i n  h i g h e r  f i r e  
i n t e n s i t i e s  t h a n  i f  b a c k i n g  f i r e s  a r e  



Table 2.--Spot f i r e  and l i n e  f i r e  downwind dis tances  t r a ~ e l e d  during January 1984 f o r  equivalent time 
p e r i o d s  i n  a  2-year pahent to-gal lberry  rough i n  Coastal P la in  Georgia 

F i r e  
p- e p l i c a t i o n  

Hour S u r f a c e  l i t t e r  T r a v e l  d i s t a n c e  
f u e l  m o i s t u r e  

S p o t  f i r e  
5 min 10 rain 

L i n e  E i r e  
5 = i n  10 min 

P e r c e n t  -------------- Feet------------------- 

u s e d .  The f o r e s t  m a n a g e r ,  t h e r e f o r e  must  
f i r s t  d e c i d e  w h e t h e r  t h e  u n d e r s t o r y  i n  
n e e d  o f  b u r n i n g  c a n  t o l e r a t e  a n y t h i n g  
o t h e r  t h a n  a  b a c k i n g  f i r e  b e c a u s e  o f  t o o  
young  an o v e r s t o r y ,  t o o  much f u e l  
a c c u m u l a t i o n ,  o r  b o t h .  Only  i f  c r o p  
t r e e s  c a n  w i t h s t a n d  t h e  e x p e c t e d  f i r e -  
l i n e  i n t e n s i t y  w i t h o u t  e x c e s s i v e  damage 
o f  a e r i a l  i g n i t i o n .  

LITTER MOISTURE EFFECTS 

a n  a r e a  and  r e l a t i v e  h u m i d i t y  d r o p s  t o  
be low 30 p e r c e n t ,  t h e  s u r f a c e  l i t t e r  c a n  
change  f rom a  m o i s t u r e  c o n t e n t  a b o v e  35 
p e r c e n t  i n  t h e  ' m o r n i n g  t o  w e l l  b e l o w  30 
p e r c e n t  i n  t h e  a f t e r n o o n .  As a  r e s u l t ,  
f i r e  b e h a v i o r  w i l l  a l s o  change  s h a r p l y  
d u r i n g  t h e  c o u r s e  o f  t h e  d a y .  The  p r e -  
s c r i b e d  b u r n e r  must  r e m a i n  c o g n i z a n t  o f  
t h e s e  c h a n g e s  and c o n d u c t  b u r n i n g  i n  
a c c o r d a n c e  w i t h  t h e m .  

SITE PREPARATION BURNING 
O N  FIRE SPREAD RATE 

E s t i m a t e s  o f  c h a n g e s  i n  r a t e  o f  f i r e  
s p r e a d  due t o  c h a n g e s  i n  l i t t e r  m o i s t u r e  
i n  p a l m e t t o - g a l l b e r r y  f u e l  u n d e r  a  s l a s h  
p i n e  s t a n d  have  b e e n  p u b l i s h e d  by Hough, 
where  he  s u g g e s t s  t h a t  h a l v i n g  t h e  l i t t e r  
m o i s t u r e  w i l l  c a u s e  a n  a p p r o x i m a t e  25 
p e r c e n t  i n c r e a s e  i n  f i r e  s p r e a d  r a t e  a t  
t h e  h e a d  ( ~ o u ~ h  a n d  A l b i n i  1 9 7 3 ) .  

P r e l i m i n a r y  s t u d y  i n f o r m a t i o n  ( t a b l e  
1) s h o w s  t h a t  a  l i n e  o f  f i r e  b u r n i n g  
a c r o s s  s u r f a c e  l i t t e r  o f  37 p e r c e n t  
m o i s t u r e  c o n t e n t  moves o n l y  a t  a n  
a v e r a g e  r a t e  o f  1 0 . 5  f e e t  p e r  m i n u t e .  
The a u t h o r  o b s e r v e d  a  b a c k i n g  f i r e  would  
n o t  s u s t a i n  i t s e l f  a t  t h i s  m o i s t u r e  
c o n t e n t .  When t h e  s u r f a c e  l i t t e r  m o i s t u r e  
c o n t e n t  was l o w e r e d  t o  30-32 p e r c e n t ,  
h e a d i n g  f i r e  s p r e a d  r a t e  i n c r e a s e d  t o  
16-24  f e e t  p e r  m i n u t e  a n d  b a c k i n g  f i r e s  
would  p r o g r e s s  i n  a  c o n t i n u o u s  l i n e ,  S p o t  
f i r e s  i g n i t e d  i n  t h e  p a l m e t t o - g a l l b e r r y  
t y p e  o n  a  2 - c h a i n  s q u a r e  g r i d  a l s o  
r e s p o n d  d i f f e r e n t l y  t o  c h a n g e s  i n  l i t t e r  
m o i s t u r e  c o n t e n t .  When s u r f a c e  l i t t e r  
m o i s t u r e  c o n t e n t  was a p p r o x i m a t e l y  24 
p e r c e n t ,  t h e  mean t i m e  n e e d e d  t o  t r a v e l  
t o  i t s  downwind n e i g h b o r  was 1 3  m i n u t e s ,  
b u t  a t  a 30 p e r c e n t  m o i s t u r e  c o n t e n t  t h e  
t i m e  i n c r e a s e d  t o  20  m i n u t e s .  

T h e  p r e s c r i b e d  b u r n e r  s h o u l d  k e e p  i n  
mind t h a t  on d a y s  when d r y  a i r  moves i n t o  

I n  c l e a r c u t  l o g g e d  a r e a s  w h e r e  
d e b r i s  h a s  b e e n  e i t h e r  p i l e d  o r  a l l o w e d  
t o  r e m a i n  b r o a d c a s t  b e f o r e  b u r n i n g ,  t h e  
h e l i t o r c h  i s  i d e a l l y  s u i t e d  t o  d o  t h e  j o b .  
The g l o b s  o f  b u r n i n g  g e l l e d  g a s o l i n e  
r e l e a s e d  f rom t h e  t o r c h  a r e  l o n g - b u r n i n g  
and a d h e r e  w e l l  t o  a n y t h i n g  t h e y  t o u c h .  
The p e n e t r a t i o n  q u a l i t y  o f  t h i s  b u r n i n g  
f u e l  i s  e s p e c i a l l y  u s e f u l  when d r o p p e d  
i n t o  d e b r i s  t h a t  h a s  b e e n  p i l e d  f o r  i t  
b r i n g s  a b o u t  r a p i d  i g n i t i o n .  R a p i d  
i g n i t i o n  a l l o w s  f o r  r a p i d  b u r n o u t  o f  a n  
a r e a ,  and any  d e s i r e d  f i r i n g  p a t t e r n  c a n  
b e  u s e d  b e c a u s e  no p e r s o n n e l  n e e d  b e  
i n s i d e  t h e  f i r e  c o n t r o l  l i n e s .  

CONCLUSIONS 

T h e r e  i s  no  d o u b t ,  t h a t  t h e  u s e  o f  
a e r i a l  i g n i t i o n  c a n ,  i n  many i n s t a n c e s ,  b e  
a  p a n a c e a  t o  t h e  f o r e s t  l a n d o w n e r  who 
b u r n s  l a r g e  t r a c t s .  T h i s  i s  e s p e c i a l l y  
t r u e  i f  l o g g i n g  d e b r i s  i s  i n  n e e d  o f  
d i s ~ o s a l  b e f o r e  r e g e n e r a t i o n  c a n  t a k e  
p l a c e .  G e l l e d  g a s o l i n e  d i s p e n s e d  f r o m  a  
h e l i . t o r c h  i s  t h e  b e s t  s y s t e m  c o n c e i v e d  t o  
d a t e  f o r  t h e  i g n i t i o n  o f  l o g g i n g  d e b r i s .  

T h e r e  i s  some q u e s t i o n ,  h o w e v e r ,  
w h e t h e r  a e r i a l  i g n i t i o n  t e c h n i q u e s  s h o u l d  
e v e n  b e  u s e d  f o r  t h e  f i r s t  b u r n  i n  young  
p i n e  s t a n d s  o r  where  h e a v y  l i t t e r  a n d  f u e l  
c o n t i n u i t y  i n t o  t h e  o v e r s t o r y  i s  e v i d e n t .  
Very  h i g h  f i r e l i n e  i n t e n s i t y  b u i l d u p s  c a n  



o c c u r  u n d e r  t h e s e  c i r c u m s t a n c e s  i f  
e x t r e m e  c a r e  i s  n o t  u s e d  i n  s e l e c t i n g  
t h e  p r o p e r  b u r n i n g  c o n d i t i o n s .  The 
s a f e s t  a p s r o a c h  would  b e  t o  u s e  b a c k i n g  
f i r e  f o r  t h e  f i r s t  b u r n  and  a e r i a l  
i g n i t i o n  t h e r e a f t e r  on s 2 - t o  3 - y e a r  
b u r n i n g  c y c l e .  

A e r i a l  i g n i t i o n  would  n o t  o r d i n a r i l y  
b e  a p a n a c e a  t o  zhe s m a l l  f c r e s t  
l a n d o w n e r  b e c a u s e  s t a n d b y  a i r c r a f t  c o s t s  
c o u l d  n o t  be  a m o r t i z e d  o v e r  a l a r g e  a r e a ,  
t h u s  mak ing  p e r  a c r e  c o s t s  e x c e s s i v e .  
On ly  i f  S t a t e  F o r e s t r y  Commiss ions  
o f f e r e d  an  a e r i a l  i g n i t i o n  p r e s c r i b e d  
b u r n i n g  s e r v i c e  ( t h u s ,  e l i m i n a t i n g  s t a n d -  
by c o s t s ) ,  o r  b u r n i n g  c o u l d  be  done  i n  
c o n j u n c t i o n  w i t h  a n e i g h b o r i n g  l a r g e  
l a n d o w n e r  o p e r a t i o n ,  c o u l d  a s m a l l  l a n d -  
owner a f f o r d  t o  u s e  a e r i a l  i g n i t i o n  
t e c h n i q u e s .  
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Charles  E, ~ c ~ e d . ~  

Abstract.--Budbreak and l e a f  development w e r e  monitored 
on s e e d l i n g s  and s a p l i n g s  of n o r t h e r n  red  oak, whi te  oak, 
b lack  oak, p o s t  oak, s c a r l e t  oak, and c h e s t n u t  oak growing 
under f o r e s t  canopies  and Ln open c l e a r c u t s .  Oaks growing 
under canopies  c o n s i s t e n t l y  broke bud and i n i t i a t e d  l e a f  de- 
velopment e a r l i e r  than t h o s e  growing i n  c l e a r c u t s .  The ob- 
served phenolog ica l  p a t t e r n s  sugges t  t h a t  e a r l y  l e a f  develop- 
ment, p a r t i c u l a r l y  f o r  advance oak r e g e n e r a t i o n  r e c e n t l y  re-  
l e a s e d  by h a r v e s t ,  exposes s a p l i n g s  t o  adverse  weather  and 
may cause  r e g e n e r a t i o n  problems. 

Prob lems  w i t h  oak r e g e n e r a t i o n  a r e  widespread. 
F o l l o w i n g  h a r v e s t ,  oak s t a n d s  a r e  o f t e n  r e p l a c e d  by 
s t a n d s  c o n t a i n i n g  fewer oaks o r ,  o c c a s i o n a l l y ,  no 
oaks. W h i l e  oak r e g e n e r a t i o n  problems a r e  n o t  new, 
t h e  c u r r e n t  r e p o r t i n g  of  d i f f i c u l t i e s  a c r o s s  a wide 
a r r a y  o f  c o n d i t i o n s  and reg ions  b r i n g s  urgency t o  
s o l v i n g  r h e  problems. Unfor tuna te ly ,  t h e r e  seems 
t o  be no  immediate r e l i e f  i n  s i g h t .  S ince  t h e  re-  
por ted  d s f f i c u l t i e s  cover  a range  of oak s p e c i e s  
and site c o n d i t i o n s ,  i t  seems l i k e l y  t h a t  t h e r e  is 
no one c a u s e  and probably no common s o l u t i o n  t o  t h e  
problems - 

One source  of  r e g e n e r a t i o n  problems may be t h e  
p h e o n o l o g i c a l  h a b i t s  of oaks.  Prev ious  work h a s  
shown t h a t  p o t t e d  n o r t h e r n  r e d  oak and s c a r l e t  oak 
growing 5 n  t h e  shade w i l l  b reak  buds and i n i t i a t e  
l e a f  development  sooner  than t h o s e  growing i n  t h e  
open (McGee 1975). When t h e s e  p o t t e d  oaks a r e  re- 
moved from t h e  shade dur ing  t h e  dormant season ,  
they w i l l  s t i l l  begin growth e a r l i e r  than t h o s e  
grown c o n t i n u a l l y  i n  t h e  open. I t  made no d i f f e r -  
ence i f  p o t t e d  oaks were o u t p l a n t e d  i n  t h e  shade o r  
i n  t h e  open-- those t h a t  had been grown i n  t h e  shade 
began g r s w t h  ahead of t h o s e  t h a t  had been grown i n  
t h e  open (McGee 1876).  A y e a r  l a t e r ,  dur ing  t h e  
second grrowing season,  t h e  oaks  o u t p l a n t e d  under a 
canopy b e g a n  growth 17 days  ahead of t h o s e  

a /  Paper p resen ted  a t  Southern S i L v k u l t u r a l  
~ e s e & c h  Conf e r m c e  , Atlanta' ,  Georgia, November 
7-8, 1 9 8 4 .  

21 P r i n c i p a l  S i L v i c u l t u s l s t  , USDA, P o r e s t  - 
S e r v i c e ,  S i l v i c u l t u r e  Laboratory,  Sewaxee, Tennes- 
see, m i m t a i n e d  by t h e  Southern F o r e s t  Experiment 
S t a t i o n ,  i n  coopera t ion  w i t h  t h e  U n i v e r s i t y  o f  t he  
South. 

o u t p l a n t e d  i n  t he  open E v i d m t l y ,  t h e  annua l  in- 
i t i a t i o n  of growth i n  oaks is  c o n t r o l l e d  by t h e  
presence  o r  absence of a canopy t h e  p r e v i o u s  grow- 
i n g  season r a t h e r  than by t h e  c u r r e n t  c o n d i t i o n ,  
Seed l ings  t h a t  were r e l e a s e d  a f t e r  growing f o r  a 
y e a r  o r  more under a canopy began growth earlier 
than open-grown s e e d l i n g s  and w e r e  exposed t o  dam- 
age from c o l d  weather .  In t h e s e  studies, tempera- 
t u r e s  i n  t h e  open were found t o  be c o l d e r  and the 
l i k e l i h o o d  of f r o s t  s u b s t a n t i a l l y  g r e a t e r  than un- 
d e r  a canopy, 

The purpose of t h e  p r e s e n t  s tudy was t o  deter- 
mine i f  n a t u r a l l y  growing s e e d l i n g s  and s a p l i n g s  of 
s i x  s p e c i e s  of oaks had d i f f e r e n t  p a t t e r n s  of bud- 
break  and l e a f  development under canopies  o r  i n  the 
open. This  s t u d y  a l s o  documents t h e  e f f e c t  of rela- 
t i v e l y  smal l  d i f f e r e n c e s  i n  topographic p o s i t i o n  on 
t h e  t ime of budbreak. 

Four l o c a t i o n s  in  Frankl in  County, Tennessee, 
w i t h i n  two m i l e s  of each other,wwere selected for 
s tudy .  Each l o c a t i o n  included a clearcut area and 
an a d j a c e n t  mature hardwood fores"; P l a t e a u  I and 
P l a t e a u  II were l o c a t e d  on t h e  Cumberland Pla teau  
top a t  elevations of 1,950 fee t ,  and Cove I and Cove 
I1 were l o c a t e d  i n  s i d e h i l l  coves on t h e  Plateau 
escarpment a t  e l e v a t i o n s  s f  about 1,500 and 1,680 
f e e t .  

The c l e a r c u t s  ranged in age  f r o n ' 3  t o  7 years 
and conta ined  a wide v a r i e t y  of s p e c i e s ,  The adja- 
c e n t  hardwood f o r e s t s  con ta ined  70 t o  110 square 
f e e t  p e r  a c r e  b a s a l  area and provided a full canopy, 
Oak s p e c i e s  i n  the unders to ry  of t h e s e  f o r e s t s  varied 
by l o c a t l o -  



A s  many as 10 h e a l t h y  s e e d l i n g s  o r  s a p l i n g s  of 
each oak s p e c i e s  a v a i l a b l e  a t  each l o c a t i o n  under 
both canopy c o n d i t i o n s  were d e s c r i b e d ,  measured, 
and tagged.  P e r i o d i c  observa t ion  of t h e  budbreak 
and l e a f  development of sample s e e d l i n g s  and sap- 
l i n g s  began in  e a r l y  f i r c k .  A f t e r  %rch 15, obser-  
v a t i o n s  were made a t  Least t h r e e  t imes  a week. 

Observat ions made on each s a p l i n g  inc luded:  
I ,  Bate of bud e longa t ion .  
2, Date of f i r s t  budbreak. 
3. Date budbreak one-half completed. 
4 .  Date budbreak completed. 
5. Date l e a v e s  f i r s t  v i s i b l e .  
6 ,  Date l e a f  f i r s t  f u l l y  expanded. 

A11 o b s e r v a t i o n s  on budbreak and l e a f  development 
were made wi th  t h e  unaided eye.  Budbreak of oaks 
i s  easy t o  observe because breaking i s  c h a r a c t e r i z e d  
by t h e  appearance of g r e e n i s h  o r  r e d d i s h  m a t e r i a l  
between t h e  bud s c a l e s .  Exact de te rmina t ion  of t h e  
d a t e  of f i r s t  l e a f  appearance and l e a f  expansion is  
somewhat more s u b j e c t i v e ,  bu t  e r r o r s  i n  t h e s e  obser-  
v a t i o n s  a r e  thought t o  be smal l .  

The sample inc luded  64 w h i t e  oaks ,  35 n o r t h e r n  
red  oaks,  45 b lack  oaks ,  33 s c a r l e t  oaks,  34 ches t -  
n u t  oaks ,  and 22 pos t  oaks.  Of t h e  t o t a l ,  118 were 
i n  c l e a r c u t s  and 115 were under t h e  f o r e s t  canopies .  
White oak was t h e  on ly  oak o c c u r r i n g  i n  t h e  open 
and i n  t h e  shade a t  a l l  l o c a t i o n s .  Northern r e d  
oak occur red  on ly  i n  t h e  cove s i t e s ,  and s c a r l e t  oak 
and pos t  oak occurred on ly  i n  t h e  s i t e s  on t o p  of 
t h e  P l a t e a u .  

Host of t h e  observed oaks  were between 2 and 
5 f e e t  t a l l ,  bu t  a few growing i n  t h e  open exceeded 
5 f e e t ,  and a few i n  t h e  shade were less than  2 f e e t .  

RESULTS 

The presence  o r  absence of a canopy and topo- 
g r a p h i c  p o s i t i o n  were found t o  be important  f a c t o r s  
i n  t h e  i n i t i a t i o n  of s p r i n g  growth (Table 1, Pig.  1 ) .  
Shaded oaks began growth e a r l i e r  and developed f a s t -  
er than t h o s e  i n  t h e  open. S i m i l a r l y ,  oaks growing 
i n  t h e  two cove s i t e s  began growth e a r l i e r  than  
those  on t h e  two P l a t e a u  s i t e s .  

The f i r s t  observed budbreak was on a whi te  oak 
i n  t h e  shaded p o r t i o n  of Cove I1 on March 28, and 
t h e  l a s t  t o  show budbreak were a whi te  oak and a 
b lack  oak growing i n  t h e  open on P l a t e a u  1 on May 7.  
Thus t h e  budbreak per iod  covered 40 days. 

Average d a t e s  of budbreak were c a l c u l a t e d  from 
t h e  i n d i v i d u a l  d a t e s  of budbreak by s p e c i e s  and l o -  
c a t i o n  f o r  shade vs. open c o n d i t i o n s  (F ig .  I) . I n  
a l l  c a s e s  where a comparison was p o s s i b l e ,  t h e  av- 
e r a g e  d a t e  o f  budbreak f o r  shaded oaks preceded t h e  
average  d a t e  f o r  oaks i n  t h e  open, ranging from 16 
days f o r  w h i t e  oak i n  Cove I1 t o  4 days f o r  b lack  
oak i n  P l a t e a u  s i t e s  I and 11, A few t r e e s  con t ra -  
d i c t e d  t h e  t r e n d  when t h e  f i r s t  i n d i v i d u a l s  t o  break 
bud i n  t h e  open preceded t h e  l a s t  i n d i v i d u a l s  t o  
break them i n  t h e  shade (Table 1). The on ly  

a t e n s i v e  exarnple of n o n c o n f o m i t y  was i n  Cove I 
where one open-grom n o r t h e r n  r e d  oak preceded by 
5 days t h e  l a s t  n o r t h e m  r e d  oak t o  break bud i n  
t h e  shade.  

I n  t h e  shaded s i t e s  of Cove I and Cove 11, t h e  
l e a v e s  of c h e s t n u t ,  whi te ,  and n o r t h e r n  r e d  oaks  
f i r s t  appeared on A p r i l  15, 16,  and 18, r e s p e c t i v e -  
l y ,  and i n  the open on A p r i l  2 2 ,  24 ,  and 26, re -  
s p e c t i v e l y .  On t h e  two P l a t e a u  s i t e s ,  t h e  p a t t e r n  
of l e a f  emergence was about  t h e  same but  occur red  
8 t o  12 days l a t e r  than  i n  t h e  coves.  

A l i g h t ,  s c a t t e r e d ,  and very  l a t e  f r o s t  t h a t  
occur red  on b y  31 had a v i s i b l y  adverse  e f f e c t  on 
t h e  open-grom oaks on t h e  P l a t e a u  I si te.  Of t h e  
38 sample oaks  i n  t h i s  a r e a ,  18 were l i g h t l y  damag- 
ed and 7 were moderately damaged. Kone r e c e i v e d  
heavy f r o s t  damage, bu t  neighboring h ickory ,  bEack- 
gum, and sumac s a p l i n g s  were h e a v i l y  damaged. None 
of t h e  oaks o r  o t h e r  s p e c i e s  growing under t h e  near -  
by hardwood f o r e s t  were damaged. Usual ly,  p l a n t s  
t h a t  l e a f  o u t  t h e  e a r l i e s t  a r e  damaged most by f r o s t  
and c o l d  weather ,  bu t  i n  t h e  c a s e  of t h i s  v e r y  l a t e  
f r o s t ,  damage was g r e a t e s t  on those  p l a n t s  t h a t  
l e a f e d  o u t  l a s t  and had v e r y  young l e a v e s .  

DISCUSSION 

This  s tudy  prov ides  f u r t h e r  documentation t h a t  
shaded oak s e e d l i n g s  and s a p l i n g s  begin budbreak 
s u b s t a n t i a l l y  ahead of t h o s e  growing i n  t h e  open. 
Budbreak d a t a  a l s o  showed t h a t  oaks  growing i n  s i d e -  
h i l l  coves on t h e  Cumberland P l a t e a u  escarpment 
(Cove s i t e s  I and 11) began growth e a r l i e r  than 
t h o s e  on P l a t e a u  sites I and 11. The v a r i a b l e  p a t -  
t e r n  of budbreak and l e a f  i n i t i a t i o n  he lps  t o  ex- 
p l a i n  why some i n d i v i d u a l  oaks a s  w e l l  a s  o t h e r  
p l a n t s  a r e  sometimes damaged by weather ,  whi le  o th-  
e r s  growing nearby a r e  n o t .  Open-grown p l a n t s  a r e  
exposed t o  warmer daytime tempera tures  and c o l d e r  
n i g h t t i m e  tempera tures  than  shaded p l a n t s .  Open- 
grown p l a n t s  a r e  a l s o  more l i k e l y  t o  r e c e i v e  f r o s t  
than t h o s e  growing i n  an unders to ry .  F o r t u n a t e l y  
f o r  tree growers, open-grown oak s a p l i n g s  begin 
growth l a t e r  than shaded oaks,  normally a f t e r  tem- 
p e r a t u r e s  have increased  and danger  from f r o s t  h a s  
diminished.  However, i f  oaks t h a t  had been shaded 
by a canopy t h e  prev ious  g e a r  begin growth t h e  
growing season fo l lowing  canopy removal a s  though 
they  were s t i l l  i n  t h e  shade,  t h e r e  is  i n c r e a s e d  
l i k e l i h o o d  of weather  damage t o  new growth. The 
average d a t e s  of f i r s t  budbreak f o r  shaded oaks  
were e a r l i e r  than open-grown oaks by a s  much a s  
16 days. For example, shaded whi te  oak i n  Cove 11 
began growth on A p r i l  6 .  The average d a t e  of t h e  
l a s t  s p r i n g  f r e e z e  i s  A p r i l  9,  and 4 ou t  of 5 y e a r s  
t a p e r a t u r e s  a s  low a s  3 8 ' ~  occur  a f t e r  A p r i l  29.  
I f  t h e  canopy is  remove,d from t h e  oaks i n  Cove 11, 
and whi te  oak budbreak occurs  t h e  fo l lowing  y e a r  
about  A p r i l  6 ,  then  exposed and tender  buds w i l l  
be s u b j e c t e d  t o  a f r e e z e  1 i n  every  2 y e a r s  and t o  
temperatures  conducive t o  f r o s t  about  4 i n  every 
5 years .  



Table 1,--Range o f  da tes  o f  budbreak f o r  oak seed l ings  and s a p l i n g s  

Species Shade Open 
No, o f  Dates of No. o f  Dates of 
samples budbreak samples budbreak 

White oak (guercus a1 ba L . )  10 4/13-4123 10 4/27-5/7 
Black  oak (Q. v e l u t i n a  Lam.) 10 4/23-4/27 10 4/27-5/7 
Scar1 e t  oak(. cocc i  nea Muenchh.) 9 4120-4127 10 4/30-5/4 
Post  oak (& s t e l  1 a t a  Wangenh,) 2 4l18-4/23 8 4/30 

P l a t e a u  IX 

White oak 
B lack  oak 
S c a r l e t  oak 
Pos t  oak 
Chestnut oak (Q. p r i n u s  L.) 

White oak 
B lack  oak 
Chestnut oak 
Nor the rn  red  oak (9, r u b r a  L . )  

White oak 
B lack  oak 
Chestnut oak 
Nor the rn  red  oak 

10 4/18-4123 
10 4120-4125 
4 4/18-4125 
7 4/18-4/25 

None --- 
Cove I 

10 419-4116 
None --- 
10 415-4/13 
10 4/13-4123 

Cove II 

3 3128-4/11 
None --- 

10 415-4116 
10 4/11-4116 

WO - WHITE OAK 
8 0  - BLACK OAK 
SO - SCARLET OAK 
PO - POST OAK 

NRO - NORTHERN RED OAK 
CO - CHEST.NUT OAK 
@ - UNDER F U L L  CANOPY - IN OPEN CLEARCUTS 

LI I N R O  

6 7 8 13 10 11 12 13 14 15 16 17 18 19 20 2f 22 23 24 25 26 27 28 29 SO 1 2 
APRIL MAY 



These f i n d i n g s  s t r o n g l y  suggest t h a t  
phenological p a t t e r n s  are involved i n  the growth 
and development of oak r e g e n e r a t i o n  and may i n  
some cases be the p a r t i a l  cause of oak r e g e n e r a t i o n  
failure, Over the years, a number of s t u d i e s  of 
p r e c o m e r c i a l  t h i n n i n g  i n  oak s t ands  have reported 
failure of t h e  oaks t o  i n c r e a s e  i n  height i m e d i a t e -  
l y  following release, The effect of shade and 
shade removal on the  t i d n g  of budbreak may have 
played a r o l e  i n  t h e  lack of height growth i n  re -  
leased trees, Obviousiy, more s tudy  i s  needed t o  
f u l l y  e v a l u a t e  t h e  t h e o r i e s  and conc lus ions  o f f e r -  
ed i n  this paper, 
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RESPONSE OF SLASH PINES TO GRAZING FROM REGENERATIOK 

1 / TO TKE FIRST PULPWOOD mINNIN6- 

z/ 
N. E. Grelen,  R. A .  Pearson, and R. E .  Th i i l -  

Abstract . - -Survival  and growth of p lan ted  and 
seeded s l a s h  p ine  (Pinus e 5 l i o d t i i  Engelm.) on grazed 
f o r e s t  range was compared wi th  t h a t  of t r e e s  i n  
ungrazed fenced exc losures .  Measurements a t  age 18 
i n d i c a t e d  t h a t  h e i g h t  of p lan ted  t r e e s  was no t  a f f e c t e d  
by graz ing ,  bu t  h e a v i l y  grazed p l o t s  had fewer 
t r e e s l a c r e  wi th  l a r g e r  d.b.h. than t h e  ungrazed. 
Consequently,  d i f f e r e n c e s  i n  volume were no t  s i g n i f i -  
c a n t .  Seeded t r e e s  showed no s i g n i f i c a n t  e f f e c t s  of 
g r a z i n g  . 

INTRODUCTION METBODS 

M f l l i o n s  of a c r e s  i n  t h e  South had remained 
e s s e n t i a l l y  t r e e l e s s  fo l lowing  c l e a r c u t t i n g  of 
o ld-growth longleaf  p ine  (Pinus pazustris M i l l .  ) 
d u r i n g  t h e  e a r l y  1900's .  Annual burning k e p t  
up land  hardwoods i n  check, f a v o r i n g  t h e  growth of 
g r a s s e s  and o t h e r  f o r a g e  p l a n t s .  Much of t h e  
c u t o v e r  land was abandoned by t h e  t imber  com- 
p a n i e s .  and open-range g r a z i n g  became a way of 
l i f e .  L a t e r  a t t e m p t s  by companies t o  r e s t o r e  
p i n e s  t o  t h e s e  lands f a i l e d  because of the  f r e -  
quent  f i r e s .  

A f t e r  World War I T ,  t h e  booming postwar econ- 
omy d e m n d e d  more lumber from southern  p ine  lands ,  
and f o r e s t  management--including f i r e  prevention-- 
became more i n t e n s i v e .  As p i n e s  regained domi- 
nance,  fo rage  produc t ion  d e c l i n e d  and ca t t l emen 
r e a l i z e d  t h a t  they must f i t  t h e i r  o p e r a t i o n s  i n t o  
t i m b e r  mnagement . 

T o  h e l p  provide g u i d e l i n e s  f o r  t h i s  new e r a  
i n  s o u t h e r n  f o r e s t  g raz ing ,  a s tudy  was begun i n  
1960 on cutover  land i n  Louis iana  t o  e v a l u a t e  t h e  
long- te rm r e c i p r o c a l  e f f e c t s  of managed year long  
g r a z i n g  and s l a s h  p i n e  r e g e n e r a t i o n .  The study 
was r e c e n t l y  concluded wi th  t h e  f i r s t  pulpwood 
t h i n n i n g  a t  s t a n d  age 18. S u r v i v a l  and h e i g h t s  a t  
a g e  5 were  r e p o r t e d  by Pearson and o t h e r s  (1971) a 

Study Area 

The s tudy  was on t h e  P a l u s t r i s  Exper imenta l  
F o r e s t  i n  c e n t r a l  Louis iana .  Annual p r e c i p i t a t i o n  
averages 58 inches ,  and most of the  s o i l s  a r e  
deep, medium t e x t u r e d ,  and moderately permeable. 
Topography v a r i e s  from f l a t  t o  r o l l i n g ,  w i t h  
s l o p e s  of up t o  10 percen t .  

When t h e  s tudy  began i n  1960, t r e e s  were 
mainly s c a t t e r e d  p i n e s  (Pinus spp.) and oaks 
(Quereus  spp. ) . Slender  bluestem (~ehixachyrium 
tenermm Nees), and p i n e h i l l  bluestem (S*  scopn;&urn 
v a r  . divergens (Hack. )) Gould , were t h e  dominant 
herbaceous p l a n t  s p e c i e s .  C a t t l e  had grazed t h e  
c lea r -cu t  s tudy a r e a  f o r  many years ,  and f r e q u e n t  
f i r e s  had m i n t a i n e d  a p r a i r i e l i k e  landscape.  In 
1960, two range u n i t s  averag ing  approximately 600 
a c r e s  each were s tocked w i t h  Brahman-crossbred 
range c a t t l e  a t  26 and 13 a c r e s  per  cow to a t t a i n  
l i g h t  and heavy forage  u t i l i z a t i o n . /  Forage pro- 
duc t ion  averaged about  2,000 l b / a c r e  f o r  t h e  f i r s t  
8 y e a r s ,  bu t  began t o  d e c l i n e  i n  year  9 a s  the 
p ine  canopy closed.  During t h e  f i r s t  10 y e a r s  of 
t h e  s tudy ,  s t o c k i n g  rates were c o n s t a n t  and u t i l l -  
z a t i o n  averaged 35 percen t  i n  t h e  l i g h t l y  grazed 
u n i t  and 57 percen t  i n  t h e  h e a v i l y  grazed u n i t  
(Pearson and m i t a k e r  19741 ,  By t r e e  age 1 5 ,  
f o r a g e  product ion averaged about  500 pounds/acre* 

Li Paper p resen ted  a t  t h e  Thi rd  B i e n n i a l  
S o u t h e r n  S i l v i c u l t u r a l  Research Conference, 
A t l a n t a ,  Georgia, November 7 -8 ,  1984. 
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:/ A t h i r d  range u n i t  s to&ed t o  p rov ide  
moderate u t i l i z a t i o n  was included,  but t h e  u n i t  
was thinned before  f i n a l  measurements were w d e .  
A l l  t h r e e  u n i t s  were ine luded  i n  comparisons mde 
a t  age 5 (Pearsoa and o t h e r s  1971). 



Beginning i n  year  11, and cont inu ing  through y e a r  
1 5 ,  c a t t l e  nurabers were decreased about LO per- 
c e n t  each year  t o  m i n t a i n  t h e  d e s i r e d  u t i l i z a -  
t i o n  i n t e n s i t i e s .  

S l a s h  P ine  Regenerat ion 

I n  e a r l y  1960, 25 percen t  of each range u n i t  
was burned i n  p r e p a r a t i o n  f o r  regenera t ion .  These 
burned a r e a s  were regenera ted  i n  1961, hso- th i rds  
by p l a n t i n g  and one- th i rd  by seeding.  This  burn- 
Fng and delayed r e g e n e r a t i o n  were repea ted  through 
1964, when pine r e g e n e r a t i o n  was completed. The 
f r e s h  burns a t t r a c t e d  c a t t l e ,  keeping them away 
from r e c e n t l y  p lan ted  and seeded p ines .  This  
reduced damage t o  new p ine  s e e d l i n g s  whi le  remov- 
i n g  t h e  herbaceous rough from t h e  next  y e a r ' s  
r e g e n e r a t i o n  a r e a s .  

On p l a n t e d  a r e a s ,  l-year-old nurse ry  s t o c k  
s e e d l i n g s  were p lan ted  6 f e e t  a p a r t  i n  & f o o t  rows 
(9081acre) .  For seed ing ,  1 poundfacre of 
r e p e l l e n t - c o a t e d  seed was sown w i t h  cyclone-type 
s e e d e r s  . 

A f t e r  the  f i n a l  p l a n t i n g  and seeding i n  
1964, burning was d i scont inued  u n t i l  1966. From 
1966 through 1969, each regenera ted  a r e a  was care- 
f u l l y  burned us ing  l a t e - w i n t e r  b a c k f i r e s ,  wi th  
p l a n t e d  p i n e s  being burned i n i t i a l l y  a t  age 5 and 
seeded s t a n d s  a t  age 6. I n  1970, each range u n i t  
was d iv ided  i n t o  t h r e e  unfenced burning compart- 
ments and burned dur ing  l a t e  win te r  on a 3-year 
r o t a t i o n  throughout  t h e  remainder of t h e  s tudy .  

P i n e  Stand Measurements 

Immediately a f t e r  t h e  p ines  were seeded and 
p l a n t e d ,  0.1-acre p l o t s  were randomly e s t a b l i s h e d  
and fenced t o  determine s e e d l i n g  s u r v i v a l  and 
growth without  g raz ing .  Three of t h e  e x c l o s u r e s  
were l o c a t e d  i n  t h e  p lan ted  a r e a  and two i n  t h e  
seeded a r e a  of each range u n i t .  Each exc losure  
was p a i r e d  wi th  a 0.1-acre p l o t  open t o  g raz ing .  
Thus, f i v e  p a i r s  of p l o t s  were e s t a b l i s h e d  on each 
range  u n i t  i n  each of 4 years--a t o t a l  of 20 p a i r s  
i n  each u n i t .  

P i n e  s u r v i v a l  was f i r s t  t a l l i e d  i n  Hay 
f o l l o w i n g  p l a n t i n g  o r  seed ing ,  then i n  October  of 
t h e  same y e a r ,  and a g a i n  a t  t h e  end of t h e  second 
and f i f t h  growing seasons.  On p lan ted  p l o t s ,  a 
LOO-percent inven tory  was made; on seeded p l o t s ,  
p i n e s  were counted on 18 m i l a c r e  quadra t s  on each 
p l o t  u n t i l  t h e  f i f t h  growing season,  when t r e e s  
p e r  a c r e  and h e i g h t s  were measured i n  a 
100-percent inven tory  on a l l  p l o t s .  

F i n a l  masurements  of t r e e s  per  a c r e ,  
h e i g h t s ,  and d.b.h. were made p r i o r  t o  th inn ing ,  
when p l o t  t r e e  ages ranged from 16 t o  22 y e a r s ,  
w i t h  an  average of 18 years .  The 7-year span i n  
p r e t h i n n i n g  measurements r e s u l t e d  from d e l a y s  i n  
t h e  h a r v e s t i n g  schedule.  A l l  prethinning-  
measurement t r e e  ages a r e  noted a s  18 years .  

Diameters were measured on a l l  t r e e s  of each p l o t ,  
and a c t u a l  h e i g h t s  were determined f o r  a represen-  
t a t i v e  number of t r e e s  w i t h i n  each diameter c l a s s ;  
h e i g h t s  of the  remainder were then es t imated  by 
r e g r e s s i o n .  Fronr t r e e s  per  a c r e ,  he igh t ,  and 
d.b.h. measureolents, an express ion  of t o t a l  stem 
volume~1 was computed f o r  f i n a l  colnparisons of 
g r a z i n g  e f f e c t s  . 

D i f f e r e n c e s  i n  t r e e s  per  a c r e ,  m o r t a l i t y ,  
h e i g h t s ,  d. b. h. , and volume between grazed and 
ungrazed p l o t s  of t h e  l i g h t l y  and heav i ly  grazed 
p a s t u r e s  were compared u s i n g  a paired-plot  "t" 
t e s t  a t  t h e  0.05 l e v e l  of s i g n i f i c a n c e .  

RESULTS AND DISCUSSION 

S l a s h  p i n e  s u r v i v a l  

At t h e  f i r s t  measurement, 4 months a f t e r  
p l a n t i n g ,  s i g n i f i c a n t l y  fewer ~ l a n t e d  t r e e s  had 
survived on heav i ly  grazed p l o t s  compared t o  
p a i r e d  ungrazed e x c l o s u r e s .  Surv iva l  averaged 73 
percen t  on heav i ly  grazed p lan ted  p l o t s  and 84 
p e r c e n t  on ungrazed p l o t s  (Table 1 ) .  However, 
s u r v i v a l  on h e a v i l y  grazed p lan ted  p l o t s  between 
May and October of t h e  f i r s t  year  was not s i g n i f i -  
c a n t l y  d i f f e r e n t  from t h a t  on ungrazed p l o t s ,  nor  
were t h e  d i f f e r e n c e s  s i g n i f i c a n t  f o r  the  i n t e r v a l s  
between subsequent measurements. Surv iva l  on 
l i g h t l y  grazed p lan ted  p l o t s  was not s i g n i f i c a n t l y  
d i f f e r e n t  from t h a t  on ungrazed p l o t s  a t  any time. 

I n i t i a l  d e n s i t i e s  on seeded p l o t s  averaged 
over  900 t r e e s f a c r e  on both grazed and ungrazed 
p l o t s  of both range u n i t s .  At no time dur ing  t h e  
s tudy  did grazed and ungrazed seeded p l o t s  d i f f e r  
s i g n i f i c a n t l y  i n  any measurement. Seeded grazed  
p l o t s  averaged 631 t r e e s l a c r e  and ungrazed p l o t s  
averaged 676 t r e e s l a c r e  a t  t h e  p re th inn ing  
measurement. I n  6 of t h e  15 seeded p l o t - p a i r s ,  
t h e  grazed p l o t  a c t u a l l y  exceeded t h e  ungrazed i n  
t r e e s  per  ac re .  

Tree  h e i g h t s  

P lan ted  p ines  averaged 3.5 f t  t a l l e r  than  
seeded p ines  a t  age 5 and 3 .0  f t  t a l l e r  a t  age  18 
( F i g  1 Thus, h e i g h t  growth of seeded t r e e s  
between ages 5 and 18 was e s s e n t i a l l y  equa l  t o  
t h a t  of p lan ted  t r e e s ,  both averaging about 37 
f e e t  f o r  t h e  13 years .  D i f f e r e n c e s  between 
l i g h t l y  o r  h e a v i l y  grazed p l o t s  and ungrazed 
p l o t s ,  e i t h e r  seeded o r  p lan ted ,  were not s i g n i f  i- 
c a n t  a t  age 5 o r  a t  age 18. 

T o t a l  stem volume is an e s t i m a t e  of t h e  cubic-  
f o o t  volume of stems from 6 inches  above ground t o  
t h e  t i p ,  o u t s i d e  bark; model from unpublished 
d a t a  of R. E. Lohrey, Southern F o r e s t  Experiment 
S t a t i o n ,  P i n e v i l l e ,  LA. 71360 



I /  
Table 1.--Survival of p lan ted  s l a s h  pine under l i g h t  and heavy g r a z i n g  

Tree age 
Pa i red  p l o t s  Pa i red  p l o t s  

Ungrazed L igh t l y  graze Ungrazed Heavi ly  graze 

----- - - - ~ r e e s / a c r e  (% s u r v i v a l  i n  parentheses)--------- 

A t  p l an t i ng  (l-year-old 908 908 908 908 
nu r se ry  s tock)  

4 months 

1 year  741 (90) 714 (88) 711 (93) 615 (93) 

2 yea r s  725 (98) 653 (91) 691 (97) 565 (92) 

5 yea r s  697 (96) 618 (95) 683 (99) 559 (99) 

31 1 8  years- 464 (67) 459 (74) 427 (63) 325 (58) 

Ove ra l l  s u r v i v a l  (51) (51) (47 (36) 

11 Percent  s u r v i v a l  ( i n  paren theses)  i s  based on l i v e  t r e e s  a t  t h e  prev ious  measure- 

21 ment* - Surv iva l  on heav i l y  grazed p l o t s  was s i g n i f i c a n t l y  lower (P >0.05) than  on pa i red  
ungrazed p l o t s .  

2' Tree ages a t  f i n a l  measurement ranged from 16 t o  22 years  and averaged 18 y e a r s  

AGE 
PhAN 

AGE GROWTH 

Figure  l .--Heights of s l a s h  p ines  a t  ages 5 and 18,  and age-5 t o  -18 he igh t  growth. 

525 



Diameter and volume 

Meavily grazed plan ted  p l o t s  had s i g n i f  i- 
c a n t l y  fewer t r e e s  per  a c r e  than ungrazed p l o t s  a t  
t h e  f i n a l  measurement, bu t  t h e  t r e e s  t h a t  surv ived  
on  these grazed p l o t s  were s i g n i f i c a n t l y  l a r g e r  i n  
d iameter  than trees on ungrazed p l o t s  (Table 2 ) .  
A s  cornonly occurs  fo l lowing  p r e c o m e r c i a l  
t h i n n i n g  (Bennet t  and Joneq 19831, the larger 
d iameters  a p p a r e n t l y  c o v e n s a t e d  f o r  t h e  Loss of 
t r e e s .  D i f f e r e n c e s  i n  volume were not  s i g n i f i c a n t  
(Table 2 ) .  

Heavy graz ing  s i g n i f i c a n t l y  reduced the den- 
s i t y  of p lan ted  s e e d l i n g s  by May of t h e  f i r s t  year  
fo l lowing  r e g e n e r a t i o n ,  However, subsequent mor- 
t a l i t y  on grazed u n i t s  was no t  s i g n i f i c a n t l y  d i f -  
f e r e n t  from t h a t  on ungrazed u n i t s .  

age 18 than t h e i r  m t c h i n g  ungrazed p l o t s .  Some 
o f  t h i s  v a r i a t i o n  was probably due t o  h o t t e r  f i r e s  
i n  t h e  heavier herbaceous f u e l  aceurnuLations 
w i t h i n  the  exc losures .  

By age 5 ,  average t r e e  d e n s i t i e s  on h e a v i l y  
grazed p lan ted  p l o t s  exceeded 500 t r e e s f a c r e ,  w e l l  
above t h e  n i n i m m  s t o c k i n g  f o r  s l a s h  pine s t a n d s  
scheduled for  sawtimber r o t a t i o n s  (Bennett 1969) .  
The lack  of a s i g n i f i c a n t  d i f f e r e a c e  i n  volume 
between h e a v i l y  grazed and ungrazed p l o t s  a t  age 
18, accoolpanied by s i g n i f i c a n t l y  l a r g e r  d i a a e t e r s  
on grazed p l o t s ,  i n d i c a t e s  t h a t  f a s t e r  growth of 
t h e  s u r v i v i n g  t r e e s  compensated f o r  t h e  t r e e s  i n i -  
t i a l l y  l o s t  t o  heavy graz ing .  

Although t h e  average he igh t  of seeded t r e e s  
was about 3 f e e t  Less than p lan ted  t r e e s ,  a c t u a l  
he igh t  growth was about  t h e  same. Likewise, t o t a l  
volume was s i m i l a r  f o r  seeded and planted p l o t s  
even though a g r e a t e r  number of stems occurred on 
seeded p l o t s  . 

More than one- th i rd  of t h e  h e a v i l y  grazed 
seeded p l o t s  con ta ined  h igher  t r e e  d e n s i t i e s  a t  

Table  2.--Measurements on p a i r e d  grazed and ungrazed p l o t s  i n  p l a n t e d  and 
seeded s l a s h  p ine  a t  age 18 1 1  

Treatntent Dens i ty  Height D.b.h. Volume 

t r e e s / a c r e  f e e t  i n c h e s  f  t 3 / a c r e  
P l a n t e d  

Ungrazed 464 47.0 6.4 2917 

L i g h t l y  g r a z e  459 45.7 6.2 2900 

Ungrazed 427*- 2 1 47.5 6.7* 2718 

Heavily g raze  

Average 

Seeded 

Engrazed 567 43.6 5.7 2189 

L i g h t l y  graze 580 42.9 5.5 2492 

Ungrazed 786 45.3 5 * 5 3382 

Heavily g r a z e  682 44 ,I 5 h  2951 

Average 654 44,Q 5 .5  2754 

s i g n i f i c a n t  a t  t h e  0-85  l e v e l ,  
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EMVf RONMENTAL EFFECTS OF S f  LVICULTURE IN  PINE FLATWOODS 

H. R i  EKERK and L. V.  KORHNAK -1/ 

Abstract .  A  se r i es  of watersheds and p l o t s  were 
es tab l i shed t o  evaluate t he  environmental e f f ec t s  o f  a  range o f  
s i l v i c u l t u r a l  p rac t i ces  i n  t he  Lower Coastal P l a i n  o f  F lo r ida .  
The r e s u l t s  showed s i g n i f i c a n t ,  bu t  sho r t  term, changes i n  
stormflow, water y i e l d ,  and water q u a l i t y  even a f t e r  h i g h l y  
i n tens i ve  harves t ing  and s i t e  preparat ion.  Soi 1  moisture i n  
h igh-dens i ty  fuelwood p lan ta t i ons  was reduced some because o f  
r a i n f a l l  i n te r cep t i on .  Suspended sediments, pH, and c a t i o n  
l e v e l s  increased i n  assoc ia t ion  w i t h  stormflow. N u t r i e n t  losses 
were p ropo r t i ona l  t o  harves t ing  i n t e n s i t y  suggesting longterm 
s i t e  degradation. S o i l  amendment w i t h  coal-ash, fo r  fuelwood 
product ion  neu t ra l  i zed  the  normal l y  a c i d  so i  1  and runoff. 

Management o f  t he  southeastern p ine  fo res t  
i s  r a p i d l y  developing toward t h e  i n t e n s i t y  o f  
a g r i c u l t u r a l  land use. Harvest ing o f  r e l a t i v e l y  
young p lan ta t i ons  f o r  pulpwood and f o r  fuelwood 
chips has increased the  n u t r i e n t  d r a i n  from 
fo res t  lands (Neary e l  al., 1984). S i t e  prepara- 
t i o n  i s  i n tens i ve  and inc ludes the  removal o r  
burning of slash, d i sk ing  o r  bedding of surface 
s o i l ,  f e r t i l i z e r  and he rb i c i de  use, and r e l a -  
t i v e l y  c l ose  spacing of g e n e t i c a l l y  improved 
seed1 ings. U t i  1  i z a t i o n  of waste ma te r i a l  s  t o  
supplement f e r t i  1  i z e r s  f o r  s o i  1  amendment i s  
becoming an a t t r a c t i v e  a l t e r n a t i v e  t o  waste 
d isposal  (Sopper e t  al., 11982). A1 1  of these 
operat ions have s i g n i  f i c a n t  environmental 
e f f ec t s  on t h e  water regime, water q u a l i t y ,  and 
n u t r i e n t  balance of a  f o res ted  t r a c t .  

L i t t l e  q u a n t i t a t i v e  informat ion about t he  
environmental e f f ec t s  o f  these i n tens i ve  s i l v i -  
c u l t u r a l  p rac t i ces  i s  a v a i l a b l e  f o r  t he  poor ly -  
dra ined landscape of the  Lower Coastal Pla in.  
Concern about t h e  l a c k  of such data resu l t ed  i n  

2/paper presented a t  Southern S i  1  v i  c u l  t u r a l  
Research Conference, A t l an ta  , Georgia, November 
7-8, $984. 

- Associate Professor and Forester  111, 
respec t i ve l y ,  School of Forest  Resources and 
Conservation, U n i v e r s i t y  o f  F lo r i da ,  Gai nesvi  1  l e  , 
FL. 

a  cooperat ive and d i  s c i p l  ine- in tegra ted  study a t  
the  U n i v e r s i t y  o f  F l o r i d a  t h a t  began i n  1976 
(Swindel e t  a],, 1983). This study i n  combina- 
t i o n  w i t h  o ther  research focused on t he  environ-  
mental e f f e c t s  o f  s i  l v i c u l  t u r a l  p rac t i ces  was 
described i n  t he  f i r s t  B ienn ia l  Southern S i l v i -  
c u l t u r a l  Research Conference (Riekerk e t  a?.  , 
1984). The present  paper updates the  research 
in fo rmat ion  from these combined s tud ies  through 
1983. 

PROCEDURES 

The focus of t he  research e f f o r t  was a  s e t  
of f i v e  watersheds constructed i n  the  p ine  
f latwoods o f  nor th -cent ra l  F lo r i da  (Riekerk e t  
a l . ,  1982). The watersheds were i s o l a t e d  by 
roads and d i tches  and were instrumented w i t h  
record ing  flumes, water t a b l e  recorders, and a  
weather s t a t i o n  and raingauge network. Rain was 
sampled by a  wet fdry f a l l  c o l l e c t o r  and analyzed 
by t he  Nat ional  Atmospheric Deposi t ion Program 
(NADP). Runoff was au tomat ica l l y  sampled every 
f ou r  hours f o r  weekly c o l l e c t i o n ,  and analyzed by 
standard l abo ra to ry  procedures a t  the  U n i v e r s i t y  
of F l o r i d a  (Riekerk e t  a l . ,  1979). S o i l  and 
vegeta t ion  mapping, sampling, and ana lys is  were 
performed by o ther  researchers of t he  i n t e r d i s c i p -  
l i n a r y  team (Swindel e t  a l e ,  1982; Mor r is  and 
P r i  t c h e t t ,  1982). 

The watersheds were harvested, s i t e  pre-  
pared, and p lan ted  a f t e r  one year  o f  p re - t r ea t -  
ment c a l i b r a t i o n  according t o  t he  f o l l o w i n g  
research desiqn, One watershed, conta in ins  a  65 
ha cypress ( f i xod ium distichurn). pond (WS 3, 140 
ha), remained as an undisturbed con t ro l .  One 



Table I. Bradford Forest  Watershed p r e c i p i t a t i o n  and runof f  

1979 126.2 5,4 10,7 20.6 
predicted'  --- --- 4.3 5.0 
% Change --- --- 149 312 

1980 126.1 19.3 16.7 17.5 
predicted1 --- --- 19.1 20.6 
$ Change - -- - - - -13 -15 

1981 86.6 0.1 0.9 3.1 1.4 0.6 
predicted1 --- --- 0 0 --- --- 
% Change --- --- - - - - - - --- --- 
1982 183.6 19.2 13,4 8.7 18.7 14.3 
predicted1 --- --- 18.3 20.2 --- - - - 
% Change --- --- -27 -57 --- - - - 
1983 163.6 45.3 34.7 55.4 35.7 25.0 
predicted1 --- --- 47.1 50.1 --- --- 
% Change --- --. -26 1 1 --- --- 

l p r e d i c t e d  from pre-treatment c a l  i b r a t i o n  regressions w i t h  t he  cont ro l .  

s tudy d e  scr ibed above. The groundwater seepage 
ra tes  o f  Table 2 were ca l cu la ted  f o r  watersheds 
WS 4 a n d  WS 5 since, l ack ing  pond storage, they 
bes t  approximated the  cond i t ions  of t he  lys imeter ,  
The average recharge r a t e  thus ca l cu la ted  was 
about 18% o f  incoming p r e c i p i t a t i o n .  The h igher  
values f o u n d  f o r  1982 may r e f l e c t  s o i l  moisture 
recharge a f t e r  t he  drought period. The average 
recharge r a t e  was much more than the  3% c a l -  
cu la ted  e a r l i e r  f o r  t he  l a rge  watersheds (WS l, 
WS 2 a n d  WS 3)  based on analyses o f  hyd rau l i c  
g r a d i e n t s  across t he  under ly ing  c l a y  l a y e r  
(R iekerk  e t  al. ,  1979). 

Table 2. Water balances f o r  WS 4 and WS 5 ,  

High-densi t y  fuelwood p lan ta t i ons  reach 
crown c losure  sooner than standard pulpwood p lan-  
t a t i o n s  o f  t he  same age, and may i n t e r c e p t  more 
r a i n f a l l .  However, t he  data from the  p l o t  s tud ies  
o f  several  t r e e  species throughout F l o r i d a  d i d  n o t  
c l e a r l y  show d i f f e r e n t  moisture regimes due t o  t he  
p l a n t t i n g  dens i t y  a t  e a r l y  stages o f  growth (Table 
3). Soi 1 moisture under t he  very  h igh dens i t y  p lan-  
tat ionsiwas less  i n  the  subso i l  o f  a l l  p l o t s  b u t  
on l v  s i a n i f i c a n t l v  so f o r  s lash  p ine  i n  no r th -  
c e h r a l  " f l o r i d a  i d  Eucal t us  g rand i s  i n  south- 
west F lo r ida .  The *moisture p o t e n t i a l  
measured i n  f o l i a g e  o f  t he  very h igh  dens i t y  p lan-  
t a t i o n  o f  s lash  p ine  dur ing  t he  summer o f  1981 
a l so  showed s i g n i f i c a n t l y  more s t ress  a t  -0.21 mPa 
as com~ared t o  -0,15 mPa i n  f o l i a g e  o f  t h e  ad- 
jacen t ' v im ina l i s .  The mois tu re  s t ress  
o f  bo th  species was s i g n i f i c a n t l y  l e s s  i n  t h e  
lower dens i ty  ~ l a n t a t i o n s  a t  -0.15 mPa f o r  s lash  
p ine  and -b.io mPa f o r  v im ina l  i s  

Rain Run Evap Ground GW (Hendrickson, 1983). Rainf L i on  by t he  
f a l l  o f f  t r ans  water two hiah-densi ty  s lash  ~ i n e  canopies d i d  n o t  
----em-w- cm/yr----------- % d i f f e r  "and averaged 38% 'o f  r a i n f a l l  du r i ng  t h e  

1981 WS 4 90 1 - 4  77 11.6 13 s u m e r  o f  1983 wh i l e  t h a t  o f  a nearby 17-year o l d  
WS 5 90 0,6 77 12.4 14 pulpwood p l a n t a t i o n  was about 15% (unpublished 

1982 WS 4 184 18,7 111 54.3 30 data). I n te r cep t i on  by t he  dense f o l i a g e  of t h e  
WS 5 184 14.3 111 58.7 32 nearby Casuarina p l a n t a t i o n  on ash-t reated s o i l  

1983 WS 4 162 35.7 118 8.3 5 was 34% of r a i n f a l l .  
WS 5 162 25.0 118 19.0 12 



W S  I . , . . . .  W S  2 - 
watershed with a shallow 27 ha cypress pond (WS 

w s  3 

1, 67 h a )  was harvested for pulpwood and s i te  
prepared with l i t t l e  disturbance, and one water- (%a 1 
shed with two small 6 ha cypress ponds (WS 2, 49 + 
ha) was harvested for pulpwood and s i te  prepared E: 
with high disturbance. Two years later a new, 0 
smaller watershed (WS 4, 3.8 h a )  was harvested o, 1 
for whole-tree utilizatl'on and s i t e  prepared FI, 

with 1 i t t l e  disturbance, and another watershed 2 
(WS 5, 4.2 ha) was harvested for total-tree 0 

utilization (including stumps) and s i te  prepared , 
with high disturbance (Riekerk and Gain, 19821, m 

were planted t o  slash pine (Pinus :: 
except for MS 5,  which was plant- 
viminalis. The treatment effects on 
e been evaluated comparing annual a, ,- . _,- - _ _, 

regressions of runoff data from paired water- 2 
sheds (Swindel and Douglass, 1984). Unfortu- 
nately, simi lar regressions for the water qua1 i ty 
d a t a  showed very poor correlations and annual 2 t-tests of paired data sets were used instead, 

Additional studies were focused on 10x10 m 
plots to evaluate the environmental effects of 
high-density fuelwood plantations and of waste 
recycl ing. Sand pi 
west, slash pine 
north-central , and 
west Florida wer 
(1.0x1.5 m )  and very high density (1.0~0.5 m) Figure 1. Groundwater table fluctuations. 
plots to evaluate water regimes (Wendrickson, 
1983). A small watershed (WS 7,  0.28 ha) in 
north-central Florida was treated with 127 Mg/ha 
of unweathered coal -ash and planted to Austral ian 

ha)  with respect t o  growth response a n d  runoff 
water quality (Riekerk and Korhnak, 19849, A 
3.0 m diameter and 1.2 m deep weighing lysimeter 
was constructed in a young slash pine plantation 
next to a weather station in north-central 
Flocida to measure the ratio of actual evapo- 
transpiration to potential evapotranspiration 
during stand development (Riekerk , 1984). 

RESULTS and DISCUSSION 

Water regimes 

The effects of silvicuttural practices on 
the water regimes of the three large watersheds 
(US 3 ,  WS 2 ,  WS 3) depended on the severity of 
the silvicultural treatments, Pulpwood harvest 
of the forest stand resulted imediately i n  a 
significant rise of the water table, even without 
much rainfall during the fa71 season (Figure 3.1, 
The treatment effect was due t o  the removal of 
transpiring and intercepting tree canopies and 
was more pronounced when water tables were low, 

Increased soil moisture and rising wate r  
tables caused excess water to run o f f  in pro- 
portion ts harvesting intensity (Table 11, The 

low disturbance pulpwood treatment (WS 1) had 59% 
of the forest cover removed (excluding the cypress 
pond), which increased runoff Q.ll cm for each 
percent of forest cover removed. The high 
disturbance pulpwood treatment (US 2 )  had 74% of 
the forest removed and showed a runoff increase 
of 0.21 cm for each percent of forest cover 
removed, These increases were similar to those 
reported for south-facing upland hardwood forests 
in the eastern United States, b u t  did n o t  last as 
long (Douglass, 1983). The ground vegetation 
recovered very rapidly, *especially when distur- 
bance was minimal, and quickly established normal 
evapotranspiration. Analyses of stormf l ow and 
peakflow data after these treatments suggested 
that windrowing on the highly disturbed watershed 
faci f itated more rapid surface runoff (Neary e t  
1 1982). The treatment effects on water 
yield and stormflow from the smaller watersheds 
(WS 4 and WS 5) were not evaluated because the 
drought produced poor pre--treatment calibration 
d a t a  and caused the plantations t o  f a i  1. 

The groundwater recharge rate i n  these pine 
flatwoods, underlain by a discontinuous clay 
layer, was estimated by difference From the water 
balance equation: 
Rainfa l 1 = Runoff + Evapotranspiration + Seepage, 
Rainfall and runoff were measured, and actual 
evapotranspiration ( E Y )  was estimated from 
potential evapotranspiration (PET)  with monthly 
""ET/PET crop coefficients" "ray, 1970). These 
monthly coefficients were derived from the evapo- 
transpiration data  of the weighing lysimeter 
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Figure 2, Runoff water qual  i ty.  

i n  F l o r i d a  was repor ted  by F isher  (1981). To ta l  
n i t r ogen  i n  r u n o f f  as determined by t he  K je ldah l  
method showed l i t t l e  va r i a t i on .  S i g n i f i c a n t l y  
h igher  l e v e l s  were found i n  r u n o f f  from the  low 
disturbance pulpwood watershed dur ing  t he  pre- 
t reatment c a l  i b r a t i  on year  and the  year a f t e r  
treatment. It i s  no t  c l e a r  why t he  t o t a l  
n i t r ogen  concentrat ion from t h i s  watershed was 
i n i t i a l l y  d i f f e r e n t  and i t s  response t o  t r e a t -  
ment was delayed. 

To ta l  phosphorus and ortho-phosphate (unpub- 
l i s h e d  data)  concentrat ions i n  runof f  were no t  
a f f e c t e d  by t he  treatments o r  drought condi t ions.  
Soi 1 s o l u t i o n  mon i to r ing  a l s o  showed no t reatment 
e f f e c t s  on ortho-phosphate concentrat ions (Morr is  
and P r i  t c h e t t  , 1982). These observations suggest 
t h a t  ortho-phosphate re lease i n t o  runof f  was 
regu la ted  by s o i  1 mois ture  content. 

A s i g n i f i c a n t  e f f e c t  was found f o r  potassium 
concentrat ions i n  r u n o f f  i n  p ropo r t i on  t o  app l ied  

t reatment i n t e n s i t y .  Furthermore, the  h igh  l e v e l s  
of potassium i n  runoff from the  smal ler  watersheds 
a f t e r  whole-tree (WS 4)  and t o t a l - t r e e  (WS 5)  har-  
vests suggested a l a rge  c o n t r i b u t i o n  due t o  more 
i n t e n s i v e  harves t ing  i n  a d d i t i o n  t o  t he  e f f e c t  o f  
s o i l  d is turbance by s i t e  preparat ion.  The e f f e c t  
o f  t he  treatments on calc ium l e v e l s  i n  r u n o f f  was 
d i f f e r e n t  from those of potassium i n  t h a t  o n l y  t he  
h igh  d i  sturbance s i t e  p repara t ion  treatment, which 
inc luded windrowing, showed a s i g n i f i c a n t  increase, 
The h igh  calc ium l e v e l s  i n  runof f  from the  two 
smal ler  whole-tree and t o t a l - t r e e  watersheds du r i ng  
t he  1980 c a l i b r a t i o n  year  were probably a ca r r y -  
over from the  boundary d i tches  of i n s t a l l a t i o n ,  

From these observations of s o i l  s o l u t i o n  and 
r u n o f f  water qual i t y  responses i t  may be concluded 
t h a t  t he  treatment e f f e c t s  f o r  n i t r ogen  species 
were most ly  associated w i t h  b i o l o g i c a l  so i  1 decm-  
p o s i t i o n  and uptake processes, and those fo r  phos- 
phorus were associated w i t h  s o i l  moisture content .  
I n  cont ras t ,  the  suspended sediment, pH, potassium, 
and calc ium data suggested more o f  a washout o f  
surface ma te r i a l s  by the  over land p o r t i o n  o f  t he  
s i g n i f i c a n t l y  increased stormflow runof f .  I n  ad- 
d i t i o n ,  potassium and calc ium ca t ions  i n  r u n o f f  may 
have been exchanged from the  s o i l  complex by hy- 
drogen ions. A1 1 e f f ec t s  were of r e l a t i v e l y  s h o r t  
durat ion.  

N u t r i e n t  balances 

Estimates of annual watershed n u t r i e n t  i n p u t  
and expor t  can be ca l cu la ted  from the  r a i n f a l l ,  
runoff, and water q u a l i t y  data (Figure 3).  The ap- 
parent  assoc ia t ion  w i t h  t he  drought cyc le  showed 
t h a t  t he  magnitude of these f l uxes  was mainly de- 
pendent on t he  annual water f lows, It was impos- 
s i b l e  t o  assign s t a t i s t i c a l  s i gn i f i cance  b u t  i t  
appears t h a t  the  on l y  r e a l  treatment e f f ec t s  were 
f o r  potassium and calc ium expor t  dur ing  the  f i r s t  
year. Whether t he  r e l a t i v e l y  h igh  n i t rogen expor t  
a f t e r  t he  h igh  d isturbance pulpwood t reatment was 
s i g n i f i c a n t  i s  no t  c l e a r  w i thout  good p re - t r ea t -  
ment c a l i b r a t i o n .  S i m i l a r l y ,  the  treatment ef- 
fec ts  of t he  whole- t r e e  and t o t a l - t r e e  harvested 
water-sheds cannot be demonstrated conc lus ive ly .  

Comparison o f  t he  annual expor t  by r u n o f f  w i t h  
i n p u t  by r a i n f a l l  (wet on l y )  showed a conservat ion 
o f  n i t r ogen  and phosphorus a l so  documented f o r  
many o the r  watershed n u t r i e n t  budgets (Likens and 
Bormann, 1975). However, i n  con t ras t  t o  data from 
most upland watershed studies,  the  i npu t  and ou t -  
pu t  o f  potassium and calc ium from the  f latwoods 
watersheds were nea r l y  ba l  -ancede l h i  s  confirmed 
ear?  i e r  observat ions o f  low n u t r i e n t  i npu t  by min- 
e r a l  weathering i n  these acid-leached sandy sur-  
face so i  1 s P r i  t c h e t t  , 1980). 

Therefore, any a d d i t i o n a l  expor t  from the  water- 
sheds i n  t he  form of whole-tree biomass chips cou ld  
c rea te  a negat ive n u t r i e n t  balance, r e s u l t i n g  i n  
some l ong te rn  l oss  of s i t e  p r o d u c t i v i t y  (Riekerk, 
1984; Neary e t  a1 . , 1984). 
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F igure  3. R a i n f a l l  i n p u t  and runo f f  expor t  of 
nu t r i en t s .  

Waste u t i l i z a t i o n  

Longterm reduc t i on  o f  s i t e  p r o d u c t i v i t y  from 
excess* ve n u t r i e n t  d r a i n  could be reduced o r  even 
r e v e r s e d  by s o i l  amel i o r a t i o n  w i t h  commercial f e r -  
t i l i z e r s  o r  waste products (Smith and Evans, 
1979). Watershed s tud ies  o f  the  environmental 
e f f e c t s  o f  f o r e s t  f e r t i l i z a t i o n  have been i n i t i -  
a ted  in  a new s lash  p ine  p l a n t a t i o n  on flatwoods 
s o i l  i m nor th -cent ra l  F lo r ida ,  b u t  no data are 
y e t  a v a i l a b l e .  P l o t  s tud ies  o f  t he  environmental 
e f f e c t s  o f  munic ipal  garbage, sewage, and indus t -  
r i a l  p u l p m i l l  sludge u t i l i z a t i o n  i n  p ine  flatwoods 
of F l o r i d a  have shown increased n u t r i e n t  and 

heavy me"e1 1 eve ls  i n  the  surface s o i l  and i t s  
so lu t ions ,  bu t  l i t t l e  deep loss  from t h e  study 
s i t e s  ( F i s k e l l  and P r i t c h e t t ,  1979; Comerford and 
F i s k e l l ,  1983; Neary and Comerford, 19841, No 
watershed s tud ies  have been conducted t o  eva lua te  
the o v e r a l l  environmental ef fects of sewage u t i -  
l i z a t i o n  i n  p i ne  f latwoods. U t i l i z a t i o n  o f  coa l -  
ash as a s o i l  amendment f o r  woody biomass produc- 
t i o n  on a c i d  f latwoods s o i l  was eva lua ted  on a 
p a i r  o f  very small  water-sheds (Riekerk and 
Korhnak, 1984). The Aus t ra l i an  p ine  p l a n t a t i o n  
responded we11 w i t h  a seven-fold y i e l d  increase 
t o  the  coal -ash t reatment a f t e r  t h r e e  years,  
wh i l e  t he  Eucalyptus v imina l  i s  showed no improve- 
ment. However, a severe f reeze terminated t he  ex- 
periment prematurely, Runoff water  mon i to r ing  
showed a s i g n i f i c a n t  increase of base c a t i o n  
l eve l s ,  causing the  pH t o  r i s e  by about two u n i t s  
dur ing  the  th ree  years o f  observat ion (Table 4). 
Ammonium-nitrogen l e v e l s  i n  runo f f  were decreased 
dur ing  the  f i r s t  year, suggesting r a p i d  uptake by 
the  v igorous ly  growing t rees.  The ortho-phosphate 
l e v e l s  i n  r u n o f f  increased a f t e r  t he  ash t reatment,  
which may be o f  concern f o r  downstream eu t roph i -  
ca t ion .  None o f  t he  heavy metal l e v e l s  increased 
s i g n i f i c a n t l y ,  bu t  z i nc  showed somewhat h igher  
l e v e l s  i n  r u n o f f  from the t r ea ted  watershed. 

CONCLUSIONS 

The in fo rmat ion  from the  range o f  expe r i -  
mental t reatments showed sho r t  term changes i n  run- 
o f f  f l ow  and water q u a l i t y  by low and h igh  d i s -  
turbance pulpwood s i l v i c u l t u r e ,  bu t  suggested long- 
term s i t e  changes f o r  h igh  d isturbance whole- t ree 
harves t ing  and f o r  waste u t i l i z a t i o n .  

Canopy removal r a i sed  water t ab les  and i n -  
creased f i r s t - y e a r  runof f  a t  r a tes  s i m i l a r  t o  
those fo r  more nor thern  upland fo res ts  on south 
f a c i n g  slopes, which r e f l e c t e d  the  h igh  s o l a r  i n -  
p u t  i n  F lo r ida .  Increased stand d e n s i t y  o n l y  
s l i g h t l y  reduced subso i l  moisture and increased 
f o l i a r  moisture s t ress  dur ing  t he  e a r l y  growth 
stages o f  some species i n  nor th -cent ra l  F lo r i da .  
This may have resu l t ed  from s i g n i f i c a n t l y  g rea te r  
r a i n f a l l  i n t e r c e p t i o n  by t he  dense canopies, 

It appeared t h a t  suspended sediments, pH, and 
c a t i o n  n u t r i e n t s  i n  runo f f  were increased propor-  
t i o n a l  t o  s i t e  disturbance. Increased sur face  
stormflow from the  windrowed p ine  lands accounted 
fo r  most o f  t h i s .  Increased biomass removal by 
whole-tree ch ipp ing  cou ld  c rea te  s i g n i f i c a n t  
n u t r i e n t  dep le t ion  r e q u i r i n g  pe r i od i c  s o i l  amend- 
ments t o  main ta in  s i t e  p roduc t i v i t y .  S o i l  amend- 
ment w i t h  coal-ash neu t ra l i zed  the  a c i d  f la twoods 
s o i l  and runo f f ,  and re leased more phosphorus. 



Table 4. Average annual r uno f f  water qua1 i t y  from coal  -ash t r ea ted  
f latwoods s o i l  (Riekerk and Korhnak, 1984). 

Time and t reatment 
1981 1982 1983 

Ash Contro l  Ask Contro l  Ash Control 

Aci d i  t y  
h o n  i um-N 
Ni t ra te -N 
Kje ldaht  -N 
Phospha te-P 
Tota l  -P 
Potass i urn 
Calcium 
Magnes i um 
I r o n  
A1 umi num 
Copper 
Zinc 
Susp. Sed 

pH: 6 ,1  
ppm: 0.12 
ppm: 0.10 
ppm: 0.72 
ppm: 0.0142 
ppm: 0.024 
pprn: 3.01 
ppm: 26.1 
ppm: 2.4 
ppm: 0.22 
ppm: 0.17 
ppm: 0.005 
ppm: 0.035 
ppm: ---- 

S i g n i f i c a n t  a t  5% l e v e l ;  S i g n i f i c a n t  a t  1% leve l .  
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Abstract . - -Concentrat ions of s e v e r a l  d i s s o l v e d  c o n s t i t u e n t s  
were measured i n  stormflow wate r  d r a i n i n g  from a 2,300 ha i n t e r -  
scream d i v i d e  i n  c o a s t a l  South Caro l ina .  This  a r e a  con ta ined  
s e v e r a l  subwatersheds which represen ted  phases o f  d ra inage  and 
p i n e  p l a n t a t i o n  e s t a b l i s h m e n t  from a n  u n t r e a t e d  hardwood a r e a  t o  
a 15 year-old p i n e  p l a n t a t i o n .  Samples were c o l l e c t e d  from t h e  
r i s i n g  and f a l l i n g  s t a g e s  of one s tormflow event  of each month 
between January 1981 and December 1982. One l i t e r  g rab  samples 
were taken  f o r  pH, 02, NO3-N, SO4, C a ,  TIg, K and suspended 
sadiment. i n t a l l l a t i o n  of new dra inage  ?reduced s i g n i f i c a n t  in-  
c r e a s e s  i n  suspended sediment ,  K03-N, SO4, Ca, and Mg concen- 
t r a t i o n s .  A young p i n e  p l a n t a t i o n ,  however, produced w a t e r s  
w i t h  c o n c e n t r a t i o n  of hydrogen i o n ,  NO3-N, SO4 and Mg s i g n i f i -  
c a n t l y  l e s s  than  t h e  u n t r e a t e d  hardwood s t a n d .  

INTRODUCTION 

Much of t h e  commercial f o r e s t  l and  of t h e  
A t l a n t i c  c o a s t a l  p l a i n  is on s o i l s  wi th  h igh  wate r  
t a b l e s .  One major c l a s s  of h i g h  wate r  t a b l e  s o i l s  
is  l o c a t e d  n e a r  t h e  c e n t e r  of broad i n t e r s t r e a m  
d i v i d e s .  Buol (1978) showed t h a t  s o i l s  n e a r  t h e  
c e n t e r  of such d i v i d e s  have very  poor d ra inage .  
Sur face  dra inage  systems have n o t  developed i n  
t h e s e  young marine sediments  and groundwater f low 
is i n s u f f i c i e n t  t o  remove r a i n f a l l .  Campbell and 
Hughes (1981) o u t l i n e d  d r a i n a g e  methods which 
have i n c r e a s e d  p i n e  growth r a t e s  on t h e s e  s i t e s .  

Water q u a l i t y  impact of f o r e s t  d ra inage  and 
i n t e n s i v e  management h a s  been addressed by o n l y  
H o l l i s  e t  a l .  (1978) i n  wes te rn  F l o r i d a .  Often 
f o r e s t  d ra inage  h a s  been lumped i n t o  a broad 
ca tegory  w i t h  a g r i c u l t u r a l  d ra inage  which h a s  re-  
s u l t e d  i n  concerns t h a t  may be  i n a p p r o p r i a t e  t o  
f o r e s t r y .  For example, p e s t i c i d e  and f e r t i l i z e r  
runoff  a r e  v i a b l e  concerns o f  a g r i c u l t u r e  bu t  a r e  
of minor importance i n  f o r e s t r y .  This  s tudy  was 
in tended  t o  determine which a s p e c t s  of t h e  d ra in-  
age  and s i t e  p r e p a r a t i o n  sequence had d i r e c t  im-  
p a c t s  on wate r  q u a l i t y .  

L/ Paper p resen ted  a t  Southern S i l v i c u l t u r a l  
Research Conference, A t l a n t a ,  Georgia, November 
7-8, 1984. 

2 / - Assoc ia te  and A s s i s t a n t  P r o f e s s o r s  of 
F o r e s t r y  r e s p e c t i v e l y ,  Belle W, Baruch Fores t  
Science I n s t i t u t e  of Clemson U n i v e r s i t y ,  P. 0. 
Box 596, Georgetom, SC 29442. 

Study Area 

The coopera t ive  s tudy  was conducted i n  a 
2,300 ha watershed l o c a t e d  i n  s o u t h e a s t e r n  
Georgetown County, South Caro l ina .  The a r e a  i s  
being converted by t h e  owner from a Bald-cypress- 
Tupelo f o r e s t  type  (Eyre 1980) t o  a d ra ined  lob- 
l o l l y  p i n e  p l a n t a t i o n .  S o i l s  a r e  p r i m a r i l y  of 
t h e  Cape Fear  s e r i e s .  Cape Fear  s o i l s  a r e  a 
member o f  t h e  c layey ,  mixed thermic family of  
Typic Umbraquults. They have b l a c k  loam A 
hor izons  up t o  41 cm t h i c k  and dark  gray t o  g ray ,  
c l a y  t o  c l a y  loam, B hor izons  from 90 cm t o  over  
150 cm t h i c k ,  They a r e  v e r y  poor ly  d ra ined ,  have 
ponded o r  slow runoff  and slow permeabi l i ty .  
Water t a b l e  was a t  o r  n e a r  t h e  s u r f a c e  dur ing  wet 
seasons.  P r i o r  t o  d ra inage ,  wate r  moved n o r t h e r -  
l y  through t h e  a r e a  i n  a d i f f u s e  manner t o  a s m a l l  
n a t u r a l  s t ream n e a r  t h e  n o r t h e r n  edge. 

The g e n e r a l  conversion sequence was: (1) in-  
s ta l l  dra inage  d i t c h e s  and b u i l d  a c c e s s  r o a d s  
us ing  d i t c h  s p o i l ;  (2)  l o g  t h e  s t a n d  a f t e r  one 
y e a r  of d ra inage ;  (3) push down c u l l s  and o t h e r  
non-merchantable t imber ;  (4)  c rush  r e s i d u a l  
m a t e r i a l  w i t h  large-bladed drums; (5)  l e a v e  f a l l o w  
f o r  a y e a r  and then  plow beds about  1 m wide and 
50-80 cm h igh  on a spac ing  of about 3 rn, in-  
c o r p o r a t i n g  t r i p l e  superphosphate i n t o  t h e  beds;  
(6) p l a n t  l o b l o l l y  p ine  s e e d l i n g s .  Burning was 
used e i t h e r  p r i o r  t o  o r  a f t e r  chopping when 
necessary.  

S e c t i o n s  of t h e  s tudy  a r e a  have rece ived  t h i s  
t rea tment  dur ing  t h e  p a s t  20 years .  A main dra in-  
age  d i t c h  was i n s t a l l e d  from t h e  n a t u r a l  o u t l e t  a t  



t h e  n o r t k  end of t h e  bay t o  t h e  sandy r i d g e  form- 
ing  t h e  s o u t h e r n  border  of t h e  a r e a .  This  main 
d i t c h  is roughly a  r e c t a n g u l a r  channel  2.5-4111 
wide and 2-2.5m deep. Secondary d i t c h e s  ( t r i a n -  
g u l a r  c h a n n e l s  2-2.5a wide and 1.3-2211 deep) were 
then i n s + a l l e d  t o  d r a i n  a r e a s  scheduled for  con- 
v e r s i o n ,  I n s t a l l a t i o n  of t h e s e  secondary d i t c h e s  
and r o a d s  has d iv ided  t h e  a r e a  i n t o  s e v e r a l  sub- 
w a t e r s h e d s .  Since t h e  conversion process  began 
i n  t h e  n o r t h  end of t h e  s t u d y  a r e a  t h e s e  subwater- 
sheds r a n g e d  from undis tu rbed  cypress-hardwood 
swamp to 15 year-old l o b l o l l y  p i n e  p l a n t a t i o n s .  

RESULTS M4D DISCUSSIOE 

R e s u l t s  of t h e  s tudy  a r e  p resen ted  i n  
f i g u r e s  2-9 f o r  t h e  wate r  q u a l i t y  parameters  
considered:  d i s s o l v e d  oxygen (Fig.  21,  suspended 
sediment (Fig.  31, pH ( F i g .  4 1 ,  n i t r a t e  n i t r o g e n  
(Fig.  5 ) ,  s u l f a t e  (Pig.  61, calcium ( F i g .  71, 
magnesium (Fig.  81,  and potassium (F ig .  9 ) .  
R e s u l t s  (with 957; confidence l i m i t s )  from t h e  
subwatersheds t h a t  r e p r e s e n t  o n l y  one silvi- 
c u l t u r a l  a c t i v i t y  a r e  p resen ted  i n  s e c t i o n  A of 
each f i g u r e .  A l l  s u b r ~ a t e r s h e d s  and t h e  main d i t c h  
m a n s  ( d o t t e d  l i n e s )  a r e  p resen ted  i n  s e c t i o n  6. 

N a t u r a l  Hardwood Stand 
Twenty sample p o i n t s  were e s t a b l i s h e d  i n  t h e  

s tudy  a r e a  i n  J u l y  1980 (F igure  I ) .  These sample 
p o i n t s  Lncluded subwatershed o u t l e t s  and p o i n t s  
i n  t h e  m a i n  channel  downstream from each subwater- 
shed outlet. Subwatershed samples were c o l l e c t e d  
from s e v e r a l  a r e a s ,  each of which were undergoing 
a  d i f f e r e n t  phase of es tab l i shment  p rocess ;  un- 
d i s t u r b e d  cypress- tupelo f o r e s t  ( # 3 ) ,  a c t i v e  
logging  (#5) ; s i t e  p r e p a r a t i o n  a r e a s  ( # 6 ) ,  1-3 
y e a r - o l d  p i n e  p l a n t a t i o n  (118), 3-15 year-old 
p l a n t a t l o n s  (i't'18), and s e v e r a l  subwatersheds w i t h  
combina t ions  of t r e a t m e n t s  ( # 9 ,  12, 14, and 16). 
Eleven sample  p o i n t s  i n  t h e  main d i t c h  ( # I ,  2, 4 ,  
7 ,  10, 1 1 ,  13, 15, 17, 19 and 20) were i n s t a l l e d  
t o  d e t e r m i n e  t h e  i n f l u e n c e  of t h e  a d d i t i o n  of 
d r a i n a g e  from each subwatershed,  I n  August 1980 
a  new d i t c h  was i n s t a l l e d  i n t e r s e c t i n g  t h e  main 
d r a i n a g e  d i t c h  between sample p o i n t  #2 and i f4 .  
This  c r e a t e d  a  new subwatershed which was l a b e l l e d  
#2A. E a c h  of t h e  sample p o i n t s  were sampled once 
dur ing  t h e  r i s i n g  phase and twice dur ing  t h e  
f a l l i n g  phase of  t h e  f i r s t  s torm f low event  of 
each month .  Storm f low e v e n t s  were def ined  a s  
t h a t  r u n o f f  which occur red  a f t e r  a t  l e a s t  3  cm 
of r a i n .  Sampling began i n  January 1981 and con- 
t i n u e d  through November 1982. T h i r t e e n  e v e n t s  
dur ing  t h i s  per iod  met t h e  c r i t e r i a .  Temperature 
and d i s s o l v e d  oxygen c o n t e n t  (DO) of t h e  d ra inage  
water  w e r e  measured on s i te  w i t h  a  US1 Kodel 5 1 B  
D i s s o l v e d  Oxygen meter .  One L i t e r  of wate r  was 
c o l l e c t e d  a t  each sample p o i n t  on each of t h e  
t h r e e  c o l l e c t i o n  days f o r  each s torm flow. Water 
samples  were f i l t e r e d  through Fjhatmn GF/F g l a s s  
micro E i b e r  f i l t e r s  wi th  a n  e f f e c t i v e  r e t e n t i o n  
of 0 . 7  pm. F i l t e r s  were weighed t o  t h e  n e a r e s t  
0.00001 gram b e f o r e  and a f t e r  f i l t e r i n g  and t h e  
suspended  sediment c o n t e n t  was expressed i n  m i L l i -  
grams per l i t e r .  

Chemical  a n a l y s e s  on each sample c o n s i s t e d  
o f :  
A n a l y s F s  Technique 

(NO31 Brucine (Taras ,  ii?, J. e t  a i . ,  1975) 
(SO4) Turb id imet r ic  I t 

C a ,  Mg and K were assayed by atomic 
absorptzion.  A l l  measurements were recorded t o  
t h e  n e a r e s t  0.001 mg/l. 

Runoff c o n c e n t r a t i o n s  from t h e  n a t u r a l  
hardwood s t a n d  were s i m i l a r  t o  t h e s e  found i n  
s l a s h  p i n e  f la twoods i n  F l o r i d a  (Table 1 ) .  

Table 1. Comparison of c o n s t i t u e n t s  i n  
wate r  from undis tu rbed  watersheds i n  t h i s  s t u d y  
and c e n t r a l  F l o r i d a  IMPAC s tudy  (Riekerk 1982). 

C o n s t i t u e n t  This  Study IMPAC s t u d y  
wate rshed  3  

PB 4.33  3.79 
N03-N mg/l . 4 7  - 0 3  
NH4-N mg/l -05 . I 0  
T o t a l  P mg/l .01 . 0 3  
K mg/ 1 -80  .13 
Ca mg/l  5.49 1.16 
Mg mg/l 2.70 ' 7 0  
Suspended 
sediment mg/l 4.08 2.7 
so4 mg/l 32.8 

Water from t h e s e  watersheds i s  s t a i n e d  w i t h  
o r g a n i c  a c i d s  der ived  from incomplete  decomposi- 
t i o n  of o r g a n i c  m a t t e r .  F l a t  s l o p e s  of t h e  
c o a s t a l  p l a i n  have l i t t l e  e r o s i v e  p o t e n t i a l  s o  
most of t h e  m a t e r i a l  l e a v i n g  t h e  watershed i s  i n  
t h e  d i s s o l v e d  s t a t e .  I n  t h i s  s tudy t o t a l  sus-  
pended sediments  were on ly  4  mg/l w h i l e  t h e  
d i s s o l v e d  s u l f a t e  a lone  was 33 mg/l. There a r e  
s e v e r a l  d i f f e r e n c e s  i n  t h e  d a t a  c o l l e c t e d  from 
our  s t u d y  and t h e  one i n  F l o r i d a .  Calcium and 
magnesium c o n c e n t r a t i o n s  were much h i g h e r  i n  t h i s  
s tudy .  This  may be due t o  younger s o i l s  n e a r  
t h e  c o a s t  which may have a  g r e a t e r  supply  of 
wea therab le  bases .  

N i t r a t e - n i t r o g e n  c o n c e n t r a t i o n s  a r e  much 
h igher  i n  t h i s  s tudy  than those  r e p o r t e d  i n  most 
o t h e r  publ i shed  d a t a  from t h e  Southeas t .  T h i s  
may be due t o  t h e  sampling technique.  I le 

sampled on ly  stormflows and some of t h e s e  storm- 
f low e v e n t s  occur red  a f t e r  d r y  per iods .  The  

h igh  mean c o n c e n t r a t i o n  was due t o  h i g h  n i t r a t e  
c o n c e n t r a t i o n s  i n  t h e s e  saglples ( a s  i n d i c a t e d  by 



FIGURE I. SCHEMATIC OUTLINE OF SAMPLING POINTS 
AND SUB WATERSHE D LOCATIONS 
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t h e  wide confidence l i m i t s ) ,  Apparent ly n i t r a t e  
was produced  i n  t h e s e  a r e a s  when t h e  water  t a b l e  
f e l l  d u r 5 n g  an extended dry  per iod  and was then  
expor ted  during a subsequent stormflow. 

Newly I n s t a l l e d  Drainage 

I n s e a l l a t i o n  of new d r a i n a g e  d i t c h e s  proved 
t o  have t h e  most s i g n i f i c a n t  impact on wate r  
q u a l i t y .  Suspended sediment ,  pH, n i t r a t e -  
n i t r o g e n ,  s u l f a t e ,  calcium, and mapnesium con- 
c e n t r a t i o n s  a l l  showed s i g n i f i c a n t  changes from 
t h e  c o n t r o l .  These changes ranged from a 50% 
i n c r e a s e  i n  magnesium c o n c e n t r a t i o n  t o  a  50 f o l d  
i n c r e a s e  i n  suspended sediment .  

The  l a r g e  i n c r e a s e  i n  suspended sediment was 
due t o  r u n o f f  from d i t c h  s p o i l ,  d i t c h  banks, and 
t h e  a d j a c e n t  road.  Highest  c o n c e n t r a t i o n s  
o c c u r r e d  i n  r i s i n g  Limb samples w i t h  a concen- 
t r a t i o n s  decreas ing  on t h e  f a l l i n g  limb of t h e  
hydrograph .  Turbid wate r  from t h e  a d j a c e n t  
road w a s  seen e n t e r i n g  t h e  d i t c h  dur ing  t h e  f i r s t  
day b u t  e leva ted  c o n c e n t r a t i o n s  dur ing  t h e  sub- 
sequent  days probably were der ived  from m a t e r i a l  
from t h e  banks t h a t  had slumped i n t o  t h e  d i t c h .  

C o n c e n t r a t i o n s  of s e v e r a l  d i s s o l v e d  
c o n s t i t u e n t s  were a l s o  s i g n i f i c a n t l y  h i g h e r  i n  t h e  
new d i t c h .  Concent ra t ions  of bo th  n i t r a t e  and 
s u l f a t e  showed l a r g e  i n c r e a s e s  i n  t h e  newly in-  
s t a l l e d  d i t c h .  Chemistry of b o t h  n i t r o g e n  and 
s u l f u r  a r e  s i m i l a r ,  Both a r e  incorpora ted  i n t o  
b i o l o g i c a l  m a t e r i a l s  which accumulate on t h e  
f o r e s t  f l o o r .  Both a r e  r e l e a s e d  dur ing  decom- 
p o s i t i o n  and a r e  minera l ized  t o  end produc ts  t h a t  
undergo s i m i l a r  ox ida t ion- reduc t ion  r e a c t i o n s .  
P r i o r  to drainage,  decomposition on t h e s e  s o i l s  
had b e e n  slow due t o  s a t u r a t e d  c o n d i t i o n s  and t h e  
upper soil hor izons  con ta ined  a  g r e a t  d e a l  of 
o r g a n i c  mat te r .  As d r a i n a g e  reduced t h e  degree  
of s a t u r a t i o n  decomposition was l i k e l y  t o  have 
i n c r e a s e d .  Increased  n i t r a t e  and s u l f a t e  
o r i g i n a t e d  a s  e i t h e r  a  r e s u l t  of increased  min- 
e r a l i z a t i o n  o r  a s  o x i d a t i o n  of reduced forms of  
p r e v i o u s l y  minera l ized  m a t e r i a l .  

T h e  h igher  c o n c e n t r a t i o n s  of calcium and 
m g n e s i u m  a r e  more e a s i l y  exp la ined .  Calcium p l u s  
magnesium a r e  i n  i o n i c  ba lance  w i t h  t h e  concen- 
t r a t i o n  of s u l f a t e .  Magnesium was w e l l  c o r r e l a t e d  
t o  s u l f a t e  c o n c e n t r a t i o n  ( r 2  = 0.78) even when 
measured  a c r o s s  a l l  t r ea tments .  Oxida t ion  of 
s u l f u r  compounds t o  s u l f a t e  a l s o  r e l e a s e s  
h y d r o g e n  ions  which a r e  t h e n  a v a i l a b l e  t o  d i s -  
p l a c e  c a t i o n s  from t h e  exchange complex. 
N i t r i f i c a t i o n  would have r e s u l t e d  i n  t h e  same 
r e a c t i o n  bu t  i n  t h i s  system s u l f a t e  i s  s e v e r a l  
f o l d  m o r e  abundant. 

Hydrogen i o n  c o n c e n t r a t i o n  was s l i g h t l y  re- 
duced o n  the  dra ined  a r e a ,  This  c o n f l i c t s  w i t h  
t h e  e x p l a n t a t i o n  of calcium and magnesium 
c h e m i s t r y .  However, t h e  major source  of hydrogen 
ion  i n  t h e s e  s t reams  is  o r g a n i c  a c i d s .  By re-  
ducing t h e  per iod  of s t a n d i n g  wate r  t h e  concen- 
t r a t i o m s  of t h e s e  a c i d s  may have been reduced. 

Each t rea tment  ( logging,  s i t e  p r e p a r a t i o n ,  
p i n e  es tab l i shment )  which reduced t h e  amount cf 
decomposing o r g a n i c  m a t t e r  r e s u l t e d  i n  a d e c r e a s e  
i n  hydrogen i o n  c o n c e n t r a t i o n .  

Logging 

Concent ra t ions  of most c o n s t i t u e n t s  from t h e  
logged a r e a  were s i m i l a r  t o  those  of t h e  n a t u r a l  
hardwoods. Only potassium and hydrogen i o n  were 
g r e a t l y  d i f f e r e n t .  Potassium c o n c e n t r a t i o n s  
appear  t o  vary  w i t h  t h e  degree  of d i s t u r b a n c e  t o  
l i v i n g  v e g e t a t i o n .  A11 of t h e  subwatersheds on 
which v e g e t a t i o n  was d i s t u r b e d  bad s i g n i f i c a n t l y  
h i g h e r  potassium c o n c e n t r a t i o n s .  

N i t r a t e ,  s u l f a t e ,  calcium, and magnesium a l l  
showed v a l u e s  s m a l l e r  than  t h e  newly d r a i n e d  
subwatersheds,  r ~ i t h  a l l  b u t  calcium b e i n g  a s  low 
a s  t h e  n a t u r a l  hardwood. These r e s u l t s  t end  t o  
suppor t  t h e  hypothes i s  t h a t  d ra inage  c a u s e s  t h e  
o x i d a t i o n  of reduced forms of N and S r a t h e r  t h a n  
a s  a  r e s u l t  of i n c r e a s e s  m i n e r a l i z a t i o n .  Logging 
h a s  been assumed t o  i n c r e a s e  t h e  r a t e  of 
m i n e r a l i z a t i o n  (Likens e t  a l .  1970). However, 
logg ing  a l s o  causes  a  r i s e  i n  t h e  wate r  t a b l e  due 
t o  reduced t r a n s p i r a t i o n  (Trousde l l  and Hoover 
1955). I n  t h i s  s tudy  t h e  h i g h e r  wate r  t a b l e  
a s s o c i a t e d  w i t h  logging  seems t o  have r e s u l t e d  i n  
ox ida t ion- reduc t ion  r e a c t i o n s  s i m i l a r  t o  t h e  
undrained s t a n d .  

S i t e  Prepara t ion  

Shear ing ,  drum chopping, burning,  and 
bedding a s s o c i a t e d  w i t h  s i t e  p r e p a r a t i o n  were t h e  
most s e v e r e  mechanical t r e a t m e n t s  a p p l i e d  d u r i n g  
t h e  es tab l i shment  p rocess .  l e t ,  t h e s e  t r e a t m e n t s  
had a  r e l a t i v e l y  minor impact on wate r  q u a l i t y .  
Suspended sediment c o n c e n t r a t i o n s  were no h i g h e r  
than o t h e r  t r e a t m e n t s  wi th  d ra inage  d i t c h e s .  On 
t h e  l e v e l  l and  of t h e  lower c o a s t a l  p l a i n  ex- 
posure of minera l  s o i l  does n o t  r e s u l t  i n  e r o s i o n  
u n l e s s  equipment c r e a t e s  channels  i n t o  d r a i n a g e  
d i t c h e s  o r  s t reams.  E i t r a t e  c o n c e n t r a t i o n s  were 
s l i g h t l y  h i g h e r  than i n  t h e  logged a r e a  b u t  were 
s t i l l  s i g n i f i c a n t l y  l e s s  than i n  t h e  n a t u r a l  
hardwood. S u l f a t e ,  magnesium, and hydrogen i o n  
c o n c e n t r a t i o n s  were a11  s i g n i f i c a n t l y  lower t h a n  
i n  n a t u r a l  hardwood, whi le  calcium was lower t h a n  
t h e  logged a r e a .  A f t e r  c u l l  t r e e s  were sheared  
and chopped they  were burned wi th  a  v e r y  h o t  f i r e  
i n  l a t e  summer. The i n t e n s i t y  of t h e s e  f i r e s  
could have v o l a t i l i z e d  s u l f u r  from l i t t e r  and 
perhaps from t h e  s o i l .  S u l f a t e  c o n c e n t r a t i o n s  of 
a l l  subwatersheds on which such a  f i r e  had 
occur red  were s i g n i f i c a n t l y  l e s s  than  t h o s e  with-  
ou t  such a  f i r e .  Decreased calcium and magnesium 
c o n c e n t r a t i o n s  may have been due t o  agh i n  con- 
v e c t i o n  columns (Lewis 1974, G r i e r  1975). horsr- 
ever ,  t h e  i o n i c  ba lance  between s u l f a t e  and t h e s e  
c a t i o n s  would sugges t  a  c a t i o n  exchange expla-  
n a t i o n  i s  more l i k e l y .  
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FIGURE 3. SUSPENDED- SEDIMENT 

Ditch Sample Number 



HYDROGEN 

4 7 
Ditch Sample Number 



GURE 5. N TRATE - NITROGEN 
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FIGURE 6. SULFATE 
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FIGURE 8. MAGNESIUM 
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Young Pine Plantation 

The young pine plantation had the highest 
quality water of any subwatershed in the study. 
Concentrations of nitrate, sulfate, calcium, and 
hydrogen ion were the smallest of any of the 
subwatershed values. Pine growth rates were 
relatively rapid on this area and the pine crees 
were the dominant vegetation on the site by the 
end of the study. It seems that with the addition 
of phosphorus fertilizer the young pines were 
able to utilize the other nutrients on this site 
more effectively than che natural stand. The 
consistently low nitrate concentrations are eon- 
sistent with results from other well drained pine 
sites (Bewlett 1979, Richter et al. 1982)-  Con- 
trol of nitrate concentration on this site may 
have no longer been due to oxidation-reduction 
reactions but due to the more common 
mineralization reactions. 

Only two constituents of runoff from the 
young pine stand failed to show consistently high 
quality. Suspended sediment was significantly 
higher than in the site-prepared area and 
dissolved oxygen was lower, although more 
variable. Both of these values seemed to be due 
to heavy growth of aquatic macrophytes and 
epiphitic algae in the drainage ditch. &%en this 
vegetation was alive it contributed to the oxygen 
in the stream but when it died it consumed oxygen 
and contributed a large amount of suspended or- 
ganic matter. This subwatershed was the only 
subwatershed in which the suspended material 
contained visible quantities of organic matter. 

Older Pine Plantation 

Concentrations from the older ~ i n e  
plantation were similar to those of the young 
pine except for nitrate nitrogen and hydrogen 
ion. The higher and more consistent hydrogen 
ion concentration may have been a result of the 
build up of a stable forest floor. The concen- 
tration was similar to the watershed of the 
IMPAC study (Riekerk 1982) which contained most- 
ly slash pine. Nitrate concentrations were not 
significantly different from the control. This 
may have been due to a return of transpiration 
and the large fluctuations of the water table 
characteristic of the lower coastal plain 
(Trousdell and Hoover 1955, Tainter et al. 1982). 
Another explanation may be that the stand had 
exhausted the phosphorus added at planting and 
could no longer effectively utilize nitrogen. 

Integration of all Treatments 

The constituent concentrations at sample 
point 20 were a reflection of all the subwater- 
shed outputs and any processes which operated 
within the main drainage ditch. For all of the 
dissolved constituents, except oxygen, there 
seemed to be little processing within the main 

ditch. Changes in coacenrration were as would 
be expected if dilution was the only process 
active. Dissolved oxygen appears to have been 
dominated by channel processes. On the subwater- 
sheds that were well channelized dissoZved 
oxygen averaged near 7 ng/l while those with flow 
over the surface had significantly Lower averages 
near 5 mgjl. Likewise, in the main stream where 
water stayed within the channel and had turbulent 
nixing the values were near 7 mg/l. In the region 
between sample points 15 and 20 the main channel 
was not large enough ro contain the flow and the 
dissolved oxygen dropped from 7 to 6 mg/l. 

Suspended sediment measurements showed that 
both sediment additions and sedimentation occurred 
in the main channel (Askew and Williams 1984). 
Sus~ended sediment concentrations declined sharp- 
ly between point 2 and point 7 and between paint 
15 and 17. The decline between polnts 2 and Tb 
may have resulted from dilution by relatively 
clean water. However, the decline between points 
15 and 17 occurred despite the addition of water 
with higher sediment concentrations. Suspended 
sediment was also added to the main ditch in 
quantities rivaling those of several subwater- 
sheds. Between points 11 and 13 the concen- 
tration increased from 16 to 29 mg/l. The con- 
centration of subwatershed 12 was 33 mg/l but it 
drained an area of less than 200 acres while the 
main ditch drained an area of nearly 2000 acres. 
The only other source of sediment between points 
11 and 13 was the crossing of the main haul road. 
The main haul road also crossed the ditches in 
subwatersheds 14 and 16, which had suspended 
sediment concentrations of 33 and 31 mg/l re- 
spect ively . 

CONCLUSIONS 

The overall effect of drainage and pine 
plantation establishment in this case was to 
improve runoff water quality. The drained area 
was a broad interstream divide which received 
excess water by rainfall. The natural stand was 
a hardwood stand which had been selectively 
(selection for profit) logged during the 1940's. 
In this case the runoff water was dominated by 
high concentrations of organic acid, low levels 
of dissolved oxygen, occasionally high concen- 
trations of nitrate, and high concentrations of 
sulfate and associated cations. Overall con- 
version decreased the acidity level, increased 
the oxygen level, and lowered the concentrations 
of nitrate, sulfate, and magnesium. 

Aspects of the conversion process which had 
the largest impacts on water quality were in- 
stallation of new drainage ditches and establish- 
ment of the pine plantation. Installation of 
drairiage produced an increase in suspended sedi- 
ment from ditch bank, spoil, and an adjacent 
road. Increased drainage also appears to have 
increased the rate of oxidation of the forest 
floor and soil. This resulted in a pulse of 
dissolved nutrients (SO3-N, SO4, Ca, and Mg). 



These l o s s e s  were l a r g e  enough t o  be s t a t i s t i c a l l y  
s i g n i f i c a n t  even wi th  t h e  l i m i t e d  s a ~ p i i n g  of t h i s  
s tudy  a n d  could be of concern from a p r o d u c t i v i t y  
s t a n d p o i n t .  Establ ishment  of a  v igorous ly  growing 
p ine  s t a n d  had t h e  g r e a t e s t  p o s i t i v e  impact on 
wate r  q u a l i t y .  The  s t a n d  i n  t h i s  s tudy  produced 
wate r  s i m i l a r  i n  q u a l i t y  t o  o t h e r  p i n e  f o r e s t s .  
On t h i s  s i t e  t h e  i n c o r p o r a t i o n  of phosphorus i n t o  
t h e  beds  r e s u l t e d  i n  a  s tand  t h a t  seemed a b l e  t o  
more c o m p l e t e l y  u t i l i z e  t h e  s i t e .  Not o n l y  d i d  
phosphorus  c o n c e n t r a t i o n s  remain below our  0.31 
mg/l d e t e c t i o n  l i m i t  bu t  o t h e r  n u t r i e n t  concen- 
t r a t i o n s  i n  runoff a l s o  d e c l i n e d ,  

T h e r e  appears  t o  be on ly  two a r e a s  of poten- 
t i a l  z a t e r  q u a l i t y  concern i n  t h e  p r a c t i c e  of 
p i n e  p l a n t a t i o n  es tab l i shment  on t h e s e  s i t e s .  
The s e d i m e n t  and d i s s o l v e d  n u t r i e n t s  from t h e  
i n i t i a l  establishment of d ra inage  d i t c h e s  pre- 
sen ted  a problem f o r  a t  l e a s t  two y e a r s .  Slow 
development  of a  t r a c t  a s  p r a c t i c e d  h e r e  s o l v e s  
t h e s e  c o n c e r n s  w i t h  d i l u t i o n .  I f  a  t r a c t  is  
deve loped  over a  per iod  of twenty y e a r s  then no 
more t h a n  t e n  percen t  would have new d i t c h e s .  
Suspended sediments  from t h e  new d i t c h e s  and from 
main h a u l  roads does s e t t l e  from t h e  s t ream which 
w i l l  improve water  q u a l i t y  bu t  t h e  sediment i n  
t h e  s t r e a m  impedes flow. This  problem may be  
a l l e v i a t e d  by i n s t a l l i n g  s e t t l i n g  b a s i n s  i n  t h e  
d r a i n a g e  system t o  accumulate sediment ( Gregory 
p e r .  corn.). These b a s i n s  can a l s o  be  used t o  pro- 
v i d e  w a t e r  f o r  f i r e  p r o t e c t i o n .  
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EFFECT OF TWLRYLNG UOUP3G LOBLOLLV PINE ON SOIL FlOLSTURE 

IN SOUTHEASTEPS: LOUISItlh'A 

R.3. Lilieholm and S.C. Hu 

Abstract.--Stand growth and soils under three thinning 
treatments were studied for one year. Plots heaviest 
thinned contained more water during the growing season than 
controls, Daily water use was equal among treatments. 
Moisture in upper soil horizons reduced water use 
periodically from March to November while depths below 2.5 
feet remained near field capacity. Tree diameter growth 
increased with increased thinning intensity, 

INTRODUCTION 

Current projections show increasing demands 
for wood and wood products while forestland in 
the U.S. decreases (Hall 1983). To meet 
increased demands from a declining resource base, 
forests are becoming more productive through 
shorter rotations and intensive management 
(DeBell et al. 1977). Greater utilization, 
genetically improved planting stock, ferti- 
lization, and thinning are more common each year 
on many acres of forestland. 

Thinning has been widely used to improve 
tree growth and quality by alleviating com- 
petition for a number of growth factors including 
solar radiation, nutrient elements, and soil 
moisture (Daniel et al. 1979). While all of 
these factors are important, Black (1957) 
identified soil moisture as the single most 
limiting factor to plant growth on most sites. 

Loblolly pine (pin& taeda L.) is the major 
timber species of the southeast United States and 
each year thousands of acres are thinned to 
improve tree growth and quality. While many 
studies have examined the effect of thinning 
loblolly pine on growth, few if any have focused 
on the underlying cause of improved growth-- 
increased soil moisture. 
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METHODS AND PROCEDURE 

Study Area 

The study was conducted on LSU's Lee 
Memorial Forest located in southeastern 
Louisiana. The area falls in the forest habitat 
subregion identified by Evans et al. (1983) as 
the Middle Coastal Plain, Southern Loam Hills, 
gentle topography unit. The site is occupied by 
a young loblolly pine stand naturally 
regenerated in 1964-65. Site index for loblolly 
pine within this habitat subregion is normally 
from 84 to 91 feet at base age 50 years. While 
loblolly pine dominates the site, scattered 
lonrrleaf (Pinus ~alustris Mill. 1 and shortleaf 

.a -- - 
pines (x, echinata Mill.) are present. Common 
hardwoods include sweetgum (Liquidambar 
styracif lua L.) , yaupon (Ilex vomitoria Ait.) , 
yellow-poplar (Liriodendron tulipifera L.), 
black cherry (Prunus serotina Ehrh.), and 
various oaks (Quercus spp.), 

Ruston and Savannah fine sandy loams 
underlie the site, The well-drained Ruston soil 
series is found extensively throughout Louisiana 
and covers over one million acres in the South, 
Most of this land supports stands of southern 
pine, of which loblolly pine is a major 
component. The moderately well-drained Savannah 
series has a fragipan at 16 to 38 inches, 
creating a perched water table at 1.5 to 3.0 
feet from January to March. Rainfall, collected 
nearby at the Sheridan fire tower, averaged 75 
inches per year over the past 13 years, 

Plot Establishment 

Twelve 0.5-acre square plots were 
established across the stand in the spring of 
1980. One nine-foot aluminum access tube was 
Iwtalled in each plot center to allow soil 



moisture measurement wi th  a neutron probe, The 
1 2  p l o t s  were then divided i n t o  four blocks of 
t h r ee  p l o t s  each and every plot within  each 
block w a s  randonly assigned one of t h r ee  
t rea tment  s :  

1) hardwood removal, thinning t o  200 t r e e s  
per ac re  (TPA) , prescribe-burn, 

2 )  hardwood removal, thinning t o  400 TPA, 
prescribe-burn, and 

3) control .  

flardwood t r e e s  and shrubs on p l o t s  t o  be 
thinned were  cut  i n  Decernber and January 1982-83, 
Loblolly pines were marked f o r  thinning i n  
January o f  1983. A t  t h i s  time o the r  pine spec ies  
were removed, Loblolly pines thinned from the  
p l o t s  w e r e  se lec ted  by the  following c r i t e r i a :  
f i r s t ,  dy ing  t r e e s ;  second, diseased and broken 
t r e e s ;  t h i r d ,  t r e e s  making neg l ig ib l e  growth 
compared with t he  average; fou r th ,  excessively 
limby dominants whose removal would r e l ea se  
b e t t e r  Crees ;  and l a s t l y ,  t r e e s  whose removal 
would improve the  spacing of remaining t r e e s ,  
Thinning began i n  e a r l y  January and continued 
through February. Thinned p l o t s  were 
prescribe-burned i n  February t o  discourage 
hardwood sprouting and reduce s l a sh .  

P i n e  diameter a t  b r eas t  he ight  was recorded 
i n  March 1983, Pine b a s a l  a r e a  averaged 52,5 
f t 2 / a c  on 200 TPA p l o t s ,  72.1 f t 2 / a c  on 400 TPA 
p l o t s ,  a n d  63.4 f t 2 / a c  on cont ro ls .  Hardwood 
basa l  a r e a  on con t ro l  p l o t s  averaged 17.2 f t 2 / a c  
with 2,350 stems per ac re ,  I n  addi t ion ,  15 p ines  
nea re s t  t he  p lo t  center  on a l l  p l o t s  were 
measured f o r  t o t a l  he ight  and l i v e  crown r a t i o .  
Measurements were repeated a f t e r  one growing 
season. 

Hardwood understory sprouting was sampled i n  
November of 1983, one growing season a f t e r  
t h inn ing ,  Two 0.0125-acre subplo ts  were 
e s t a b l i s h e d  i n  each thinned p l o t  and the  number 
of s p r o u t s  and he ight  of t he  dominant sprout  f o r  
each r o o t  c o l l a r  was recorded. 

Volumetric soi l .  moisture was measured with a 
Troxler  Model 2655 scaler-ratemeter  and Model 
1255 dep th  moisture probe app rox imte ly  every 
two weeks from March 6,  1983 t o  February 26, 
1984, S o i l  moisture was measured from depths of 
0.5 t o  7.5 f e e t  a t  one-foot i n t e rva l s .  A f i e l d  
c a l i b r a t i o n  f o r  t he  neutron probe was made a t  
t he  s tudy  s i t e .  

Two r a i n  gages were i n s t a l l e d  on the  study 
a rea  t o  measure biweekly r a i n f a l l ,  Measurements 
were recorded i n  conjunction wi th  neutron probe 
readings  t o  a i d  i n  i n t e r p r e t i n g  s o i l  moisture 
f l u c t u a t i o n s ,  In  add i t i on ,  d a i l y  r a i n f a l l  da ta  
from a nearby f i r e  tower were obtained. 

S o i l  moisture r e t e n t i o n  curves f o r  both t he  
Ruston and Savannah s o i l  s e r i e s  were constructed 
f o r  depths  of 0.5, 1.5, 2.5, 3,5, and 4.5 f e e t ,  

For each s o i l  s e r i e s  and depth, volumetrfc 
moisture content  was de temined f o r  s o i l  water  
p o t e n t i a l s  of 1 / 3 ,  1, 4 ,  8 ,  and 15 bars .  

RESULTS AWD DISCUSSION 

Effec t  of Thinning on Tree and Understory Growth 

Diameter growth increased with increased  
thinning i n t e n s i t y ,  Trees on p lo t s  thinned t o  
200 TPA grew the  most, adding an average of 0,29 
inch t o  t h e i r  diameters ( t ab l e  1) .  P l o t s  
thlnned t o  400 TPA had the next g r e a t e s t  r a d i a l  
increment growth with 0.19 inch,  an8 t r e e s  on 
the  con t ro l  p l o t s  grew the  l e a s t ,  averaging only 
0.15 inch, No s ign i f i can t  d i f f e r ences  were 
found i n  he ight  growth, change i n  l i v e  c r o m  
r a t i o ,  o r  per-acre basa l  a r ea  growth a t  t he  0.05 
p robab i l i t y  l eve l .  

Table 1,--Diameter growth a t  b r eas t  he igh t ,  
he ight  growth, change i n  l i v e  crown 
r a t i o ,  and basa l  a rea  growth a f t e r  one 
pear among th ree  thinning t rea tments  

Change i n  
Diameter Height l i v e  Basal 

Treatment growth growth crown r a t i o  a r e a  

Thin t o  
200 TPA 0-27 A 1 .2  A 0.006 A 3.40 A 

Thin t o  
400 TPA 0.19 B 1.6 A 0.015 A 4.79 A 

Control 0.15 C 1.1 A -0.100 A 4.76 A 

Column means with s imi l a r  Le t t e r s  a r e  not  
s t a t i s t i c a l l y  d i f f e r e n t  a t  t he  0,05 p robab i l i t y  
l eve l ,  Diameter growth means d i f f e r  a t  t h e  0.01 
p robab i l i t y  l eve l .  

Early i n  t he  spr ing  of 1983, hardwood 
stumps on the  thinned p l o t s  began vigorous 
sprouting which continued throughout the growing 
season, Sweetgum, yaupon, red maple (Acer 
rubrum L, ) , and yellow-poplar sp rou t s  were 
dominant. No s i g n i f i c a n t  d i f ferences  were found 
i n  hardwood understory growth among t h e  th inning  
treatments,  Dominant hardwood sprouts  averaged 
51,5 inches i n  he ight ,  wfth approximately 3,500 
sprouting root  c o l l a r s  p e r  acre ,  

Effec t  of Thinning on S o i l  Moisture 

Volumetric Moisture Content 

Average moisture content f o r  each treatment 
a t  t h r ee  s o i l  depths during the  study is  shown 
i n  Figure I .  No s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r ences  were found i n  s o i l  moisture among 
the  treatments a t  any depth. Despite t h i s ,  some 
genera l  t rends  i n  volumetric s o i l  moisture 
content  were observed, F i r s t ,  soil moisture 
deple t ion  was a l ready i n  progress when measure- 



Bents began in Warch, coinciding with increased 
evapotranspiration from warning temperatures and 
initiation of vegetative growth. 

- 200 T P A  
400 TPA 
C O N T R O L  

7.5 FEET 

M O N T H  

Figure I.-- Daily precipitation and average soil 
moisture content under three thinning 
treatments at three depths from March 
6, 1983 through February 26, 1984. 

Soil moisture recharge began in November and 
continued through February in conjunct ion with 
decreased evapotranspirational demands. Soil 
moisture recharge was abrupt, with the soil going 
from the lowest moisture content measured to near 
field capacity in 17 days. Field capacity, 
assumed to be the maxinum moisture content 
observed in the soil (Bay and Boelter 1963), was 
reached in January regardless of treatment. 

Seasonal fluctuations decreased with 
increasing depth in the soil, indicating that 
evapotranspirational demands and effects of 
precipitation were greatest in the upper soil 
horizons, where most roots are concentrated. 
Correspondingly, soil moisture increased with 
increasing depth in the soil during the growing 
season. Seasonal changes in soil moisture were 
found to a depth of 7.5 feet. 

Throughout the growing season, the close 
correlation between rainfall and soil moisture 
status diminished as soil depth increased. It 
was also observed that heavy rains during the 
growing season could dramatically recharge the 
soil, Three heavy rains in mid-September 
recharged upper soil horizons to near field 
capacity. 

Inches of Water in the Soil 

While no differences were found in 
volumetric moisture content at one-foot 
intervals in the soil profile, differences were 
found in the total amount of water in the 
profile to a depth of eight feet (figure 2). 
Soils under plots thinned to 200 TPA contained 
more water than controls during the growing 
season; control plots had significantly less. 
All treatments recharged to approximately the 
same levels in the winter. At field capacity, 
these soils hold about 29 inches of water in the 
upper 8 feet. 
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Figure 2.-- Daily precipitation and average 
total inches of water in the soil to 
a depth of 8 feet for each treatment 
from March 6, 1983 through Feburary 
26, 1984, 

Daily Water Use 

Daily water use from the upper 8 feet of 
soil is illustrated in figure 3. Water use was 
calculated by finding the difference in total 
inches of water between two successive 
measurement dates and adding to this the amount 
of precipitation received on the plots between 
the two measurements. The loss of water was then 
divided by the number of days between 
measurements to give a daily average of soil 
water use, 

Several assumptions must be made when 
calculating water use in this fashion. First, 
rafnfall received at the rain gages accurately 
describes the rainfall falling over the entire 
study area and that all this water enters the 
soil (i.e, no runoff, stemflow, or evaporation). 
Secondly, there is no lateral movement of soil 
water and no vertical movement, up or down, at a 
depth of 8 feet. A final assumption is that the 
moisture gradient between soil depths measured 
changes in a linear fashion, allowing the 
averaging of the measured soil moistures found 
throughout the soil profile. 

How well these assumptions are met is 
unknown; however, heavy rains in April violated 
the first assumption of no runoff. Runoff from 
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Figure 3.-- Daily p r e c i p i t a t i o n  and average d a i l y  
wate r  use  f o r  each t rea tment  from 
March 19, 1983 through February 26, 
1984. 

t h e s e  l a r g e  s torms caused widespread f looding  and 
r e s u l t e d  i n  excess ive  wate r  use  e s t i m a t e s  of 1.00 
inch  p e r  day. Another q u e s t i o n a b l e  per iod  is  
dur ing  December, January ,  and February. Much 
p r e c i p i t a t i o n  was rece ived  dur ing  t h i s  time and 
s o i l s  w e r e  a l r e a d y  recharged t o  f i e l d  capac i ty .  
I n  a d d i t i o n ,  t r e e  growth had ceased,  making d a i l y  
wate r -use  e s t i m a t e s  of 0.14 t o  0.28 i n c h  t o o  
h igh ,  e s p e c i a l l y  s i n c e  t h e  es t imated  maximum 
p o t e n t i a l  wate r  u s e  dur ing  t h e  w i n t e r  f o r  
l o b l o l l y  pine is  0.01 inch  p e r  day (Zahner 1960). 
Most l i k e l y  s u r f a c e  runoff  and subsur face  
d r a i n a g e  were t a k i n g  p lace .  

R u l i n g  ou t  t h e s e  two p e r i o d s ,  maximum water  
use  f l u c t u a t e d  between 0.23 and 0.26 inch  p e r  
day. T h i s  e s t i m a t e  i s  c l o s e  t o  two published 
e s t i m a t e s  f o r  l o b l o l l y  p ine  of 0.24 and 0.25 inch  
by B a s s e t t  (1964) and Zahner (1960), 
r e s p e c t i v e l y .  P e r i o d s  of low wate r  u s e  (0.07 t o  
0.09 i n c h  p e r  day) i n  March, May, August, 
Oc tober ,  and November c o i n c i d e  w i t h  p e r i o d s  of 
low s o i l  moisture.  Average d a i l y  wate r  use  
o b s e r v e d  i n  t h i s  s tudy  dur ing  t h e  growing season 
was 0 .15  inch  p e r  day o r  4.5 i n c h e s  p e r  month. 

Whi le  no d i f f e r e n c e s  were found between 
d a i l y  s o i l  wa te r  u s e  and t r e a t m e n t ,  p l o t s  
h e a v i e s t  thinned had a  g r e a t e r  water-use t o  t r e e  
r a t i o .  This  s u g g e s t s  t h a t  increased  mois ture  i n  
t h e  s o i l  due t o  t h i n n i n g  f u r t h e r  irnpacted t r e e  
growth s i n c e  t h e r e  was more s o i l  wate r  a v a i l a b l e  
on a  p e r - t r e e  b a s i s .  

Converting i n c h e s  t o  volume, t h e  s tudy  a r e a  
l o s t  7,060 g a l l o n s  of wate r  p e r  a c r e  on days 
a v e r a g i n g  l o s s e s  of 0.26 inch.  Making 
assumpt ions  of n e g l i g i b l e  wate r  l o s s  by 
e v a p o r a t i o n  and hardwood s p r o u t s  and uniform 
m o i s t u r e  l o s s  over  p l o t s  by a l l  t r e e s ,  t h i s  
would e q u a l  35 and 18 g a l l o n s  of wate r  p e r  t r e e  
p e r  d a y  on p l o t s  th inned  t o  200 and 400 TPA 
r e s p e c t i v e l y  . 

On days of low wate r  use ( i . e ,  0.07 inch 
p e r  day) ,  l o s s e s  dropped t o  1900 g a l l o n s  p e r  
a c r e  p e r  day, o r  9.5 and 1 . 8  g a l l o n s  p e r  t r e e  
per  day f o r  200 and 400 TPA p l o t s  r e s p e c t i v e l y .  
Since most wate r  i s  l o s t  dur ing  t h e  midday 
hours ,  peak wate r  u s e  p e r  hour would be g r e a t e r ,  
Zahner 's  (1960)  e s t i m a t e  of 100 g a l l o n s  per  hour 
f o r  a  sawlog s i z e  l o b l o f l y  p ine  d u r i n g  peak 
wate r  use  i s  probably r e a l i s t i c ,  mile t h i s  
seems l i k e  a  l a r g e  q u a n t i t y  of w a t e r ,  s o i l s  
under  t h e  s tudy  a r e a  con ta in  more t h a n  314 of a 
m i l l i o n  g a l l o n s  of wate r  p e r  a c r e  i n  t h e  upper 
e i g h t  f e e t  of s o i l  a t  f i e l d  c a p a c i t y ,  

S o i l  Water P o t e n t i a l  

I n  b o t h  Ruston and Savannah s o i l s ,  c l a y s  
e l u v i a t e  domward and accumulate a t  lower d e p t h s ,  
l e a v i n g  h igh  percen tages  of sand i n  t h e  upper  
horizons.  Thus, t h e r e  i s  a s h a r p  drop i n  
mois ture  r e t a i n e d  wi th  i n c r e a s i n g  s u c t i o n  a t  a 
depth of 0.5 f o o t ,  As depth i n  t h e  s o i l  p r o f i l e  
increased  t o  2.5 and 3,5 f e e t ,  t h e  g r e a t e r  
accumulat ion of c l a y  allowed more m o i s t u r e  t o  b e  
r e t a i n e d  a g a i n s t  suc t ion .  

Along w i t h  e v a p o t r a n s p i r a t i o n a l  demands, 
t h i s  e x p l a i n s  some of t h e  temporal v a r i a b i l i t y  
i n  mois ture  observed a t  s o i l  dep ths  of 0.5 and 
1.5 f e e t  and why lower hor izons  remained more 
c o n s t a n t ,  I n  a d d i t i o n ,  i t  h e l p s  i l l u s t r a t e  t h e  
vapid recharge  c a p a c i t y  of t h e s e  s o i l s .  S ince  
t h e  s u r f a c e  hor izons  tend t o  be  sandy, incoming 
p r e c i p i t a t i o n  can r e a d i l y  i n f i l t r a t e  t h e  s o i l ,  
While t h e  c l a y s  below t h e  sandy h o r i z o n s  a r e  
l e s s  permeable, t h e  p r e c i p i t a t i o n ,  once i n  t h e  
s o i l ,  i s  he ld  and allowed t o  s lowly p e r c o l a t e  
downward i n s t e a d  of be ing  l o s t  a s  r u n o f f ,  

F igure  1 shows maximum mois ture  c o n t e n t s  of 
about 18 t o  22 percen t  a t  dep ths  of 0.5 f o o t ,  
T h i s -  corresponds w i t h  a  s u c t i o n  of about  1 / 3  t o  
1 b a r  f o r  Savannah s o i l s  and 113 b a r  f o r  Ruston 
s o i l s .  Minimum v a l u e s  f o r  mois tu re  a t  a  dep th  
of 0.5 f o o t  a r e  about  10 percen t ,  which could 
r e p r e s e n t  a  s u c t i o n  of anywhere between 1 and 15 
b a r s  due t o  t e x t u r a l  v a r i a b i l i t y  of s o i l  samples 
used t o  c o n s t r u c t  t h e  mois ture  r e t e n t i o n  curves ,  
Minimum mois ture  c o n t e n t s  a t  1 ,5 f e e t  were about  
20 p e r c e n t ,  o r  approximately 1 f 3  t o  1 b a r ,  
Moisture c o n t e n t s  a t  dep ths  below 2.5  f e e t  were 
n e a r  f i e l d  c a p a c i t y  year-round. 

Moehring (1966) found t h a t  l o b l o l l y  p fne  
growth slows cons iderab ly  a s  s o i l  wa te r  
p o t e n t i a l  g e t s  below 0.5 b a r ,  s t o p p i n g  growth 
f o r  most t r e e s  a t  3 t o  4 b a r s .  But w h i l e  s o i l s  
a t  dep ths  of 0.5 f o o t  d r i e d  t o  the p o i n t  of 
wate r  s t r e s s  dur ing  t h i s  s tudy ,  l o b l o l l y  p i n e  
h a s  been shown t o  remove l a r g e  q u a n t i t i e s  of 
wate r  t o  dep ths  of s i x  f e e t  dur ing  drought  
(Hoover e t  a l .  1953). It would seem t h a t  
a l though  t r e e s  were s t r e s s e d  i n  t h e  upper  f o o t  
of s o i l ,  t h e  abundant supply of m o i s t u r e  a t  
g r e a t e r  dep ths  would i n d i c a t e  t h a t  s o i l  m o i s t u r e  
was n o t  l i m i t i n g .  However, dur ing  t h e s e  p e r i o d s  
of low s o i l  mois tu re ,  wate r  use  a l s o  decreased ,  
meaning t r e e  growth was n o t  being maximized even 



though soils below 2.5 feet were near field 
capacity, 

CONCLUSIONS 

Plots heaviest thinned had significantly 
more water in the upper eight feet of the soil 
profile than controls, Correspondingly, loblolly 
pine diaaeter growth was greatest. No 
differences were found in height growth, live 
crown ratio change, or hardwood understory sprout 
growth on thinned plots. 

Several soil moisture patterns were 
observed. Soil moisture depletion was in 
progress when measurements began in March and 
generally declined during the growing season, 
reaching its lowest levels in mid-November. 
During the growing season, large storms could 
recharge upper soil horizons to near field 
capacity. Annual soil moisture recharge began at 
the end of November and was rapid. Soils under 
all treatments recharged to approximately the 
same level in the winter. 

Biweekly soil moisture fluctuations were 
greatest in the surface foot of soil and 
decreased with increasing depth in the soil 
profile. In addition, soil moisture generally 
increased with increasing soil depth. 

No differences were found in water use among 
treatments. Maximum water use averaged between 
0.23 and 0.26 inch per day. Plots heaviest 
thinned used more water per tree than lightly 
thinned plots. 

Soil moisture throughout much of the year 
was favorable to tree growth, particularly below 
2.5 feet. However, moisture in the upper foot of 
soil dropped low enough to be limiting to tree 
growth several times during the growing season, 
illustrating the importance of an even 
distribution of rain for soil moisture recharge. 

This research identifies the importance of 
soil water to tree growth and in doing so has 
important irnplications for thinning. While 
thinning to 200 TPA was excessive by conventional 
standards, water use was equal to that of heavier 
stocked plots. In addition, soil water dropped 
low enough to be limiting to tree growth as early 
in the growing season as March, Problems of 
water stress were predominantly in the upper 
foot of soil. Since this is the area of 
greatest root concentration for both pine and 
competing hardwoods, thinning would be more 
effective if conducted in conjuction with 
hardwood control and mnipulative measures airued 
at improving water infiltration and retention in 
the upper soil horizons. 
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I S  PRECIPITATION A USEFEL VARIABLE I N  

1 / MODELING DIAMETER GROWTH OF YELLOW-POPLIIR?- 

2 1 Donald E. Beck- 

Abstract.--Diameter growth of yellow-poplar 
( L i r  iodendron t u l i p  i f  e r a  L. ) was h i g h l y  c o r r e l a t e d  w i t h  pre- 
c i p i t a t i o n  d u r i n g  p o r t i o n s  of t h e  growing season.  R a i n f a l l  
f o r  J u l y ,  measured on s i t e ,  accounted f o r  up t o  98 percen t  
of year-to-year v a r i a t i o n  i n  mean r a d i a l  increment a t  f i v e  
l o c a t i o n s  i n  t h e  Southern Appalachians.  However, c o r r e l a -  
t i o n s  of increment w i t h  publ i shed  r e c o r d s  of r a i n f a l l  
measured a t  t h e  c l o s e s t  Nat iona l  Weather Serv ice  cl imatolog-  
i c a l  s t a t i o n  were weak and no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
The s p a r s e  network of weather s t a t i o n s  and h igh ly  v a r i a b l e  
r a i n f a l l  p a t t e r n s  l i m i t  t h e  u s e f u l n e s s  of publ ished weather 
r e c o r d s  i n  growth modeling. 

Annua l  diameter  growth of t r e e s  f r e q u e n t l y  
v a r i e s  wide ly  from y e a r  t o  year  and p l a c e  t o  p l a c e  
i n  ways t h a t  appear u n r e l a t e d  t o  s t a n d  and s i te  
c o n d i t i o n s .  E f f o r t s  a t  modeling r a d i a l  growth 
w i t h  s t a n d  and s i t e  f a c t o r s  o f t e n  account f o r  h a l f  
o r  less of t h e  t o t a l  v a r i a t i o n .  It has  been shown 
f o r  a  number of s p e c i e s  t h a t  r i n g  wid th  v a r i e s  
w i t h  s e v e r a l  wea ther - re la ted  v a r i a b l e s ,  p a r t i c u -  
l a r l y  growing season r a i n f a l l .  I n  t h e  Southern 
Appalach ians ,  r a i n f a l l  i s  extremely v a r i a b l e  and 
could a c c o u n t  f o r  some of t h e  observed v a r i a t i o n s  
i n  g rowth .  Adjustment of growth d a t a  f o r  weather 
c o n d i t i o n s  could improve growth p r o j e c t i o n s  a s  
w e l l  a s  models of t h e  r e a l  e f f e c t s  of s i t e ,  s t a n d ,  
and t r e a t m e n t  v a r i a b l e s .  

The o b j e c t i v e s  of t h e  s tudy  descr ibed  here  
were (1) t o  q u a n t i f y  t h e  r e l a t i o n s h i p  of r a d i a l  
growth o f  yellow-poplar t o  growing season  r a i n f a l l  
measured o n - s i t e ,  and ( 2 )  t o  determine t h e  s u i t -  
a b i l i t y  of publ i shed  r e c o r d s  from t h e  c l o s e s t  
N a t i o n a l  Weather S e r v i c e  (WS) c l i m a t o l o g i c a l  
s t a t i o n  a s  a  s u b s t i t u t e  f o r  on-s i t e  measurements. 

I /  Paper p resen ted  a t  Third B i e n n i a l  Southern 
~ i l v i & l t u r a l  Research Conference, A t l a n t a ,  GA, 
November 7-8, 1984. 

21  P r i n c i p a l  S i l v i c u l t u r i s t ,  USDA F o r e s t  - 
S e r v i c e ,  Southeas te rn  F o r e s t  Experiment S t a t i o n ,  
A s h e v i l l e ,  NC. 

METHODS 

The s tudy  was conducted i n  t h e  Southern 
Appalachians sou th  of A s h e v i l l e ,  N . C .  Standard 
r a i n  gauges were i n s t a l l e d  i n  f i v e  yellow-poplar 
s t a n d s  t h a t  con ta ined  long-term growth p l o t s  
(Beck and Della-Bianca 1970). P r e c i p i t a t i o n  was 
measured weekly f o r  5 y e a r s ,  except  f o r  some 
p e r i o d s  i n  December and January when a c c e s s  was 
l i m i t e d  due t o  i c e  and snow. E l e v a t i o n  of t h e  
s tudy  l o c a t i o n s  ranged from 2,750 t o  2,800 f e e t .  
S o i l s  were deep c o l l u v i a l s ,  mostly o f  t h e  
Tusquitee s e r i e s  w i t h  concave s u r f a c e  shape on 
s l o p e s  of 20 t o  30 p e r c e n t .  S o i l s  were deep ( i n  
excess  of 55") w i t h  A hor izons  of 10 o r  more 
inches .  Textures  were predominantly loams w i t h  
some l i g h t  clay-loams i n  B hor izons .  A v a i l a b l e  
water  i n  t h e  top  20 inches  of s o i l  ranged from 
3.2 t o  4 . 2  inches .  

Increment c o r e s  were taken  from 635 t r e e s  on 
t h e  permanent growth p l o t s  a t  t h e  f i v e  l o c a t i o n s  
i n  o r d e r  t o  measure annual  growth d u r i n g  t h e  5 
y e a r s  i n  which p r e c i p i t a t i o n  was observed.  I n  
a d d i t i o n ,  dendrometer bands were i n s t a l l e d  on 20 
t r e e s  a t  each l o c a t i o n  and r e a d  weekly d u r i n g  two 
growing seasons t o  e s t a b l i s h  seasona l  growth 
p a t t e r n s .  

Addi t iona l  r a i n f a l l  r e c o r d s  were o b t a i n e d  
from t h e  permanent NWS s t a t i o n  a t  t h e  Bent Creek 
Experimental  F o r e s t  headquar te r s  (BCHQ). This  
s t a t i o n ' s  e l e v a t i o n  i s  2,200 f e e t .  The f i v e  
growth l o c a t i o n s  a r e  2.1 t o  8 . 4  mi les  southwest  
of t h e  Nr?S s t a t i o n .  

C o r r e l a t i o n  and r e g r e s s i o n  a n a l y s i s ,  t o g e t h e r  
w i t h  e x t e n s i v e  p l o t t i n g  of t h e  d a t a ,  were used t o  
examine t h e  r e l a t i o n s h i p s  between annual  r a d i a l  
growth and v a r i o u s  express ions  of p r e c i p i t a t i o n .  



RESULTS AND DLSCUSSIOK 

On-f i t e  Analys i s  

Seasonal growth t r e n d s  for all t r e e s  com- 
bined are shssm i n  f i g u r e  1. Growth began i n  very 
l a t e  A p r i l  and was completed i n  e a r l y  September. 
Dm-th i rds  of t o t a l  growth occurred i n  June and 
July, and 80 p r c e n t  o f  annual  growth was corn- 
p l e t e d  by t h e  end of July. Based on t h e s e  ob- 
s e r v a t i o n s  i t  seems Logical  t h a t  mois tu re  
r e l a t i o n s h i p s  from l a t e  s p r i n g  through midsmmer 
would be most impor tan t .  

MAY JUNE JULY AUG. SEPT. 
MONTH 

Figure 1 . - -Dis t r ibu t ion  of s e a s o n a l  growth. 

Simple c o r r e l a t i o n s  were determined between 
mean r a d i a l  increment a t  each  l o c a t i o n  and pre- 
c i p i t a t i o n  by i n d i v i d u a l  months and combinations 
of months p reced ing  and d u r i n g  t h e  growing season.  
Seasonal  t o t a l s  of p r e c i p i t a t i o n  and p a r t i a l  
s e a s o n a l  t o t a l s  t h a t  have been i s o l a t e d  i n  o t h e r  
s t u d i e s  were s u r p r i s i n g l y  n o n s i g n i f i c a n t .  The 
only c o n s i s t e n t l y  s i g n i f i c a n t  c o r r e l a t i o n  was f o r  
J u l y  r a L ~ f a l l .  The l i n e a r  model 

Increment = b + bl ( J u l y  r a i n f a l l )  (equa t ion  1) 
0 

was f i t  t o  t h e  d a t a  by s t a t i o n .  With t h e  excep- 
t i o n  of l o c a t i o n  I ,  July r a i n f a l l  accounted f o r  
a m a j o r i t y  of year-to-year v a r i a t i o n  i n  mean 
r a d i a l  increment ( t a b l e  I ) .  Examination of 
r e s i d u a l s  f o r  l o c a t i o n  I showed t h a t  d e v i a t i o n s  
from t h e  r e g r e s s i o n  could be exp la ined  by t h e  
p a t t e r n  of June r a i n f a l l .  Apparently June r a i n -  
f a l l  becomes important  when h igh  June r a i n f a l l  
is coupled w i t h  low r a i n f a l l  i n  J u l y .  If, 
however, J u l y  r a i n f a l l  was normal o r  above, June 
r a i n f a l l  had l i t t l e  e f f e c t  on growth. Incorpora-  
t i o n  of  t h i s  in format ion  i n t o  t h e  model 

Increment = b + b ( Ju ly  r a i n f a l l )  
0 1 

4" b~ (equa t ion  2) 

r e s u l t e d  i n  d ramat ic  improvement i n  t h e  f i t  f o r  
l o c a t i o n  1 ( t a b l e  I). There was s l i g h t ,  bu t  
n o n s i g n i f i c a n t ,  improvements a t  t h e  o t h e r  four  
l o c a t i o n s .  

2 
Table 1.--Coeff icients  of de te rmina t ion  (R ) ,  

mean square  e r r o r  (MSE), and c o e f f i c i e n t  of 
v a r i a t i o n  (CV) , f o r  increment r e g r e s s i o n s  

Locat i o n  
and s t a t i s t i c  Model 1 Model 2 Model 3 

S t a t i o n  1 

R2 
MSE 
CV 

S t a t i o n  2 

R 
MSE 
CV 

S t a t i o n  3 

R2 
MSE 
CV 

S t a t i o n  4 

R 
MSE 
CV 

S t a t i o n  5 

R~ .7912 .8813 .4982 
HSE .0065 .0062 .0103 
CV 6.71 6.34 10.64 

The demonstrated r e l a t i o n s h i p  between incrq-  
ment and r a i n f a l l  can be l o g i c a l l y  exp la ined  i n  
terms of a v a i l a b l e  mois ture  dur ing  t h e  per iod  of 
growth. Consider f i g u r e  2,  which compares 
Thornthwaite 's  (Thornthwaite and Mather 1355) 
monthly P o t e n t i a l  Evapot ransp i ra t ion  (PE) t o  pre-  
c i p i t a t i o n  under normal c o n d i t i o n s  i n  t h e  s t u d y  
a r e a .  Under normal c i rcumstances ,  p r e c i p i t a t i o n  
s u b s t a n t i a l l y  exceeds PE u n t i l  t h e  month of June.  
Even under t h e  d r i e s t  c o n d i t i o n  dur ing  t h e  5-year 
s tudy  p e r i o d ,  r a i n f a l l  exceeded normal PE i n  l a t e  
s p r i n g  s o  t h a t  s o i l s  were f u l l y  charged going 
i n t o  thk per iod  of r a p i d  growth i n  June. Given 
t h e  r e l a t i v e l y  l a r g e  water-holding c a p a c i t y  of 
t h e  deep s o i l s  involved ,  l e v e l  of r a i n  i n  June 
had l i t t l e  e f f e c t  on growth dur ing  June. I f  J u l y  
r a i n f a l l  w a s  adequa te ,  t h e  amount of June r a i n -  
f a l l  had l i t t l e  e f f e c t  on s e a s o n a l  growth. On 
t h e  o t h e r  hand, h igh  June r a i n f a l l  r e s u l t e d  i n  
f u l l y  charged s o i l s  going i n t o  J u l y  and was a b l e  
t o  compensate somewhat f o r  low r a i n f a l l  i n  J u l y .  



Table 2.--July r a i n f a l l  f o r  s tudy l o c a t i o n s  and 
weather  s t a t i o n  (BCIIQ) 

PRECIPlTATlON 

+-+ POTENTIAL EVAPOTRANSPIRATION 

- 
J F M A M J J A S O N D  

MONTH 

Figure  2.--Normal p r e c i p i t a t i o n  and evapotrans-  
p i r a t i o n  f o r  t h e  g e n e r a l  s tudy  a r e a .  

August r a i n f a l l  was of l i t t l e  consequence. 
I n  f a c t ,  t h e  h i g h e s t  August r a i n f a l l  occurred i n  
t h e  y e a r  of minimum increment .  By August, wa te r  
demands have s lackened and t h e  p r o p o r t i o n  of 
s e a s o n a l  growth o c c u r r i n g  i n  August i s  smal l .  

T o t a l  p r e c i p i t a t i o n  f o r  t h e  growing season-- 
May t h r o u g h  August, was v e r y  poor ly  c o r r e l a t e d  
w i t h  increment .  High s e a s o n a l  t o t a l s  i n f l a t e d  by 
h igh  r a i n f a l l  i n  June o r  August occurred i n  y e a r s  
when increment  was lowest .  Th is  f i n d i n g  is  
c o n t r a r y  t o  t h a t  r e p o r t e d  by Tryon e t  a l .  (1957) 
f o r  yel low-poplar  i n  West V i r g i n i a ;  they  found 
t h a t  s e a s o n a l  t o t a l s  which included bo th  June 
and August were h i g h l y  c o r r e l a t e d  w i t h  r a d i a l  
increment  . 

Nearest NtJS S t a t i o n  Analys i s  

In growth model development, a r e  r e c o r d s  
from the n e a r e s t  NWS s t a t i o n  a  reasonable  sub- 
s t i t u t e  f o r  on-s i t e  r e c o r d s ?  I n  t a b l e  1, model 3 
was o b t a i n e d  by s u b s t i t u t i n g  NWS r e c o r d s  from 
BCHQ f o r  on-s i t e  measurements. I n  a l l  c a s e s ,  t h e  
e q u a t i o n s  a r e  s u b s t a n t i a l l y  poorer  than  t h o s e  
developed from o n - s i t e  measurements, 

A s  can be seen  from t a b l e  2 ,  J u l y  r a i n f a l l  
a t  BCHQ i s  poor ly  r e l a t e d  t o  r a i n f a l l  a t  t h e  f i v e  
s tudy  l o c a t i o n s .  It i s  e v i d e n t  t h a t  BCHQ i s  n o t  
a  good index of r a i n f a l l  t r e n d s  a t  any one 
l o c a t i o n  from y e a r  t o  y e a r .  It can a l s o  be seen  
t h a t  t h e  axiom t h a t  r a i n f a l l  i n c r e a s e s  by a  s e t  
amount f o r  each  increment  i n  e l e v a t i o n  is n o t  
t e n a b l e  f o r  t h e s e  d a t a .  A l l  f i v e  l o c a t i o n s  were 
a t  a b o u t  t h e  same e l e v a t i o n ,  b u t  t h e i r  r a i n f a l l  
d i f f e r e d  cons iderab ly .  R e l a t i o n s h i p s  developed 
on broad  averages by y e a r  and p l a c e  a p p a r e n t l y  
apply p o o r l y  t o  s h o r t  t ime  p e r i o d s  and s p e c i f i c  
l o c a t i o n s ,  

Year 

Locat ion  1 2 3 4 5 

1 6.09 4 .78  2.46 2 .45  1 .31  
2 9.15 5.91 3.90 1 . 8 4  2.27 
3 7.96 5.10 3.52 2.46 2-01 
4 9.46 6.28 6.12 5.89 1.97 
5 9.65 6.19 6.39 5.97 1.47 
BCHQ 4.28 4.13 4.87 1.36 1 .34  

S W Y  AND CONCLUSIONS 

Annual r a d i a l  increment of yel low-poplar  a t  
f i v e  l o c a t i o n s  i n  t h e  Southern Appalachians was 
h i g h l y  c o r r e l a t e d  w i t h  J u l y  r a i n f a l l  and t h e  
q u o t i e n t  of June t o  J u l y  r a i n f a l l .  The demonstrated 
r e l a t i o n s h i p  is  b i o l o g i c a l l y  reasonable  i n  t e rms  of  
mois tu re  ba lance  dur ing  p e r i o d s  of growth accumula- 
t i o n .  The cavea t  i s  t h a t  r a i n f a l l  was measured 
on-s i t e .  I n c o r p o r a t i o n  of t h i s  i n c r e m e n t - r a i n f a l l  
r e l a t i o n s h i p  i n  growth modeling should improve 
parameter e s t i m a t e s  and growth p r o j e c t i o n s .  One 
should be aware, however, t h a t  t h e  r e l a t i o n s h i p  
developed is  time-, place- ,  and s p e c i e s - s p e c i f i c .  
Other s i t u a t i o n s  may w e l l  r e q u i r e  v a s t l y  d i f f e r e n t  
models. This  conc lus ion  is  ev iden t  from t h e  range 
of models t h a t  have been developed i n  t h e  p a s t .  

R a i n f a l l  a t  a  nearby NWS c l i m a t o l o g i c a l  s t a t i o n  
proved t o  be a  poor s u b s t i t u t e  f o r  o n - s i t e  measure- 
ments. R a i n f a l l  a t  t h e  NWS s t a t i o n  was n o t  i n d i c a -  
t i v e  of t h a t  a t  t h e  f i v e  s tudy l o c a t i o n s ,  and 
~ o r r e ~ l a t i o n s  w i t h  r a d i a l  increment were n o t  s i g n i f i -  
c a n t .  Highly v a r i a b l e  r a i n f a l l  p a t t e r n s  and t h e  
t h i n  network of permanent weather s t a t i o n s  l i m i t  t h e  
u s e f u l n e s s  of publ i shed  r e c o r d s  i n  growth a n a l y s e s .  
I f  t h e  demonstrated r e l a t i o n s h i p s  between increment  
and r a i n f a l l  a r e  t o  be used i n  growth modeling, 
t h e r e  w i l l  have t o  be b e t t e r  a lgor i thms  developed t o  
e s t i m a t e  r a i n f a l l  d i s t r i b u t i o n  o r  s t a t i o n s  . w i l l  have 
t o  be e s t a b l i s h e d  a t  s tudy  l o c a t i o n s .  
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and 

Abstrsct . - - P ~ t r i e c t s  I n  storm runoff from f i v e  feres ted  
-~axersheds i n  t h e  Ozark Zighlands o f  Arkansas were moritored, 
3ne watershed was l i g h t l y  thinned,  one was noderately thinned,  
and th ree  vere l e f t  mdis t7zbed.  I?u%rients o r  chemical prop- 
e r z i e s  moniscred LneZuderji: P, K, Ca, Fe , Ka, NH -17, Mg, &In, 
NCI3 "COD, an3 HCO;. Tmbid i ty  , pH, and speci f  ic3eond.~ctance 
were 2150 e7aluatdd. Thinzing t r e a t m a t s  i d  not generally 
influence nu t r i en t  l eve l s  i n  rxof f ,  

Torested areas are generally the  sources of  
t h e  na t ion ' s  highest qua l i ty  water  o or be ti; , e t  a l  
1318; Douglass 197'4; Stone 1917). The chemical 
and physical  prcpert  i e s  o f  water corning from these  
areas a re  t h e  r e s ~ l t  of natural and man-made fac- 
t o r s .  2fen withou"inan' s i rherference  , wirii"LtTlons 
i n  water qua l i ty  occur l a rge lg  as a r e s u l t  o f  var- 
i a t ions  i n  p r e c i p i t a t i o ~ ,  vegetati.cn, and s o i l s .  
Man's a c t i v i t i e s  i n  a watershed xiiy a f fec t  a l l  
tPzee of these  f a c t s r s  (Douglass and Swank 1915; 
Stone 1977). 

Kutriezit l eve l s  fa stlrface waters a re  becon- 
ing  an increasingly ilriportant water-quality con- 
sidera-kicn i n  rnanaging streams and l skes .  &ces- 
ses of cel-eain nutrieri ts  can greaf ly  decrease t h e  
productivity of stream and lakes f o r  aquatic 
orgacisxs and /o r  create  ~ r o b l e m s  v k e ~  Taxer Is  
xsed f o r  x u n i c i ~ a l  , inCI~istr ial ,  or a g r i c - d t u r a i  
purposes. Exzessive losses of c - k r i e n t s  i n  run- 
o f t  frorr;, w~tersherls  reduce t h e  prcduczive pcten- 
z i a l  of soils for growing crDps, 

L J - Faper presented a t  Third Biennial Southern 
SiLvLcu?_C,ure Research Conference, At lanta ,  SA, 
Tiorember 7-8, rgE4, 

21 - The authors are, r e s~ec t iy re ly ,  S u ~ e r v i s c r y  
Researc3 Forester  , Research Fores ter ,  Soathern 

erirnent Sta$ioc,  830  air-riew S t r e e t ,  
Faye t t ev i l l e ,  Rq, and Assistant  Professor,  Univer- 
s i t y  of k k a n s a s ,  DeparLment of Agronomy, Pilyette- 
v i l l e ,  &9. 

The object ives  of t h i s  repor t  a re  t o  present 
basel ine  d s ~ a  on n -a r i en t  Levels i n  runoff from 
r e l e t  i ve iy  -mdisturbed hardwood fo res t s  and from 
areas subJected t c j  Light and medium thinning 
tre%jtrr,ents. 

The 5 watersheds used i n  t h i s  study a re  loca- 
t e d  i n  north-central  &kansas on the  Eenry R. Koen 
Experiraental Fores-t south of Harrison, AR. They 
hi?,-,re aspects ra2ging from northeast  t o  sou-ch and 
west. %"r;ree of t h e  wc;dersheds, WS-1, WS-2, and 
$13-3, a re  az jaceat  and are  5.17, 5.76, and 4 -29 

9 .  acres In s l z e ,  respect ively .  The other two, WS-5 
azd WS-6, are 16.20 and 93-54 acres I n  size an3 
a r e  withLn 3 / h  r i l e  o f  t k r  th ree  slnaller cateh- 
~ e n t  s . hydrologic charactsrf  s t  i e s  of WS-l , WS-2, 
an6 KS-3 were &revio.lsiy r e p r t e d  ty Fogersec 
!1376). Zlevations of t k e  5 watersheds range from 
~ p ~ r o x i n a t e l y  1 , O C B  t o  L ,525 feet  and slopes a r e  
abcut 25 50 33 :erceTit,. 

Smxers are wars; i n  t h e  s5~d.y e rea ,  -2ith July tern- 
peratwes averaging 78.6'7. Wiaters are moderately 
egld ,  with a Jantlary a7erage t enpera t - ae  of  38.6'~. 
Mean a~nual ?;eliiperat.ure f o r  -,be area i s  58.3'3'. 
The average growing seasoc is  abcu-t 113 days Long, 
las5ing from a b o x  15 -50 Cctober 2%. Long- 
t e m ~  average arnual p r e e i p i t s t i o a  f o r  zbe region i s  
abou.; 45 inches (u.S. De~artrner;l; cf Commerce 1982). 
A b o s t  all. of t h e  precipita-kion i s  r a i n ,  but l i g h t  



snow u s u a l l ~  fells a fey ",irr,es each winker. *e- 
ripiTa'r; ioz I s  dis?;ribi:ted f a i r l y  evezl;r ~ h r a ~ ~ g h -  
o1jx ~ ; k e  ;rear, al;=kcit;g'ri f&qJ- and 3ilne iieve sligh",ly 
per;",r a ~ i 3 a n t s  arid Decenker acd Zarzzary sligk-kly 
Lesser i?,"io-~~ts %ken ~ t h e r  xonths. 

S r i L l s  Ir, tke wsiters'rieds -$ere prlr;elpalP; 
ft;me& f r s ~  lirr,es$ose and e k e r t y - l i ~ e s t o a e  parent 
m a t e r i a i s .  !vIa?or soils i mc;ude the  Soark, Clarks- 
v i l l e ,  Iicjlro, and. Arhana s e r i e s  jFoYikes e& al 
1985;. Yoark s o i l s  are e l e s s i f i e d  as clayey- 
ske3ete, l ,  mixed, mesic Typic Falea4ults  c2d have 
modera-bely pemiea2,kle, well-&aiced, cherty s l l t  
loam s u f a c e  s o i l s .  C!1;~rksviLle soils are ismL:[- 
skele%al, s i l i ceous  , ~ e s i e  T.yyic Pale~duL%s a ~ d  
m e  deep, very cher ty ,  somewhat excessiveiy d z e i ~ -  
ed, and moderately permeable, The J c o ~ ~ o n l ; l r  ccelrr 
on s t e e r ;  s ide  slopes and ridges. Soi l s  c l a s s i f i e d  
a s  Koko are  13wiy-skeletal, mixed, rriesic Li5hic 
H&t~Pa&olls and a re  veil-drained,  ~oderate3.y per- 
meable with .aery stcny 8wfaee  l aye r s ,  &kana 
s o i l s  e r e  c l a s s i f i e d  as  very f i n e ,  ~ i x e d ,  m s i c  
Mo1lic Bapludalfs. These s c i l s  a re  moderately 
deep a n d  very slowly permeable s o i h  that formed 
from c h e r t y  limestone parext mater ia l .  The Boark 
and C l a r k s v i l i e  s e r i e s  are  t h e  nost cornion s e r i e s  
on a l l  5 watersheds. The pE of the s-=face layers  
of t h e  Noark a,rd Clarksvi l le  soiLs ranges from 
4.5 t o  6.5. In tho  Moko and Arkand s o i l s ,  the  
FB r anges  from 6.6 t o  1.8. Vegetative cover oc 
t hese  s o i l s  i s  usuail_y t r e e s  o r  grasses ,  krhieh rriay 
in f luence  pH l eve l s .  

Overstory -.regetation ori t h e  watersheds car: 
be c l a s s i f i e d  as mixed hardwoods and consis ts  
~ r i n c i p a l l y  of white oak ( ~ u e r c u s  alba L. ) , red  
oak ( Q. Rubra L. ) , southern red  o a z .  f a l c a t a  
Michx. ), black oak ($. velut ina  La%. 1, vh i t e  ash 
( f i a x i n u s  arnericana L . ) , various h ickcr les  ! ~ a r y a  
SP?. ) , and l e s s  frequentl-J encountered black wal- 

L. 1, eas te rn  redcedar (;uniper- 
i u s  v i r g i n i a n a  L.  ) , sbor t ieaf  pine (pinus echina%a - 
M i l l .  ) , and black cherry (~"r-mus se ro t ina  Br'n. ) . 
Frimry understory species  include dcgyood (cornus 
f l o r i d a  L. ), irocvood (0s t rya  . . .  &!ill. 1 , 
and va r ious  ehs (~Irnus  spp. ) . 

Stems petit-er than 2.5 inches d.b.k, everaged 
338 per acre on the  th ree  smaller catchments. 
Abc& 50 percent of these stems were saplings (2.5 
t o  4.5 inches d.b.h.1, 38 percent were pole tio;Fer 
(4 .5  to 10.5 inches cl.b,h,j, and 1 2  percect  were 
sawtimber (g rea te r  %ban 13.5 inches d .b , i ; , ) ,  
Basal a r e a  meraged g l  .::! f tL /ac re .  Saplings ac- 
co-mted f o r  12 perce2-i; of t h e  basal a rea ,  p i e  
~ i m ' e r  fo r  37 percent ,  acd s~-&ln:'ber f o r  5L ger- 
cent.  Idore than ha l f  t h e  stems were oaks and 
they accom5ed f o r  two-thirds of t h e  basal area. 

Two sf t h e  small catcel-rreents , WS-L and WS-3, 
were th inned i n  May of 1979 t o  68 percent mid 46 
percent  r e l a t i v e  stocking density ( ~ i n g r i c h  1967) , 
r e s p c t i v e l y .  Residile.1 basa l  areas  were approxi- 
m a t e 3  60 square f e e t  on WS-L and 40 square feet 
on WS-3. Thicning was done f a v o r i ~ g  the bigher- 
q u a l i t y  oaks as res idue1 stenzs i n  both the over- 
and w d e r s t o r i e s  . Also, small, uqdesirable 

ssecies  were eeadered - w i t %  kerbLcide t o  r e & ~ c e  
comgeziticn f o r  t t e  rnore Aesirable sgec ies .  Smaller 
caks were severed se&r cke grcmd to provide s p r ~ i r t  
r e g e c e r a t  ion. Begetztion ss WS-2, Cis-5, and 14s-6 
w a s  coz disturbed. 

Fie ld  Xea~-~ezxmSs 

R-moff from t h e  3 s~aller ~x&zersheds (323-1, 
IS -2 ,  and WS-3) w a s  measured using 2-Fost B-fltimes, 
vh i l e  3-?cot H-flues were used on WS-5 and wS-6. 
Depth of f l ~ w  i n  t h e  fkkmes was measured with FG-5 
water l e v e l  recorhers and converted t o  volurae. 
Bearly a l l  o f  t k e  runoff is these  ephenaeral flowing 
streams o r ig ina te s  as  subsurface flow. 

One-liter water samples au tona t i ca l ly  
col lec ted  a t s t a g e  keights of 0.05, 0 -10, 0.20, 
0.30, 0.50, 0.15, and 1.00 f e e t  i n  t h e  fPi*n;es. 
These s tages  represent ,  respect ively ,  discharge 
r a t e s  of 0.01, 0.03,  0.11, 0.23, 0.62,  l , k 2 ,  and 
2.51 cubic f e e t  per second fo r  the  3-foot flumes 
and 8.007, 0.02, 0.08, 0.28, 0.51, 1.20 and 2.25 
cubic f e e t  per  second fo r  t h e  2-foot flumes. The 
techniqm developed by Sartz and Cur t is  (1967) 
zllcws s a q p l i ~ g  during the  r i s i a g  stages only and 
prevenfs purging a f t e r  col lec t ion.  Smples  were 
usually, but not always, col lec ted  at t h e  same 
stage heights i n  a given runoff-producing storm. 
Date of storm was recorded f o r  each sample. Sam- 
ples  were picked 2~ a s  soon as possible a f t e r  each 
runoff-producing s t o m  and were s tored i n  a r e f r i g -  
e ra to r  o r  f reezer  u n t i l  analyses could be performed. 

Laboratory Analyses 

A l l  laboratory analyses and measurements were 
perforaed by t h e  Universi ty of Pskansas S o i l  Test- 
ing  Laboratory, using standard methods (u. s . En- 
virormental Protection Agency 1916; American Public 
Xeaith Association 1380). Analyses of a l l  individ- 
u a l  elements were not made throughout t h e  e n t i r e  
study period due t o  Lack of avai lable  analytical 
e q . i p e r ; t  o r  t o  in su f f i c i en t  quant i ty  of water 
col lec ted .  Analyses were made on u n f i l t e r e d  
samples . 

The foilowing determinations were made f o r  
each s a p l e ,  except where saaple quant i t iee  were 
i n s u f f i c i e n t :  pH, i ron  (~e), manganese (En ) ,  t o t a l  
phcsphorus (P) , potsssial: (K) , calcium ( ~ a ) ,  mag- 
cesiim (14jlg) , sodim (Ka) , chezicai  cwgen $emand 
(c~D), hardness, anmania s i t rogen (13~ -E) ,  n i t r a k  
(30-) , carbonate (CQ-) , bicarbonate (2~0-) , s?ec i f i c  
conauctmce, and t u r g i d i t y ,  ~11  data  arJ given i n  
milligrzms per L i t e r  ( m g / l ) .  Specif i c  conductance 
i s  repor tea  i n  m\os/cm at 2 ~ ~ 6 ,  and t u r b i d i t y  i s  
reporLed i n  cepheLonetrie t m b i d i t y  & i t s  ( ~ T u ) .  

S t a t i s t i c a l  h a l y s e s  

The water smple data were s 
groups r e l a t i n g  t o  time periods,  the, f i r s t  of whick 
ex-beaded from 1973 t o  ea r ly  1979 ( the  pretreatme& 



per iod)  and t'ne secozd of  wkich extezided from 1979 
i n t o  1982 ( t h e  p o s t t r e a t ~ e n t  ~ e r i o d ) .  These 
g r o u ~ ~ s  were analyzed separfitel-J because t hey  rep- 
resented  t h e  break poin t  between t h e  pretreat3en-i; 
da t a  asd t h m  co l l ec t ed  fol lowing t h e  1979 t r e a t -  
mentLs ' k i n g  eval-dated ir, t h i s  s tzdy .  3ata s e t s  
from koth groups were ccrsbined %o provize o v e r a l l  
means i f  t h e r e  were no s i g n i f i c a n t  d i f f e r ences  
c;tt r i b u t a b l e  $0 v a r i a t  i oc s  mAccg vat e r  skeds an2 
seasons (aonths ) . There were labora tory  analyses 
i n  t h e  second grsxp t h a t  could not be pe r fomea  
e a r l i e r  due t o  lack of  equipment;. 

rn  he experimental design c a l l e d  f o r  a s p l i t -  

p lo t  in- t  ime anap j s i s  , hut an e l te rna tTve  ana lys i s  
was used because of  -anbalanced da ta .  Thus, s t a -  
t i s t i c a l  analyses shoirld be regarded a s  approxi- 
mate. The s t a t i s t i c a l  ana lyses  were perforxed 
using t h e  General Linear Models Procedure provi- 
ded by S t a t i s t i c a l  Analysis System I n s t i t u t e  , 
Inc. (1979). Each of  t h e  measured f a c t o r s  was 
considered t o  be t h e  dependent va r i ab l e  i n  t h e  
analyses.  The model included watershed; month 
t h a t  samples were co l l ec t ed ,  which a r e  f i xed  
f ac to r s  ; and t h e  wat ershed-month i n t e r a c t  ion.  
Data from each storm runoff  event provided r e p l i -  
ca t ion .  The ana lys i s  of  var iance  provided "F" 
values and s ign i f i cance  p robab i l i t y  f o r  t h e  model 
and i t s  sources of  va r i a t i on .  Only s t a t i s t i c a l  
p r o b a b i l i t i e s  of  0.01 o r  l e s s  were considered 
s i g n i f i c a n t  i n  a l l  t e s t s .  Differences between 
neans were t e s t e d  using a l e a s t  s i gn i f i can t  d i f -  
ference procedure f o r  unequal r e p l i c a t i o n  ( S t e e l  
and Torr ie  1960 ) . 

RESULTS ABD DISCUSSION 

Severa l  f a c t o r s  a f f e c t i n g  i n t e r p r e t a t i o n  of  
r e s u l t s  should be kept i n  mind. F i r s t ,  due t o  
p r e c i p i t a t i o n  pa t t e rns ,  t h e r e  may be l i t t l e  o r  no 
runoff  from these  ephemeral s t r eams  i n  a given 
month compared with t h e  szune month i n  another 
year.  A s i m i l a r  v a r i a t i o n  among seasons acd years  
i s  c h a r a c t e r i s t i c  of  runoff  pa t t e rns .  Second, 
t h e r e  a r e  some inhe renud i f f e r ences  i n  runoff  
response among watersheds t h a t  a f f ec t  s m p l i n g  
frequency. Watersheds MS-3 and 1.75-5 provided t h e  
l a r g e s t  n7mber of runoff samples. Third,  ante-  
cedent s o i l  moisture a f f e c t s  t h e  amount of  runoff  
and t h e r e f o r e  t h e  mount of  leaching  t h a t  t akes  
place i n  response t o  a storm. Thus, previous 
leaching  may cause changes i n  nu t r i en t  concentra- 
t i o n s  o r  o the r  chemical and phys ica l  p rope r t i e s  
of  s t o m  runof?" Iu'utriellt r e l ea se  i s  h~own t o  be 
a f f ec t ed  by s o i l  moisture and s o i l  terzperature 
( ~ r i t c h e t t  and Wells 1.978 ) . 

The r a t h e r  high v a r i a t i o n s  i n  d a t a ,  due t o  
previously mentioned f a c t o r s ,  tended t o  mask any 
p o t e n t i a l  changes i~ n u t r i e n t  l e v e l s  associa ted  
wi th  t h e  t h inn ing  t rea tments .  Analyses of pre- 
t reatment da t a  o f t en  showed s i g n i f i c a n t  d i f ferences  
among watersheds, seasons (aonths ! , and. t h e  water- 
shed-month i n t e r a c t i o n .  Where t h e r e  were no d i f -  
ferences among watershed means, o r  where p re t r ea t -  
ment means were s i g n i f i c a n t l y  d i f f e r e n t ,  averages 

of  a l l  d a t a  were ca l cu l a t ed  f o r  t h e  1973-1982 o r  
o the r  aoplicstble time ps i03  (!Fable I) .  

T a b l e  l. --PP~rerage n u t r i e n t  coxer1trr;tions i n  runoff  
from Ozark watersheds (1973-1982) 

2 , ~ a s e d  on 1973-1975 da ta .  
- Based on 1975-1982 da ta .  
' ~ a s e d  on 1977-1982 da ta .  

Most of  t h e  n u t r i e n t  values were r e l a t i v e l y  
l ox  and were s imi l a r  t o  those  from t h e  Ouachita 
Mountain Region of Arkansas (~awson  and Hileman 
1982).  Considerable v a r i a t i o n  i n  mean nu t r i en t  
l e v e l s  occurred among watersheds ( f i g s .  1, 2 ,  and 
3). 

i 2 3 5 6  1 2 3 5 6  1 2 3 5 6  I 2 3 5 6  

Watershed 

Figure l . --Average concentrat  ions  of  Fe , F, Mg , 
and Ivln ir,  runoff from Ozark watersheds 
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Figure 2. --Average concentrations of NH -N,  NO- 
Na, and K i n  runoff from Ozark watersaeds 

3' 
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Figure 3. --Average concent r a t  ions of Ca, hardness, 
HCO;, and COD i n  runoff from Ozark watersheds 

Watershed WS-3 tended t o  have lower Mg and P lev- 
e l s ,  wh i l e  WS-3 and WS-5 had higher Fe l eve l s .  
Manganese and Ha concentrations were s imi lar  among 
watersheds. Watersheds WS-3 and WS-6 had t h e  
highest  l eve l s  of Ca , bicarbonate (Hi70 ) , and t o t a l  
hardness.  These d i f ferences  are  belieaed t o  re-  
f l e c t  v a r i a t i o n s  i n  s o i l  parent mater ia ls  i n  t h e  
wa;tersbeds. Watershed YS-6 especia l ly  has a sab- 
s t a n t i a l  a rea  of  Moko s o i l s  i n  t h e  lower part of 
the  watershed with some outcrops of limestone. 
These s o i l s  a re  known t o  have higher pH l e v e l s  i n  
t h e  upper  horizons (Fowlkes, e t  a 1  1985). High 
bicarbonate  l eve l s  a r e  consis tent  with t h e  mineral- 
i z a t i o n  of limestone. me more unstable CO--was 
not de tec ted  i n  analys is  of numerow samplez. The 
l eve l s  o f  HCO found i n  t h i s  study a r e  higher thag 
those r e p o r t e z  by Lawson and Hileman (1982) and 

5 e w l s  and Grant (1919). Nitraf;e 1x6-) levels  
-were signlzicanxly d i f f e ren t  morg  w2tersheds and 
mor:ths, with a significant interaction b e t ~ i e e ~  t3e  
two fac to r s .  Jj.a%ershed VS-3 (heavj  t 'ninnicg ) had 
t h e  lowest le-fnl vl-iile ZS-l (rroderate th inn ing)  ha3 
the  highest  Level of NO These coccemras ions  

3 were slig"ntly lower t3an shose fo -ad  i n  t h e  runoff 
in t h e  Cuachita 14xmtaias ( ~ a w s c n  silzd Iiilemac 19e2 1. 

&m~oria nitrogen -N) varied s i g n i c i c a n t i y  
among watersheds during t a e  posttreatment per iod,  
with WS-2 having t h e  highest l e v e l  a t  9.78 rag/l. 
Oifferences before treatment were l a r g e r  and not 
s i g n i f i c a n t ,  but were based on fewer s m p l e s .  The 
posttreatment differences mong watersheds appear 
t o  be due t o  inherent cha rac te r i s t i c s  of runoff 
r a the r  than t o  t h e  e f f e c t s  of thinning.  Organic 
matter  and vegetation differences could be influenc- 
ing nitrogen and COD l eve l s .  The COD l e v e l s  were 
somewhat higher on WS-2 than on t h e  o the r  water- 
sheds. 

Potassium showed s ign i f i can t  d i f ferences  among 
watersheds during t h e  posttreatment per iod,  but not 
during t h e  pretreatment period ( f i g  . 2 ) . However, 
t h e  response does not appear t o  be t h e  r e s u l t  of 
th inning s ince  the  l i g h t e s t  thinning had t h e  highest  
l e v e l  of a l l  watersheds. A s ign i f i can t  d i f ference  
mong months was a l s o  found, but it was judged t o  
be more t h e  r e s u l t  of sample frequency di f ferences  
r a the r  than t r u e  seasonal e f f e c t s .  

Some nu t r i en t s  i n  runoff were found t o  vary 
s ign i f i can t ly  among months of t h e  year ,  t,hus show- 
ing seasonal t r ends .  Iron concentrations i n  run- 
off  were highest i n  February, decreasing t o  a low 
i n  summer and increasing i n  ea r ly  winter f f i g  .4 ) . 

0 1 I l l l i  I l l  l f l f  
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Figure 4.--Seasoral changes i n  average Fe concen- 
t r a t i o n  i n  runoff from f ive  Ozark watersheds 
! ; ~ 3 - r 9 8 2  ) 

Mangacese var ied  s ign i f i can t ly  among months with 
t h e  highest  l eve l s  i n  March and October and t h e  
lowest l eve l s  i n  Ju lg  and January ( f i g  . 5 ) . The 
lover  swxner l eve l s  may be t h e  r e s u l t  of lower 
sol-cibility during periods of low s o i l  moisture. 

The pH of runoff varied s ign i f i can t ly  among 
watersheds during t h e  pretreatment period (1973- 
19791, but not during t h e  posttreatment period.  
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Fisgure 7.--Seasonal changes i n  average 1jh.i concen- 
t r a t i o n s  i n  runoff fronr f i v e  Czark watersheds 
(l973-r982 : 

Watersheds WS-1 and WS-2 had t h e  lowest mean pH 
while WS-3 and wS-6 had t h e  h ighes t  l e v e l s .  The 
highest  pH l e v e l s  on WS-3 and WS-6 a r e  cons is ten t  
with t h e  g rea t e r  Ca, hardness,  and HCO- concen- 
t r a t  ions previously discussed.  The hi3her pH 
l e v e l s  i n  r-moff from WS-3 and WS-6 a l s o  r e f l e c t  
d i f ferences  i n  s o i l s  on t h e  w ~ t e r s h e d s .  S ign i f i -  
cant  d i f ferences  among months were fomd t o  occur 
i n  both periods.  Coxibined d a t a  showed t h a t  t h e  
highest  pH l e v e l s  occurred i n  l a t e  winter  and t h e  
lowest l e v e l s  i n  l a t e  summer ( f i g .  6 j . 

I. 
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F i g w e  6.--Seasonal ckacges i n  average pH of m- 
o f f  from f i v e  Ozark watersheds (1973-19823 

S o i l  pH l e v e l s  a r e  horn t o  show seasonal  t r ends  
(Keogh and Maples 1972).  Runoff from fo re s t ed  
a r eas  genera l ly  occurs a s  l a t e r a l  flow i n  t h e  
upper porous s o i l  l aye r s  and r a r e l y  a s  overland 
Plow. Thus, changes i n  s o i l  chemical p rope r t i e s  
a r e  Likely t c  be r e f l e c t e d  i n  corresponding changes 
i n  t h e  ? rope r t i e s  of  runoff water. 'like number of  
s t o m  events ,  e spec i a l l y  runoff events ,  i s  u sua l ly  

lower ikdricg %he l a t e  s--er and eaf ly  f a l l ,  re -  
s u i t i ~ g  5 n  less leaching of s o i l s .  Organic m a t t ~ r  . - i n  s c ~ s  would likely be lowest i n  ia%e s 
e a r l y  fzll, with ace-ma la tic^ beginzing La t h e  
f a l l  f c l i o ~ e d  by iccreased weathering as s o i l  mois- 
t w e  levels increase .  

S ~ e c i f i c  con&tctance values P r m  t he  5 water- 
skeds sho-ded large - rar ia t ion  diu.cg t h e  pre- arid. 
~os t t ree tz- iec t  2er iods  ( ~ a b L e  2 ) . 
Table 2. --Average pE , s p e c i f i c  c o n & ~ c t  acce and 

t w b i d i t y  of  r w o f f  from Ozark watersheds 

l/ - Eased on 1973-1982 da t a .  
' E a s e d  on 1975-1982 da ta .  
' ~ a s e d  on l977-1982 da ta .  

Watersheds WS-3 and WS-6 had t h e  highest  s p e c i f i c  
conductance l e v e l s  and WS-2 t h e  lowest .  The d i f -  
ferences a r e  apparently- not r e l a t e d  t o  t h e  t h in -  
ning t rea tments  s ince  watershed means were found 
t o  fol low t h e  same p a t t e r n  during both per iods .  
Spec i f i c  conductance i s  probably r e f l e c t i n g  t h e  
g rea t e r  minera l  content ,  partieularl-J C a ,  WCO- , 
and t o t a l  hardness,  i n  runoff .  The s p e c i f i c  ??on- 
ductance values from these  watersheds a r e  much 
higher than  those  found i n  t h e  Ouachita Mountains, 
where sandstone and sha le  parent  mater ia l s  p r e v a i l .  

Data on t u r b i d i t y  of  runoff  was t o o  l i m i t e d  
during t h e  post treatment period t o  show v a l i d  
treatment e f f e c t s .  of  t h e  da t a  f o r  t h e  
1977-1982 period showed s i g n i f i c a n t  d i f ferences  
rzmong watersheds and months. Turbid i t  i e s  f rorn 
Lzrrdistirrked WS-5 were highest  while those  from 
WS-6 were lowest  able 2 ) .  Turbid i ty  Levels i n  
runoff showed s i g n i f i c a n t  seasonal  t r ends  ( f i g .  7). 
The January W J  value of  9.0 was based on ~ n l y  
four samples and was r,ct included on t h e  graph. 
The highest  t u r b i d i t y  l e v e l s  were reacked i n  early 
jrinter and declined from l a t e  winter  t o  l a t e  sm- 
m e  These seasonal  t r ends  a r e  believed t o  re-  
f l e c t  t h e  increased storrr. runoff  pa t t e r c s  i n  l a t e .  
f a l l  and earl?; winter  which would t e n d  t a  erode 
loose m a t e r i a l s ,  e s p e c i a l l y  i n  s t r e a m  channels. 

f a c t  t h a t  t u r b i d i t i e s  a r e  a f f ec t ed  by o t h e r  
impur i t i e s ,  such a s  organic mat ter ,  should be 
ke* i n  nind when assess ing  r e s u l t s .  
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Figure 7. --Seasonal changes i n  average t u r b i d i t y  
of r - m o f f  from f ive  Ozark watersheds (1977-1982) 

Much of t h e  nut r ient  da ta  tended t o  be highly 
v a r i a b l e ,  thus  requir ing greater  d i f ferences  o r  
m r e  samples t o  be s ign i f i can t .  I lutr ient  l eve l s  
i n  runof f  are  na tu ra l ly  highly va r i ab le ,  6ue t o  
t h e  complex in t e rac t ions  a f fec t ing  t h e i r  presence. 
In  t h i s  s tudy ,  d i f ferences  i n  nut r ient  l eve l s  due 
t o  t h e  t binning treatrcent s  were not d i s c e r ~ i b l e  
because o f  na tu ra l  d i f ferences  i n  vaters'neds or  
beeause o f  strong i c t e r a c t  ions between watersheds 
and seasona l  e f f ec t s .  Only K and NB -N showed 
s i g n i f i c a n t  differences among watersaeds during 
t h e  post-treatment period,  but these  were Judged 
t o  be t h e  r e su l t  of catchment cha rac te r i s t i c s  
r a the r  t k a n  treatment e f f e c t s  because undistrubed 
areas o r  the  l i g h t l . ~  thinned watershed had t h e  
g rea te r  l eve l s .  In  New England, Martin, e t  a 1  
(1984) found t h a t  even c l ea rcu t t ing  generally re-  
su l t ed  i n  small d i f ferences  i n  stream chemistry 
when compared t o  uncut watersheds representing a 
wide v a r i e t y  of  s o i l s  and f o r e s t  t - n e s .  

I r o n ,  IvIn, pH, and t u r b i d i t y  i n  t h i s  study 
showed seasonal  d i f ferences ,  with l eve l s  generally 
being lowest  during l a t e  s m e r  and e a r l y  f a l l  and 
highest  during winter and spr ing rxonths. 

Overa l l  Levels f o r  most nu t r i en t s  i n  runoff 
from t h e  5 watersheds were generally within t h e  
range o f  those reported i n  o ther  areas  ( ~ o u g l a s s  
and %rank 1975; Kewlett 19'79; Lawson and Bileman 
1982; Peterson and Roife 1982 > . However, some 
nutrient; l eve l s  an? chemical cha rac te r i s t i c s  such 
as  Ca, HCC-, and spec i f i c  conductance r e f l ec ted  
geologic cJndit ions i n  t h e  area .  

The baseline data  2rovided i n  t h i s  ~ t u c l . . ~  w i l l  
be u s e f u l  f o r  e s t i ~ a t i n g  nu t r i en t  y i e lds  and 
other  chemical and p'rjs i c a i  proper t ies  of runoff 
from s i m i l a r  watersheds wi th in  t h e  geologic region.  
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HYBOLOGIC F;FFECTS OF COMPLETE AHD CONVEEJTIOHAL HARVEST 

Abstract ,--Loblolly pine p lanta t ions  were es tabl i shed  
on four small ca l i b ra t ed  catchments to determine t h e i r  
e f f e c t  on stormflow volumes and sediment y i e ld s .  They were 
c l ea r f  e l l e d  w i th  minimum s i t e  d is turbance  during t h e i r  16th 
f ield-growing season. Harvesting treatments included two 
r e p l i c a t e s  of removing t h e  above-ground biumass and of 
removing only t he  merchantable stems. S t a t i s t i c a l  
comparisons of stormflow volumes a s  the  pine developed and 
a f t e r  harves t  were based on ca l ib ra t i ons  developed wi th  
con t ro l  catchments before t h e  pine was planted.  Stormflow 
volumes f o r  two catchments of pine formerly i n  depleted 
hardwoods were decreased an average of 83 percent  a f t e r  
p l an t a t i on  ages 12 o r  13. As  much a s  half of t he  decreases 
were re ta ined  during the  2-year pos tharves t  period. For two 
catchments of pine es tabl i shed  on m r e  severely-eroded 
old-f i e l d s  , decreases of stormflow ,volumes, averaging about 
50 percent a f t e r  pine age 8, were l a rge ly  a t t r i b u t e d  to  
increased in t e r cep t ion  of r a i d  all by the  pine. After  
harves t ing  , s tormf low volumes f o r  these  catchments returned 
t o ,  o r  exceeded, preplanting l eve l s .  The eros ion-his tory  of 
t h e  catchments overshadowed any d i f f e r ences  due to t he  
harves t ing  options. The developing p ine  on a l l  catchments 
reduced sediment concentrat ions and y i e l d s  t o  base l eve l s ,  
and pos tharves t  increases  of sediment concentrat ions a t  t he  
gaging po in t s  were short- l ived.  However, with increases  of 
r a t e s  and volumes of flow a f t e r  harves t ing ,  pa r t  o r  a l l  of 
t h e  improvement of water qua l i t y  i n  downstream sand channels 
achieved by the  pine was probably n u l l i f i e d .  Except f o r  a 
s l i g h t  increase  i n  potassium export  i n  stormf lows, chemical 
water  qua l i t y  was unaffected . Pole-size l o b l o l l y  
p lanta t ions  es tabl i shed  on eroded h i l l y  Coastal P l a in  s i t e s  
can be harvested wi th  minimum impact on chemical water  
qua l i t y  and s i t e  product iv i ty  . But such p l an t a t i ons ,  
e spec i a l l y  those planted on severely-eroded old-f i e l d s  , a r e  
not  candidates f o r  ea r ly  c l ea r f  e l l i n g  where reduct ions of 
downs tream sediment concentrat ions t o  improve water qua l i t y  
and decreases i n  stormflow volumes to  reduce small-area 
f loods  a r e  important. 

INTRODUCTION 

I/  Paper presented a t  Third Biennial 
SOU t h g r n  S i l v i c u l t u r a l  Research Conference, 
A t l a n t a ,  Georgia, November 7-8, 1984. 

21  P r inc ipa l  Research Hydrologist,  USDA 
~ o r e s i  Service,  Southern Fores t  Experiment 
S t a t i o n ,  Forest  Hydrology Laboratory , Box 947, 
Oxford, MS 38655' 

Three developments of na t ional  concern 
prompted the  research reported i n  t h i s  paper. 
The energy c r i s i s  focused a t t e n t i o n  on f o r e s t  
biomass a s  an energy source. The National 
Fores t Management Act mandated t h a t  na t iona l  
f o r e s t s  would be managed to  maintain and h p r o v e  
s i t e  product iv i ty  . A co ro l l a ry  l e g i s l a t e d  



concern was t h e  pr o t  e c t  i o n  and hprovement  of 
t h e  q u a l i t y  of t h e  Nation 's  waters  ( P u b l i c  Law 
92-500). 

The r e s e a r c h  sought  t o  d e t e r n i n e  the ef- 
f e c t s  of t o t a l  h a r v e s t  of the above-ground t r e e  
b i o ~ a s s  of sou thern  p ine  ( h e r e a f t e r ,  c m p l e t e  
h a r v e s t ) ,  and of conventional  c l e a r c u t  h a m e s t  
o r  r m o v a l  only of merchantable  s t a s  (conven- 
t i o n a l  h a w e s t ) .  Wdro log ic  behavior  inc lud ing  
s t o m f  low v o l u m s  , sediment concent ra t ions  and 
y i e l d s ,  and chcraicd wate r  qwf i f iy  w a s  evaluated 
dur ing  t h e  deve lopmnt  of t h e  p ine  and a f t e r  
h a r v e s t ,  E f f e c t s  on s i t e  p r o d u c t i v i t y  were 
s urmi sed . 

STUgY AREA 

Three s m a l l  cont iguous catchments w i t h  
poor -qua l iw hardwoods and t h r e e  abandoned-f i e l d  
catchments wi th  a g rass - forb  cover  were i n s t r u -  
mented i n  1958, planted t o  p ine  i n  1964, and 
harves ted  i n  1979. P e r t i n e n t  c h a r a c t e r i s t i c s  of 
t h e s e  n o r t h e r n  M i s s i s s i p p i ,  Coastal  P l a i n  sites 
a r e  s u m r i z e d  i n  t a b l e  1. 

The s i l t - loam s o i l s ,  mapped p r i m a r i l y  i n  
t h e  Providence s e r i e s  ( f i n e ,  s i l t y ,  mixed 
thermic,  Typic Frag iuda l f  s )  , were developed i n  
l o e s s  d e p o s i t s  on r i d g e  t o p s  and upper  s l o p e s ,  
The l o e s s i a l  s o i l s  g rade  i n t o  Ruston sandy loam 
( f i n e ,  loamy, s i l i c i o u s ,  thermic ,  Typic 
Pa leudul t  s )  on t h e  mid-to-lower s lopes .  

Providence s o i l s  have a f r a g i p a n  t h a t  per- 
ches wate r  during t h e  dormant wet season. Due 
t o  p a s t  e r o s i o n  of t h e  catchments, t h e  pan i s  
c l o s e r  t o  t h e  s o i l  s u r f a c e  than  i t s  o r i g i n a l  
d e p t h  of 18 t o  24  inches ,  Water-storage oppor- 
t u n i t y  i n  t h e  s o i l  p r o f i l e  above t h e  pan is  a 
major f a c t o r  i n  de t e m i n i n g  t h e  occurrence and 
magnitude of stormflows, e s p e c i a l l y  f o r  t h e  more 
severely-eroded old-f i e l d  catchments. 

P r i o r  t o  t rea tment ,  v e g e t a t i v e  cover  on t h e  
abandoned f i e l d s  c o n s i s t e d  p r i m a r i l y  of b l u e s t m  

passes  (Andropogon spp. ) , whose ground-level 
basal area covered a n  average of 14.5 percen t  of 
the t h r e e  catchment areas, 

The hardmod cover  a t  t h e  time of i n i t i a l  
t rea tment  c o n s i s t e d  la rgely  of pos t  oak (Quercus 
s t e l l a t a  S r a ~ e n h , ) ,  h i c k o r i e s  (Carya spp.) ,  and 
blackjack oak (Quercus rnarilnndicil  Muenclth, ) , 
?%'he completely inventor ied  stands contained an  
w e r a g e  of 215 trees per a c r e  l a r g e r  than  0.5 
inch d.b,h, ;  half  t h e  trees were cu l l .  Basal 
a r e a  p e r  a c r e  averaged 52 s q m r e  fee t ,  23 s q u a r e  
f e e t  of which were c u l l .  

Two of t h e  t h r e e  catchments i n  each cover  
type--hardwood and abandoned-f ield--were i n i t i -  
a l l y  t r e a t e d  i n  December 1963, Treatnzent of t h e  
two hardwood u n i t s  c o n s i s t e d  of a slow b a c k f i r e  
fol lowed by unde r -p lan t ing  l o b l o l l y  p ine  ( P i n u s  
taeda  L.) a t  a 6x6-foot spac ing ,  The hardwood - 
o v e r s t o r y  was t r e a t e d  i n  May 1964 by i n j e c t i n g  
undi lu ted  2,4-D amfne i n t o  t h e  bases of a l l  
stems 1 inch  d,b.h. and l a r g e r ,  Remaining s tems 
were c u t  and t h e  stumps mopped w i t h  a mixture  of 
2,4-D and 2,4,5-T i n  d i e s e l  f u e l  i n  e a r l y  June 
1964, Treatment of t h e  two old-f i e l d  catchments 
c o n s i s t e d  of a ho t  b a c k f i r e  i n  Decmbes 1963. 
b b l o l l y  s e e d l i n g s  were p lan ted  on t h e  four  
t r e a t e d  catchments i n  March i964. 

Burning i n  t h e s e  s t u d i e s  was an a n c i l l a r y  
t rea tment .  The burning e f f e c t s  could be 
i s o l a t e d  because t h e  p lan ted  p i n e  had n e g l i g i b l e  
hydro log ic  i n f l u e n c e  during t h e  f i r s t  few years .  
The hypothes i s  was t h a t  burning would i n c r e a s e  
s tormflow volumes while  t h e  pos tu la ted  long-term 
e f f e c t s  of p l a n t i n g  p i n e  woul d be decreased 
f lows,  Ins t rumenta t ion ,  t h e  d e t a i l s  of t h e  
s t o m f l o w  a n a l y s e s ,  and r e s u l t s  of t h e  i n i t i a l  
t r e a t m e n t s  have been repor ted  ( U r s i c  1969, 
1970). Stand d e s c r i p t i o n s  of t h e  p l a n t a t i o n s  
a f t e r  15 field-gro.c\ring seasons  a r e  given i n  
t a b l e  2. 

Table 1 ,--Physical c h a r a c t e r i s t i c s  of s tudy catchments  

Or ig ina l  S o i l s  
Drainage cover  Coas tit i n  

t Y  F Treatment area L o e s s i d  P l a i n  e l  evtl t ion  

Acres Percent  Percen t  Feet  

Grass None (Cont ro l )  2.62 64 3 6 44 
Cotnple t e  h a r v e s t  2.65 100 0 3 7 
P a r t i a l  h a r v e s t  2.43 25 75 49 

Hardwoods None ( C o n t r o l )  2.56 6 5 35 49 
Cmple  t e  h a r v e s t  2.12 34 6 6 58 
P a r t  id harves  t 2-13 100 0 4 4 



Table 2 , - -&scr ip t iom of the  15-year-old Zoblo13y p ine  p l a n t a t i o n s  

- -  - - 

Trees 
Catchment Height d.b.h. acre Basal areal/ Volumes 

F e e t  Inches Number pt2/,c,, Rough cords 

His to~r - -Old  fields 

Sandy loam 4 1 5.4 1,077 171 ( 1 4 8 )  3 8 
S i i  t loam 42 5-3 1,044 163 ( 1 4 7 )  3 0 

Sandy loaur 4 2 5-4 1,037 163 ( 1 4 8 )  3 0 
S i f t  loam 43 5,6 9006 147 (129) 2 6 

T h e  pine s tands  e r e  harvested d u r i w  t h e i r  
1 6 t h  growing  season.  The f o u r  catchments were 
c l e a r c u t  and t h e  s l a s h  t r e a t e d  h t w e e n  aid-June 
and t h e  end of October, A l l  s t a s  were c u t  wi th  
a c h a i n  saw, delimbed, c u t  i n t o  b o l t s ,  and 
loaded o n  bob-tailed t r u c k s .  On t h e  
c o n v e n t L o n d - h a w e s t  catchments ,  t h e  s l a s h  was 
c h i p w d  us ing  an e l e c t r i c  power cmpany c h i p p e r  
and was u n i f o m l g  d i s t r i b u t d ,  S lash  on t h e  
c m p l e  t e - h a r v e s  t catchments was removed, The 
o b j e c t i v e  was t o  inc lude  t h e  a t r e m e s  of 
removing a l l  s l a s h  and of l e a v i q  dl s l a s h ;  
b u t ,  b e c a u s e  of rap id  dry ing  and b r e a a g e ,  some 
of t h e  f o l i a g e  and s m a l l  branches were l e f t  
o n s i t e  so  t h a t  t h e  c m p l e t e - h a r v e s t  t rea tment  
was not  a s  c m p l e t e  a s  in tended ,  

The harvested catchments were r e p l a n t &  
w i t h  l o b l o l l y  p i n e  wi thout  f u r t h e r  s i t e  
p r e p a r a t i o n  and hydro log ic  measurements 
c o n t i n u e d  f o r  about 2 y e a r s  &en 4 of t h e  4 
ca tchments ,  i n c l u d i n g  t h e  o l d - f i e l d  and hardwood 
c o n t r o l s  , were des t royed  by road c o n s t r u c t i o n ,  

The paired catchment approach was used f o r  
a n d y s e s  of i n d i v i d u a l  s t o m f  low volrams and 
t h e i r  d h a r a c t e r i s t i c s  ( U r s i c  and P o p h a  1967)- 
The perf o m a n c e  of each of t h e  two t r e a t e d  
ca tchments  i n  each s tudy  ms cmpared  t o  t h a t  of 
a c m m n  undisturbcld c o n t r o l  e a t c h e n t  by 
c o v a r i a n c e  anafyses ,  & r a i l s  of the s t o m f l o w ,  
interception, and o t h e r  ana lyses  f o r  t h e  f i r s t  
15 y e a r s  a f t e r  p ine  was e s t a b l i s h e d  on t h e  
hardwood-his t o r y  catchments  have been r e p o r t &  
(Urs ic  1982), R e s u l t s  f o r  t h e s e  catchments 
r e p o r t e d  h e r e  a r e  s l i g h t l y  r e v i s e d  due t o  t h e  
a d d i t i o n  of d a t a  c o l l e c t e d  dur ing  p a r t  of t h e  
1 6 t h  year before  h a r v e s t ,  

An f n i t i d  o b j e c t i v e  of eke research  was t o  
d e t e r n i n e  t h e  ef f e c t s  of e s t a b l 4 s h i n g  p i n e  on 
s t o m f  l o w  volumes r Reduction of f lood  f lomi was 
and s t i l l  is  a n  gmportant problem i n  n o r t h e r n  

M s s i s s i p p i  a s  i t  is  over much of t h e  h i l l y  
Coastal  P l a i n s ,  While i t  i s  p o s s i b l e  t o  compare 
t h e  w s t h a n r e s t  r e s u l t s  with c a l i b r a t i o n s  
developed f o r  t h e  l a s t  d i s c r e t e  per iods  b e f o r e  
h a r v e s t i n g  t h e  p ine ,  I chose t o  nake a l l  compar- 
i s o n s  wi th  t h e  o r i g i n a l  c a l i b r a t i o n s ,  i , e ,  , when 
t h e  r e s p e c t i v e  catchments had hardwood o r  g r a s s  
cover ,  %is approach w i l l  a l low me t o  a d d r e s s  
three q e s t i o n s ,  F i r s t ,  "mat were t h e  e f f e c t s  
of e s t a b l i s h i w  p ine?"  ; second,  "What were t h e  
e f f e c t s  of t h e  c l e a r f  e l l i n g  t rea tments?" ;  and 
l a s t l y ,  "How d i d  t h e  p o s t h a r v e s t  performances 
e m p a r e  t o  those  of t h e  o r i g i n a l  hardwood and 
g r a s s  covers?".  

Although r e p l i c a t i o n  of t h e  two h a r v e s t i n g  
t r e a t m e n t s  is  impl ied ,  i , e , ,  biomass on t h e  f o u r  
catchments was s i m i l a r ,  t r e a t m e n t s  were con- 
founded by s o i l  d i f f e r e n c e s  and, a s  w i l l  be 
shorn ,  e s p e c i d l y  by t h e  prestudy h i s t o r y ,  

Chemical-water-quality and sediment- 
n u t r i e n t  d a t a  were sub jec ted  t o  a n a l y s i s  of 
v a r i a n c e  and t - t e s  ts, A l l  s t a t i s t i c a l  compari- 
sons i n  t h e  s tudy were a t  t h e  0.05 l e v e l  of 
c o d  idence.  Changes i n  sediment c o n c e n t r a t i o n s  
and y i e l d s  d u r i w  t h e  f u l l  course  of t h e  s tudy  
were g e n e r a l l y  d i s t i n c t ,  and comparisons were of 
r a t i o s  and mans, S i t e  and v e g e t a t i o n  v a r i a b l e s  
were nneasured p e r i o d i c a l l y ,  

RESULTS AND D I f  CUSS1 OM 

S t o m f  Low Volumes 

Old-Field i.listory Catchments 

Coaple te-Irfarvest, S i l t - b m  Catchment, -- 
S t o m f l o w  volumes dur ing  p l a n t a t i o n  ages 9.5-15-5 
decreased an average of 0-14  area-inch (AX) p e r  
s t o m  ( t a b l e  31, The r e d u c t i o n  was b e s t  ex- 
pressed a s  a c o n s t a n t  f a r  a l l  even ts  r e g a r d l e s s  
of s i z e ,  The r e d u c t i o n  of 20,2 A1 d u r i w  t h i s  
6-year per iod  w a s  42 percen t  of t h e  f l o w  pre- 
d i c t e d .  



Stormflow v o l u w s  during the  2-year 
pos thawes t  period increased 4 , l  A1 and 
represented a 23-percent increase  when cornpared 
t o  the  o r i g i n a l  grass  cover. Nine of 39 storms 
had s i g n i f i c a n t  increases  averaging 0.55 A1 and 
ranging up t o  1.0 AI. These r e s u l t s ,  a s  f o r  all 
catchments, a r e  f o r  what is probably minimum 
dis turbance  of t he  s i t e  during harves t ing  
o p e r a t i o w ,  

Convent ional-Harvest , Sandy-Loam Catchment. 
Stormf low volumes decreased 7.0 A1 during p ine  -- 
ages 9,5-15.5 f o r  a reduction of 55.3 percent 
( t a b l e  3). Plow volumes were s i g n i f i c a n t l y  l e s s  
than  expected f o r  a l l  events predicted to y i e l d  
0.25 A1 o r  more wi th  t he  reductions trending 
d i r e c t l y  wi th  stormflow s i z e  ( f i g .  1). 

Stormflow behavior i n  t he  pos tharves t 
period reverted to  l eve l s  measured during t h e  
time the  catchment had a g ra s s  cover. The 
1960-63 c a l i b r a t i o n  and 1979-81 postharvest  
equations were almost i d e n t i c a l .  Clearly,  a l l  
t h e  f lood prevention bene f i t s  achieved by the  
pine were l o s t  during t h e  2-year postharvest  
period f o r  both catchments with the  o ld- f ie ld  
h is tory .  

Hardwood History Catchments 

Conventional-Harves t , Silt-Loam Catchment. - 
Stormf low volumes gradual ly  declined a s  t he  pine 
developed and decreased 2 6 4  A1 during p ine  ages- 
13-15.5 yea r s ,  a 79-percent reduction from 
predicted ( t a b l e  3) .  Volumes were s i g n i f i c a n t l y  
decreased f o r  all events predicted t o  y i e l d  0.25 
A1 o r  more. The reductions var ied  d i r e c t l y  and 
pos i t i ve ly  with stormflow s i z e  and ranged up t o  
1.7 A I  ( f i g .  2). 

Compared to  t h e  o r i g i n a l  hardwood cover, 
s tomflow decreases continued a f t e r  harves t  but 
were not a s  la rge .  Volumes decreased 4.8 AI f o r  
a 41-percent reduction.  Flows were s i g n i f i -  
cant ly  l e s s  than expected f o r  a l l  events pre- 
d ic ted  t o  y i e l d  more than 0.5 AI wi th  decreases 
ranging up t o  1 .P A I .  

Complete-Fiarvest, Sandy-Loam Catchment,-- 
Total  stormflow decreased 14.0 A1 during p ine  
ages 12-15.5, a n  87-percent reduction from t h a t  
predicted ( t a b l e  3 ) .  &re,  too ,  flows were 
s i g n i f i c a n t l y  l e s s  than expected f o r  all events 
predicted to  y i e l d  0.25 A1 o r  more. Decreases 
varied d i r e c t l y  with stormflow s i z e  and ranged 
up t o  1.0 A1 ( f i g .  2). 

Stormf low reduct  ions continued during t h e  
pos tharves t  period. A t o t a l  decrease of 3.9 A I  
represented a 58-percent reduct ion,  A l l  flows 
predicted t o  y i e l d  0.25 A1 o r  m r e  were 
s i g n i f i c a n t l y  decreased. The decreases 
continued t o  trend d i r e c t l y  with stormf low s i z e  
and measured up t o  0,8 A I .  

Overall ,  t h e  eros ion-history of t he  
catchments had a g r e a t e r  inf luence  than 
d i f f e r ences  &tween the  harves t ing  treatments,  
The maximum absolu te  reductions i n  annual and 
indiv idual  s tormf low volumes were obtained by 
replacing hardwoods with pine on moderately 
eroded, s i l t - loam s o i l s .  Of importance to  
management f o r  f lood prevent ion  i s  t h a t  maximum 
reduct ions of indiv idual  flows f o r  
moderately-eroded s o i l s  were twice a s  g r e a t  a s  
f o r  s i m i l a r  but more severely-eroded s o i l s .  

Table 3.--Total changes of stormflow volumes 

H i s  to ry  --Hardwoods History--Old Fie lds  
A A 

Changes < (Y-Y) Changes < (Y-Y) 
a s  percent a s  percent 

of p r e d i c t e d L /  eatment of predicted :/ 

SILT L 
13-15.5 -7 9 9-15.5 -42 3/ 

Conventional -41  
harves t  

Complete +2 3 
harves t  

SANDY L 
12-15.5 -87 9-15.5 -5 5 

Cornple t e -5 8 Conventional + 8 n.s. 
harves t  harve s t 

l /Cmparisons with 1958-63 ca l ib ra t i ons .  - 
2JCmparisons with 1960-63 ca l ib ra t i ons .  - 
3jChange i n  l eve l .  Adjusted d i f f e r ence  0.14 area-inch per event. - 



OLD-F I E L D  H I  STORY CATCHMENTS 

(-1 BEFORE COMPLETE HARVEST S I L T  LOANS 

Figure 1.--Significant changes of stormflow volumes by size-class for pine plantations established 
on old-field catchments. Numerals on histograms indicate number of events. 

HARDWOOD HISTORY CATCHMENTS 

BEFORE CONVEf4T I O l A L  EARVEST 1-1 S I L T  ,,A,, 

1.00 POSTHAR'JEST 

0.0 ! .25 .25! .50 .50!.75 .75!1.0 
PREDICTED STORMKOW VOLUMES--AREA INCHES 

Figure 2. --Significant changes of stormflow volumes by size-class for pine plantations establ ished 
to rep1 ace depleted up1 and hardwoods. Numeral s on histograms indicate number of events. 



Stomf  low behavior  of the  hardwood-history 
catchments during t h e  2 years a f t e r  harves t  was 
comparable t o  t h a t  a t  p iae  ages 9 t o  1 2  years 
during which t o t a l  s t o m f l o w  volumes were 
decreased about 50 percent ,  In c o n t r a s t ,  
s tonnf low behavior  on t h e  grass -h is tory  
catcholcznts rever ted  t o  the behavior  before  t h e  
catchments were planted t o  p i a e ;  i,e,, a l l  
b e n e f i t s  were l o s t ,  

I n t e r c e p t i o n  E f f ec t s  on S tomflow Cha%es 

Old-Field =stor). Catchments 

During p i n e  ages 9-15.5, increased  
i n t e r c e p t i o n  of r a i n f a l l  by t h e  developing; p ine  
p l a n t a t i ons  could account f o r  a l l  t h e  
s i g n i f i c a n t  decreases  olf s t o m f  low volumes from 
t h e  sandy-loam catchtnent, and w i th  a few 
exceptions those from t h e  catchment of s i l t - loam 
s o i l s .  In  t h e  pos tharves t  per iod ,  hydrologic 
behavior  of t he  sandy-loam, convent iond-harves  t 
catchment rever ted  t o  old-f i e l d  condi t ions .  For 
t h e  s i l t  -loam, comple te-harves t catchment, 
s i g n i f i c a n t  pos tharves t  i nc r ea se s  of stormf low 
volumes exceeded decreases  of i n t e r c e p t i o n ,  
i n d i c a t i n g  t h e  add i t i ona l  e f f e c t  of harves t ing  
d is turbance .  Clearly t h i s  wors t-case example of 
severely-eroded,  s i l t - loam s o i l s  wi th  r e s t r i c t e d  
s o i l  d ra inage  emphasizes such s i t e s  a r e  not 
candida tes  f o r  e a r l y  c l e a r f  e l  l i n g  where 
s to  rmf low reduct  ions a r e  import an t .  

Hardwood History Catchments 

A l l  s i g n i f i c a n t  decreases  i n  stormf low 
volumes a f t e r  p l a n t a t i o n  age 9 years  f o r  t he  
sandy-loam catchment and age 12 f o r  t h e  
s i l t - l oam catchment were g r e a t e r  than  t h e  
es t imated  i nc r ea se s  i n  i n t e r c e p t i o n ,  During 
p ine  ages 12-15.5 years  f o r  t h e  sandy-loam 
catchment and 13-15.5 years  f o r  t h e  s i l t - loam 
catchment, decreases  of stormflow volumes not 
a t t r i b u t e d  t o  i n t e r c e p t i o n  accounted f o r  29 and 
51 percent  of t h e  r e spec t i ve  s i g n i f i c a n t  
decreases  t o t a l i n g  13 and 18 area-inches. The 
l a t t e r  f i g u r e s  represen t  93 and 88 percent  of 
t h e  t o t a l  s tonnf low volumes during t h e s e  
i n t e r v a l s .  

During t h e  pos tharves t  period s i g n i f i c a n t  
i nc r e a se s  of s t o m f l o w  volumes f o r  t h e  
sandy-loam, complete-harves t catchment were a l l  
l e s s  than  t h e  decreases i n  i n t e r cep t i on .  For 
t h e  s i l t - loam,  convention&-harves t catchment, 
t h r e e  s t o m f l o w  even t s  i n  t h e  f i r s t  f en  months 
a f t e r  ha rve s t  had i n c r ea se s  i n  excess of 
i n t e r c e p t i o n  decreases  d e s p i t e  much of t he  s l a s h  
remaining ons i t e .  However, f o r  all e i g h t  events  
w i th  s i g n i f i c a n t l y  increased flows t o t a l i n g  3.5 
A I ,  during t h e  pos t h a m e s  t per iod ,  t h e  decrease 
i n  i n t e r c e p t i o n  could account f o r  3.3 A I .  Thus, 
s t omf low  reduc t  ions not a t t r i b u t a b l e  t o  
i n t e r c e p t i o n  changes i n  t h e  p r e h a m e s t  per iod  
were l a r g e l y  r e t a ined  f o r  both of t he  
hardwood-his to ry  catchments during t h e  
pos t h a r v e s t  period.  

Sediment 

Sediment i s  t h e  most important  t h r e a t  t o  
p o l l u t i o n  sf Coastal  P l a i n  waters .  A L k a b i l i q  
i n  i t se l f ,  sediment a l so  accounted f o r  about two- 
t h i r d s  of t h e  pfiosphoms and n i t r ogen  exported 
from t h e  study catchments by water. S imi la r  
r e s u l t s  were obtained f r m  prev ious  s t u d i e s  i n  
t he  area (Daffy et al, 1978, Schreiber e t  al. 
1380). In t h e  context  of water  q u a l i t y ,  sediment 
concent ra t ion  is  t h e  most app rop r i a t e  expres- 
s ion ,  Comparisons of concent ra t ions  and 
sediment y i e l d s  were l im i t ed  t o  complete d a t a  
s e t s  f o r  the  t h r e e  catchments of each h i s t o ry .  

Sediment Concentrat ions 

Brdwood History Catchments.--Following 
m d e r a t e  i nc r ea se s  a£ t e r  burning,  maximum 
reduc t ions  of sediment concent ra t ions  were 
achieved du r i% t h e  f i r s t  5 years  a f t e r  p ine  was 
e s t ab l i shed .  Annual d i  scharge-weighted 
concent ra t ions  f o r  t h e  two t r e a t e d  catchments 
averaged 0.006 and 0.007 ton/AI of flow dur ing  
p ine  ages 5-15. These va lues  conform t o  t h e  
0,007 ton/AI prev ious ly  pos tu la ted  a s  the  
base-l ine l e v e l  f o r  smal l  catchments of 
not-recently-di  s tu rbed  southern  p ine  types  
(Urs i c  1977). The concent ra t ions  represen t  
con t r i bu t i ons  from t h e  fo r e s t ed  s l opes  and 
channels. They do  not include sediment which 
may come from roads o r  o the r  sources ,  

Harvesting did not i nc r ea se  sediment 
concent ra t ions  from t h e  complete-hamest , 
sandy-loam catchment. Pos tharves t  
concent ra t ions  f o r  t h e  conventional-harvest ,  
s i l t - loam catchment increased  4-fold from t h e  
base-level  , but  much of t h e  i nc r ea se  occurred 
during t h e  f i r s t  2 months a f t e r  harves t ing  was 
completed. Concentrat ions during t h e  next yea r  
(ca lendar  yea r  1980) f e l l  t o  0.009 ton/AI, Thus 
harves t ing  had only a s l i g h t  and temporary 
e f f e c t  on sediment concent ra t ions  f o r  t h i s  
catchment and none f o r  t he  comple te-harves t , 
sandy-loam catchment where the  h ighes t  
concent ra t ion  f o r  an  event  was only 0.008 
ton/AI. Annual concent ra t ions  f o r  t he  
hardwood-control catchment during t h e  f u l l  
d u r a t i o n  of t h e  s tudy averaged 0,018 ton/AI. 

Old-Field History Catchments .--Compared t o  
t h e  c a l i b r a t i o n  per iod ,  sediment concent ra t ions  
f o r  t h e  o ld - f i e l d  h i s t o r y  catchments increased 
considerably dur ing  t h e  f i r s t  year  a f t e r  t h e  ho t  
burn, Concentrat ions f o r  t h e  s i l t - loam 
catchment increased from 0.004 t o  0,063 ton/AI. 
A 44-fold i nc r ea se  f r m  0.01 tonlAI f o r  t h e  
sandy-lorn catchment was due t o  t h e  r e a c t i v a t i o n  
of an o ld  gu l ly .  The concent ra t ions  returned t o  
c a l i b r a t i o n  l e v e l s  i n  1 t o  3 years .  Concentra- 
t i o n s  averaged 0.001 and 0.002 ton/AI during 
p ine  ages 10-15, t h e s e  very low r a t e s  being fos -  
t e r ed  by t he  hea l ing  of t h e  channels and dense 
growth of honeysuckle i n  s e c t i o n s  of t he  
channels. 



Sediment  concent ra t ions  increased  t o  
c a l i b r a  t i o n  l e v e l s  dur ing  t h e  2-year pos tharves  t 
per iod  w i t h  most of t h e  i n c r e a s e  due t o  h igher  
concent  l r a t i o n s  during t h e  f i r s  t 4 m n t h s  a f t e r  
c u t t i n g  Concentrat ions 4 months a f t e r  
harvest 5% f e l l  t o  below 0.007 ton jhf  , Piowever, 
w i t h  r a t e s  and volumes of f low r e x r e r t i w  t o  
c d i b r a  +ion l e v e l s ,  d e c r e a s e s  of sediment 
coacen t  r a t i o n s  i n  downs t r e m  sand channels  
a c h i e v e d  by t h e  p ine  were protrably n u l l i f i e d .  
Annual c o n c e n t r a t i o n s  f o r  t h e  o l d - f i e l d  c o n t r o l  
c a t c h m e a t  during t h e  e n t i r e  course  of t h e  s tudy 
a v e r a g e d  0.032 ton/AI. 

Sedimenzl Yields  

Sediment  y i e l d s  a r e  t h e  product of sediment 
c o n c e n t r a t i o n s  and volumes of f low p l u s  any 
s e d i m e n t  deposi ted i n  t h e  approach s e c t i o n  above 
t h e  oleasuring flume. 

Hardwood Historv Catchments .--The r e l a -  
t ions  h i g  of annual sediment product i o n  among 
w a t e r s h e d s  was f a i r l y  c o n s i s t e n t  during t h e  
c a l i b r a t i o n  years .  Mean y i e l d s  from t h e  
sandy-1 aam catchment (0.15 t o n / a c r e )  were 
approximate ly  twice  t h o s e  from t h e  c o n t r o l ,  
whi le  t h e  y i e l d s  from t h e  s i l t - l o a m  u n i t  
approximated those  from t h e  c o n t r o l .  These 
r a t i o s  w e r e  app l ied  t o  p r e d i c t  y i e l d s  i n  t h e  
p o s t t r e a t m e n t  years ,  and t h e  i n c r e a s e s  were 
c a l c u l a t e d  a s  measured minus pred ic ted  va lues ,  
Sed iment  y i e l d s  from t h e  complete-harvest , 
sandy-loam catchment increased  f o r  2 years  and 
t h e n  d e c r e a s e d  about 90 percen t  during p i n e  ages 
4-15. Y i e l d s  from t h e  conventional-harvest ,  
s i l t - l o a m  catchment r e l a t i v e  t o  t h e  c o n t r o l  
roughly doubled f o r  3 y e a r s  and then  decreased 
about  7 0  percen t  dur ing  p i n e  ages 4-15. 

H a r v e s t i n g  did not i n c r e a s e  y i e l d s  from t h e  
complet e - h a r v e s t ,  sandy-loam catchment. Due 
b o t h  t o  h igher  sediment concent ra t ions  and f low 
i n c r e a s e s ,  i t  s l i g h t l y  increased  y i e l d s  from t h e  
convent  lona l -harves  t , s i l t - l o a m  catchment. 
C o n s i d e r i n g  t h e  two catchments a s  p a r t  of t h e  
g e n e r a l  landscape of sandy-and s i l t - l o a m  s o i l s ,  
s e d i m e n t  y i  e l  ds dur ing  t h e  approximate 2-ye a r  
p o s t h a r v e s t  per iod  averaged less than  0.1 
ton /  a c r e l y e a r  . 

Old-Fie ld  His tory  Catchments ,--A£ t e r  y i e l d s  
of 0.8 e o n l a c r e  f o r  t h e  s i l t - l o a m  catchment and, 
due t o  r e a c t i v a t i o n  of a  g u l l y ,  2.9 t o n s / a c r e  
f o r  t h e  sandy-loam u n i t  dur ing  t h e  f i r s t  y e a r  
a f t e r  b u r n i n g ,  sediment y i e l d s  d r o p p d  
d r a s t i c a l l y  dur ing  p i n e  ages 3-15 t o  averages of 
about  0 - 0  1 t o n / a c r e .  

T h e  cmple te -harves  t , s i l t - l o a m  catchment 
p roduced  0.14 t o n l a c r e  dur ing  t h e  f i r s t  4 m n t h s  
a f  t e r  h a m e s  t i n g  was comple ted  i n  August 1979; 
b u t  t h e  r a t e  decreased t o  t h e  c a l i b r a t i o n  mean 
of 0.05 t o n j a c r e  dur ing  t h e  next y e a r  (1980). 
Yie lds  w e r e  not increased  from t h e  sandy-loam 
ca tchments .  h n u a l  y i e l d s  f o r  t h e  c o n t r o l  catch-  
ment d u r i n g  t h e  f u l l  d u r a t i o n  of t h e  s tudy  

averaged 0,13 t o n / a c r e ,  Compared t o  t h e  
c a l i b r a t i o n  p e r i o d ,  y i e l d s  front t h e  u n t r e a t e d  
c o n t r o l  catchment decreased during t h e  c o u r s e  of 
t h e  s tudy ,  while  y i e l d s  from t h e  hardwood 
c o n t r o l  d id  not show t h i s  t rend .  However, 
annual  y i e l d s  f o r  t h e  e n t i r e  course of t h e  
s t u d i e s  averaged 0.14 t o n / a c r e  f o r  t h e  hardwood 
c o n t r o l  and 0.13 t o n / a c r e  f o r  t h e  old-f i e l d  
c o n t r o l ,  

Chemical Water Qual i ty  

Chemical w a t e r  q u a l i t y  was d e t e m i n e d  from 
s t o m f l o w  samples, and from s m p l e s  of t h e  s o i l  
s o l u t i o n  c o l l e c t e d  i n  16 p a i r s  of t e n s i o n l e s s  
l y s i m e t e r s  s e t  6 inches  below t h e  s o i l  s u r f a c e  
and i n s t a l l e d  t o  sample t h e  combinations of two 
r e p l i c a t e s ,  two s o i l s  and four  t r e a t m e n t s .  The 
f o u r t h  t rea tment  cons i s t e d  of unhames  ted  
15-year-old p i n e  a d j a c e n t  to  t h e  catchments .  

Stormf lows were analyzed f o r  s o l u t i o n  phase 
t o t a l  Kje ldah l  n i t r o g e n  (TKK),  t o t a l  phosphorus 
(TP),  and potassium (K), o r g a n i c  m a t t e r  
concent ra t ions  and, where q u a n t i t i e s  of sediment 
permi t ted ,  sediment phase X V  and TP. S o i l  
s o l u t i o n  samples were analyzed f o r  TKN, TP and 
K. Analyses of stormflow samples were a v a i l a b l e  
f o r  about 2 y e a r s  p r i o r  t o  h a r v e s t i n g .  

i tesul t  s i n d i c a t e d  no s i g n i f i c a n t  
d i f f e r e n c e s ,  due e i t h e r  t o  h a r v e s t i n g  t r e a t m e n t  
o r  s o i l s ,  i n  c o n c e n t r a t i o n s  of TKN, TP o r  K 
aaong t h e  samples of s o i l  s o l u t i o n s .  Average 
p o s t h a r v e s t  concent ra t ions  over  a l l  p l o t s  were 
a s  fol lows : 

Year TI23 TP K - - ----- ~ b /  acK-inch----- 

For Coas ta l  P l a i n  condi t ions  t h e s e  c o n c e n t r a t i o n s  
r e p r e s e n t  t h e  n u t r i e n t  q u a l i t y  of seepage poten- 
t i a l l y  a v a i l a b l e  f o r  ground wate r  a c c r e t i o n .  

Analyses of t h e  proport ional- to-f  low 
stormflow s m p l e s  i n d i c a t e d  no s i g n i f i c a n t  
changes of s o l u t i o n  concent ra t ions  of TKN, TP o r  
of o rgan ic  m a t t e r  compared t o  t h e  c o n t r o l s  and 
harvested p l o t s  e i t h e r  before  o r  a f t e r  
h a r v e s t i n g  , 

Concentrat ions of R increased  s i g n i f i c a n t l y  
i n  s t o m f  lows from t h e  conventiondl  l y  hanres  t e d  
p l o t s  when cmpared  t o  t h e  c o n t r o l s ,  P r e h a r v e s t  
c m p a r i s o n s  showed no s i g n i f i c a n t  d i f f e r e n c e s .  
The i n c r e a s e  of s o l u t i o n  K of about 0.22 lb /AI  
does not portend a l o s s  of s i t e  p r o d u c t i v i t y  on 
t h e  s i t e s  s t u d i e d .  Too, t h e  annual i n p u t  from 
atmospheric  d e p o s i t i o n  exceeds t h e  a d d i t i o n a l  
l o s s  of K. S i m i l a r  n u t r i e n t  r e l a t i o n s h i p s  were 
found i n  a  s tudy  of e i g h t  c l e a r c u t  catchments  



of 27-and 37-year-old l o b l o l l y  p ine  i n  west 
Tennessee (HcClurkin e t  al., unpublished)?/. 

Far  more i npo r t an t  than s t o m f l o w  and s o i l  
s o l u t i o n  l o s s e s  a r e  t h e  n u t r i e n t  expo r t s  i n  t h e  
s d i r n e n t  phase. h e r a g i n g  all p l o t s  before  and 
a f t e r  t r e a t n e a t  f o r  t h e  4.5 years  of s a p l i n g ,  
about th ree-quar te rs  of t h e  nT and TP l o s s e s  i n  
s t o m f l o w s  were v i a  sediment. Mean sediment TmT 
conc e n t r a t i on  was 1.58 percent  by weight of 
s d i m e n t ,  and mean TP concen t r a t i on  was 0.04 
percent  by weight. Thus, while  a 4-inch i nc r ea se  
i n  s t o m f l o w  volumes would r e s u l t  i n  a l o s s  of 
about 0.4 l b l a c r e  of 'I33 i n  s o l u t i o n ,  t h e  very 
low base- ra te  of sediment concent ra t ions  (0.007 
ton/AI) would r e s u l t  i n  twice t h i s  l o s s ,  
S imi l a r l y ,  a 4-inch i nc r ea se  i n  s tonnflow 
volumes would export  about t h e  same amount of TP 
i n  s o l u t i o n  a s  would t h e  base-rate  of sediment 
concent ra t ions .  The l o s s  of n u t r i e n t s  from t h e  
catchments i n  t h i s  s tudy was l a r g e l y  t h a t  i n  t he  
biomass removed. Addit ional  n u t r i e n t  10s s e s  on 
s i m i l a r  s i t e s  would be dmos  t wholly a f unc t i on  
of h igher  sediment y i e ld s .  
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SPECIES AND CTJLTURAL EFFECTS ON SOIL CHEMISTRY I N  A SOUTHERN 

PINE: PLANTATION AFTER 24 Y E A R S ~ /  - 

Abstract , - -Soi ls  and f o l i a g e  were analyzed from a 
24-year-old s tudy t h a t  t e s t e d  t h e  e f f e c t s  of e a r l y  
c u l t i v a t i o n  and t h r e e  l e v e l s  of N, P ,  and K f e r t i l i z a t i o n  on 
long-term growth of l o b l o l l y  and longleaf  p i n e s  (P inus  taeda  
and 2. p a l u s t r i s ) .  

Organic m a t t e r  c o n t e n t ,  K, Zn, Fe, Cu, and B of the  
s o i l s  a l l  va r ied  wi th  each t rea tment .  C u l t i v a t i o n  a lone  
decreased t h e s e  n u t r i e n t s  below t h e  c o n t r o l s ,  but 
c u l t i v a t i o n  p l u s  moderate t o  h igh  amounts of f e r t i l i z e r s  
r e s t o r e d  l e v e l s  t o  t h e  l e v e l s  of t h e  c o n t r o l s ,  and sometimes 
even exceeded them. Oxidat ion of o rgan ic  m a t t e r  r e s u l t i n g  
from c u l t i v a t i o n  a p p a r e n t l y  mobilized t h e s e  elements ,  
a l lowing leach ing  on t h e  c u l t  ivated-only p l o t s .  Tree growth 
was much g r e a t e r  on t h e  f e r t i l i z e d  p l o t s ,  which probably 
enabled t h e s e  n u t r i e n t s  t o  be incorpora ted  i n t o  t h e  biomass 
b e f o r e  l each ing  occurred.  

The chemical composition of s o i l s  under t h e  two t r e e  
s p e c i e s  a l s o  d i f f e r e d .  S o i l s  i n  t h e  l o b l o l l y  p l o t s  were 
h i g h e r  i n  P, K ,  Mg, Zn, and organ ic  m a t t e r ,  but lower i n  S 
and Cu than  those  of longleaf  p l o t s .  The amount of l i t t e r  
produced i n  a l-year per iod  from 1983 t o  1984 a l s o  d i f f e r e d  
w i t h  t r e e  spec ies .  Longleaf p l o t s  averaged 1,921 kg per  ha,  
whereas l o b l o l l y  p l o t s  averaged only 507 kg p e r  ha. 

INTRODUCTION 

I n t e n s i v e  c u l t u r a l  methods--such a s  s i t e  
p r e p a r a t i o n ,  c u l t i v a t i o n ,  and f e r t i l i z a t i o n - -  
have g e n e r a l l y  increased  growth when appl ied  
t o  s o u t h e r n  p ines  (Gilmore and Liv ings ton  
1958, Hughes and Jackson 1962, Schmidt l ing 
1973). Long-term s i t e  p r o d u c t i v i t y  can a l s o  
be a l t e r e d  by s i t e  p r e p a r a t i o n  and c u l t i v a t i o n .  
I n  some cases  t h i s  l e a d s  t o  increased  n u t r i e n t  
m o b i l i z a t i o n  and subsequent  l o s s e s  due t o  
l e a c h i n g  ( P r i t c h e t t  and Wells 1978). This  
r e p o r t  d e s c r i b e s  t h e  s o i l s  and f o l i a g e  of 
l o n g l e a f  and l o b l o l l y  p ines  (P inus  p a l u s t r i s  
M i l l ,  a n d  P. t aeda  L,) 24 y e a r s  a f t e r  s i t e  - -  
p r e p a r a t i o n ,  c u l t i v a t i o n ,  and f e r t i l i z a t i o n  
t r e a t m e n t s .  

l / p a p e r  p resen ted  a t  Southern S i l v i c u l t u r a l  
~ e s e a % h  Conference, A t l a n t a ,  Georgia, November 
7-8, 1984.  

2 / ~ r i n c i p a l  P l a n t  G e n e t i c i s t ,  Southern 
 ores st Experiment  S t a t i o n ,  P, 0. Box 2008, GMF, 
G u l f p o r t ,  MS 39505 

MtZTERIALS AND METHODS 

The s tudy  a r e a ,  about 32 km n o r t h  o f  
Gul fpor t ,  M i s s i s s i p p i ,  had been s tocked w i t h  
second-growth longleaf  p i n e s  before  i t  was 
c l e a r c u t  i n  1958-59. The s o i l s  a r e  well-drained 
upland, f i n e  sandy l o a n s  i n  t h e  Poarch s e r i e s  
and t h e  Saucier-Susquehanna complex. Slope 
v a r i e s  from 0 t o  8 p e r c e n t  on t h e  g e n t l y  r o l l i n g  
land. 

One-year-old s e e d l i n g s  of longleaf  and 
l o b l o l l y  p ines  (P. t aeda  L,) were bar-planted a t  
3.05-by 3.05- spac ings  i n  February and March of 
1960. The des ign  was a s p l i t  p l o t ,  randomized 
complete block wi th  four  r e p l i c a t i o n s ,  Each 
block cons i s ted  of 10 p l o t s ,  5 p l o t s  were of 
l o n g l e a f  p i n e  and 5 p l o t s  were of l o b l o l l y  pine. 
Each p l o t  c o n s i s t e d  of 100 t r e e s  (10 rows by 10 
t r e e s )  surrounded by two rows of border  t r e e s -  
Tota l  s i z e  of t h e  p l o t s ,  inc lud ing  border  rows, 
was 0.21 ha. A d i f f e r e n t  c u l t u r a l  t rea tment  was 
appl ied  t o  each of t h e  f i v e  p l o t s  of each 
spec ies .  The f i v e  c u l t u r a l  t rea tments  were: 



C--Control, no c u l t i v a t i o n  o r  f e r t i l i z e r .  

P-O--Cultivated, but no t  fertilized. 

F-1--Cultivated, wLth a s ing le  application 
of 112 kg N, 24 kg F ,  and 47 kg K per 
ha * 

P-2--Cultivated, wi th  a single a p p l i c a t i o n  
of 224 kg N, 49 kg P, and 93 kg K p e r  
ha, 

F-4--Culrivated, wLrh a s i n g l e  a p p l i c a t i o n  
o f  448 kg N, 98 kg P ,  and 186 kg K 
p e r  ha. 

On c o n t r o l  p l o t s ,  stumps, s o i l ,  and 
competing v e g e t a t i o n  were no t  d i s t u r b e d ,  
Cul t iva ted  p l o t s  were c l e a r e d  of a l l  stumps and 
s l a s h ,  then  plowed, disked , and p lan ted ,  
C u l t i v a t i o n  c o n s i s t e d  of d i s k i n g  t h r e e  t imes each 
season f o r  3 y e a r s  a f t e r  p l a n t i n g  and mowing i n  
t h e  f o u r t h  and f i f t h  seasons,  F e r t i l i z e r  w a s  
app l ied  wi th  an a g r i c u l t u r a l  spreader  and disked 
i n t o  t h e  s o i l  i n  May 1961, 1  y e a r  a f t e r  p l a n t i n g ,  

I n  January 1983, t h e  e n t i r e  p l a n t i n g  was 
p r e s c r i b e  burned t o  reduce d l d f i r e  hazard,  I n  
Apr i l  1983, s o i l  s m p l e s  were taken from each 
p l o t ,  S m p l e s  were taken from t h e  top  25 cm of 
s o i l  from t h r e e  d i f f e r e n t  l o c a t i o n s  .within t h e  
p l o t ,  then d r i e d  and mixed thoroughly f o r  
a n a l y s i s .  Analyses of o rgan ic  m a t t e r  ( O M ) ,  P ,  R ,  
Mg, Ca, S ,  Zn, Mn, Fe, B,  Cu, and pH of the  s o i l  
were done by a commercial l a b o r a t o r y .  In  Ekrch 
1984, a l l  t h e  l i t t e r  w i t b i n  a  9-m2 a r e a  i n  t h e  
c e n t e r  of each p l o t  was c o l l e c t e d ,  ovendried,  and 
weighed, These samples represen ted  1 y e a r ' s  
l i t t e r  accumulat ion,  s i n c e  t h e  p l o t s  had been 
burned t h e  previous year ,  Beans were compared by 
a n a l y s i s  of var iance ,  S t a t i s t i c a l  s i g n i f i c a n c e  
was t e s t e d  a t  t h e  0.05 l e v e l  of p r o b a b i l i t y ,  

Fo l iage  samples were c o l l e c t e d  from both 
t r e e  s p e c i e s  i n  January 1984 on two of t h e  
cu l t iva ted-on ly  p l o t s  and f o u r  of t h e  c u l t i v a t e d  
p l o t s  t h a t  had received t h e  h i g h e s t  l e v e l  of 
f e r t i l i z a t i o n ,  Needles from t h e  upper crown of 
f o u r  t r e e s  n e a r  t h e  c e n t e r  of each p l o t  were 
c o l l e c t e d  and combined f o r  each p l o t  sampled. 
The f o l i a g e  samples, p lus  s m p l e s  of l i t t e r  from 
each of t h e s e  sample p l o t s  were analyzed f o r  N, 
P ,  K, Mg, Ca, S, Zn, Nn, Fe ,  B, Cu, and Al 
( t a b l e  21, Differences between t h e  two 
t r e a t m e n t s  f o r  each n u t r i e n t  were compared using 
a "t" t e s t  ( s p e c i e s  were combined), 

RESULTS AND DISGUSSIOK 

Figure  I shows the  OM and Grr c o n t e n t s  of 
t h e  s o i l s  24 y e a r s  a f t e r  c u l t i v a t i o n  and 
f e r t i l i z a t i o n  t rea tments .  C u l t i v a t i o n  a l o n e  
decreased CM f o r  both s p e c i e s ,  but  f e r t i l i z a t i o n  
combined wi th  c u l t i v a t i o n  re tu rned  OM l e v e l s  t o  
the 0% l e v e l  of t h e  c o n t r o l s ,  The e;N l e v e l  on 
some p l o t s  even exceeded t h a t  of t h e  c o n t r o l s ,  

There was a s i g n i f i c a n t  d i f f e r e n c e  in percentage 
s f  OM by species--M w a s  higher under  l o b l o l l y  
pines than  under longleaf  pines (fig, 11, 

'"L A ,  O R G A N I C  
M A T T E R  

CULTURAL TREATMENTS 

Figure  1.--Effects of c u l t i v a t i o n  and f e r t i l i z a t i o n  
on organ ic  m a r t e r  and copper con ten t  of s o i l s  
24 y e a r s  a f t e r  t rea tment ,  See t a b l e  1 f o o t n o t e  
f o r  d e f i n i t i o n s  of C ,  F-0, F-1, F-2, and F-4, 

Table 1 shows t h e  l e v e l s  of m i c r o n u t r i e n t s ,  
macronut r ien t s ,  OM, and s o i l  pH, by c u l t u r a l  
t rea tment  a f t e r  24 y e a r s ,  Copper con ten t  of t h e  
s o i l s  shows a  decrease  wi th  c u l t i v a t i o n  and 
i n c r e a s e  wi th  t h e  a d d i t i o n  of f e r t i l i z e r ,  
a l though  t h e  l e v e l  never  reached t h a t  of t h e  
c o n t r o l  ( f i g .  L B ) ,  T o t a l  Cu was g r e a t e r  under 
longleaf  p ine  than  under l o b l o l l y  p i n e s ,  t h e  
o p p o s i t e  of t h e  v a r i a t i o n  i n  OM ( f i g .  1). 

V a r i a t i o n  i n  s o i l  K ,  Zn, manganese Mn, Fe, and 
B by c u l t u r a l  t rea tment  was s i m i l a r  t o  t h e  
v a r i a t i o n  i n  Gu, a l though  t h e  d i f f e r e n c e s  were 
not always s t a t i s t i c a l l y  s i g n i f i c a n t  ( t a b l e  1). 

P r i t e h e t t  and Wells (1978) concluded t h a t  soil 
d i s t u r b a n c e s  a s s o c i a t e d  with s i t e  p r e p a r a t i o n  can 
r e s u l t  i n  n u t r i e n t  l o s s e s  i f  a s u i t a b l e  n u t r i e n t  
'"sink" i s  u n a v a i l a b l e  t o  absorb mobilized 
n u t r i e n t s ,  This  i s  a p p a r e n t l y  what 
has happened i n  t h e  p r e s e n t  s tudy.  C u l t i v a t i o n  
a l o n e  improved growth, but n o t  enough t o  c a p t u r e  
the  mobilized n u t r i e n t s ,  Growth of t r e e s  on t h e  
f e r t i l i z e d  pf o t s ,  however, was rap id  enough t o  
c a p t u r e  t h e s e  n u t r i e n t s  and then  OM was rep laced  
by Increased  r a t e s  of l i t t e r  f a l l ,  



L e ~ e l s  of s o i l  27, Mg, Ca, and S d i d  not  
fo l low any c o n s i s t e n t  p a t t e r n ,  a l though 
s t a t i s t i c a l  significance was obtained i n  the 
a n a l y s i  s of S con ten t  ( t a b l e  1 ) .  

There was a c o r r e l a t i o n  of pH with 
lSPl ( r  = -0.66). S o i l s  were l e s s  ac id  under  
c u l t i v a  ted-only t rea tments ,  r e f l e c t i n g  the Lower 
OM cone e n t  and t h e r e f o r e  l e s s  o rgan ic  a c i d s ,  

P r e s e n t  d i f f e r e n c e s  i n  s o i l  chemistry a r e  
i n s u f f i c i e n t  t o  e x p l a i n  the continued growth 
r e s p o n s e s  i n  t h i s  p l a n t i n g ,  At 22  y e a r s ,  b a s a l  
a r e a  i n  the  l o b l o l l y  p l o t s  t h a t  had received the  
h i g h e s t  r a t e  of f e r t i l i z a t i o n  averaged 23 & / h a ,  
v e r s u s  on ly  9 m2/ha on t h e  c o n t r o l  p l o t s  
( S c h i d  + l i n g  1984) . S i m i l a r l y ,  
d m i n a n t / c o d o m i n a n t  h e i g h t  was 21 m on t h e s e  
f e r t i l i z e d  p l o t s  v e r s u s  only 1 2  m on t h e  c o n t r o l  
p l o t s ,  and the  d i f f e r e n c e s  seemed t o  be 
i n c r e a s i n g .  The g r o w t M i f f e r e n c e s  between 
c o n t r o l  and cu l t iva ted-on ly  l o b l o l l y  pine p l o t s  
were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  age 22. 
L o n g l e a f  p ine  p l o t s  were n o t  measured i n  t h i s  
s tudy  ( Schmidt l ing 1984). At age 9 ,  however, 
c u l t i v a t i o n  a lone  had increased  growth of both 
s p e c i e s  over t h e  c o n t r o l s  (Schmidt l ing 1973). 
The e a r l y  c o n t r o l  of compet i t ion  a p p a r e n t l y  
outweighed t h e  decrease  i n  q u a l i t y  of t h e  s o i l  
due t o  c u l t i v a t i o n .  

T h e  amount of l i t t e r  depos i ted  on a l l  p l o t s ,  
a s  shown. I n  f i g u r e  2 ,  fo l lows  a  t rend  s i m i l a r  t o  
t h e  b a s a l  a r e a  d i f f e r e n c e s  noted above by 
S c h i d t l i n g  (1984) f o r  l o b l o l l y  p ine  p l o t s .  
There is more than  a four - fo ld  d i f f e r e n c e  among 
t r e a t m e n t s  f o r  a  s i n g l e  y e a r ' s  l i t t e r  
accumula t ion  f o r  both t r e e  s p e c i e s ,  and much 
g r e a t e r  amounts were accumulated on t h e  longleaf  
p l o t s  ( t a b l e  1 ,  f i g .  2) .  One would have expected 
s o i l  OEI t o  be g r e a t e r  on longleaf  p l o t s  because 
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of t h e  g r e a t e r  amounts of l i t t e r  be ing  d e p o s i t e d ,  
but  t h e  o p p o s i t e  was observed ( f i g .  1 A ) ,  This  
i s  undoubtedly due t o  t h e  f a c t  t h a t  i n i t i a l  
growth r a t e s  f o r  longleaf  p ine  were much less 
than f o r  l o b l o l l y  ( S c h i d t l i n g  1973). The 
p resen t  h igh  r a t e s  of l i t t e r  d e p o s i t i o n  on 
longleaf  p ine  p l o t s  i s  of r e c e n t  o r i g i n ,  

Chemical a n a l y s i s  of f o l i a r  and l i t t e r  samples 
i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  e i t h e r  
macronut r ien t s  o r  m i c r o n u t r i e n t s  among t r e a t m e n t s ,  
a l though  t h e  d i f f e r e n c e s  i n  P approached 
s i g n i f i c a n c e  i n  f o l i a r  samples (p = 0.08) ( t a b l e  
2) .  Fo l iage  from t h e  p l o t s  f e r t i l i z e d  a t  t h e  
h i g h e s t  l e v e l  averaged 0.048 percen t  P ,  compared 
t o  0,055 percen t  P on t h e  cu l t iva ted-on ly  p l o t s ,  
This  i s  s i m i l a r  t o  d i f f e r e n c e s  observed by T i a r k s  
(1983). Di f fe rences  i n  both f o l i a r  N and P might 
have been s t a t i s t i c a l l y  s i g n i f i c a n t  i f  a  l a r g e r  
sample s i z e  had been used. The same t r e n d s  of 
h igher  N and P on f e r t i l i z e d  p l o t s  is a l s o  
ev iden t  i n  t h e  ana lyses  of l i t t e r  samples ( t a b l e  
2). 

The d i f f e r e n c e s  i n  f o l i a r  n u t r i e n t s  a r e  
h e l p f u l  i n  exp la in ing  some anomalies i n  s o i l  
n u t r i e n t  c o n t e n t s  among spec ies .  S o i l  OM, P ,  K ,  
Efg ,  and Zn were a l l  h igher  i n  l o b l o l l y  p l o t s ,  
r e f l e c t i n g  t h e  g r e a t e r  i n i t i a l  growth of l o b l o l l y  
compared t o  l o n g l e a f ,  and t h e r e f o r e  g r e a t e r  
"capture" of mobil ized n u t r i e n t s .  S o i l  S  and Cu, 
however, were s i g n i f i c a n t l y  h igher  on l o n g l e a f  
p l o t s  than on l o b l o l l y  p l o t s .  The h i g h e r  
r e l a t i v e  l e v e l s  of S  and Cu i n  f o l i a g e  of 
longleaf  p i n e s  compared t o  l o b l o l l y  p i n e s  
i n d i c a t e s  ( t a b l e  2) t h a t  longleaf  may have a  
g r e a t e r  a b i l i t y  t o  absorb  these  n u t r i e n t s  from 
t h e  s o i l ,  cap tur ing  and recyc l ing  them a t  a  
h igher  r a t e .  

CONCLUSIONS 

Dif fe rences  i n  growth among c u l t u r a l  
t r e a t m e n t s  cannot  be accounted f o r  by d i f f e r e n c e s  
i n  s o i l  chemistry,  It i s  c l e a r ,  however, t h a t  
much l a r g e r  t o t a l  q u a n t i t i e s  of n u t r i e n t s  a r e  
contained i n  t h e  more i n t e n s i v e l y  c u l t u r e d  p l o t s ,  
bo th  w i t h i n  t h e  t r e e s  and r e - c i r c u l a t i n g  through 
l i t t e r  f a l l ,  It i s  t h e s e  d i f f e r e n c e s  t h a t  
account f o r  t h e  continued response t o  
f e r t i l i z a t i o n .  

The long-tern e f f e c t s  of c u l t i v a t i o n  p l u s  
f e r t i l i z a t i o n  i n  t h i s  s tudy  have been ' to  a c t w l l y  
enhance p r o d u c t i v i t y .  It appears  t h a t  p roper  
man;tgement could b e n e f i t  t h e  long-tern p r o s p e c t s  
of t h e  s i t e -  C u l t i v a t i o n  a l o n e ,  however, may cause  
a s i g n i f i c a n t  d e t e r i o r a t i o n  of s i t e  p r o d u c t i v i t y  
i n  t h e  long-tern. The use of h e r b i c i d e s  r a t h e r  
t h a n  mechanical s i t e  p r e p a r a t i o n  and c u l t i v a t i o n  
could perhaps o v e r c m e  t h e s e  problems. 

F igure  2,--be-year  accumulat ion of l i t t e r  
f o r  f i v e  d i f f e r e n t  c u l t u r a l  t rea tments .  
See t a b l e  I f o o t n o t e  f o r  d e f i n i t i o n s ,  



Table 1.--Various s o i l  p r o p e r t i e s  24 yea r s  a f t e r  f i v e  d i f f e r e n t  c u l t u r a l  treatments?/ 

Trea tment P P K Mg Ga S Z n Mn F e B Cu Organic pH 
(Bray) (NaHC03) ma t t e r  

"'----'-'-'"-'-""------------------Pp~------------------------------------- percent  

Control  (C) 1.00 3.88 37.0*2/ 35.1 48.8 9.0* 1.25 3.63 34.0 0.33 1.60* 1.71* 4.78* 

Cul t iva ted  ( F - o ) /  1.63 4.00 33.6* 39.3 60.0 24.5* 0.75 2.38 18.8 0.25 1.14* 1.41* 4.84* 

F e r t i l i z e d  (F-1) 1,13 4.88 45.1" 32.9 56.2 28.1" 1.45 5.88 31.3 0.31 1.40* 1.54" 4.79* 

F e r t i l i z e r  (F-2) 1.50 6.13 43.0" 40.5 62.5 18.4* 0.78 1.88 27.6 0,31 1.41* 1.66* 4.66" 

F e r t i l i z e d  (F-4) 1.00 3.88 37.0" 35.1 48.8 10.1* 1.16 2.63 26.1 0.31 1;43* 2.03* ~*4.78* 

I l ~ v e r a g e s  f o r  both longleaf  and l o b l o l l y  pine. - 

2/F-0 = c u l t i v a t e d  only;  F-1 = c u l t i v a t e d  p lus  112 kg N, 24 kg P ,  and 93 kg K pe r  ha; F-2 = c u l t i v a t e d  - 
p lus  224 kg N, 49 kg K and 93 kg K per  ha;  F-4 = c u l t i v a t e d  p lus  448 kg I?, 98 kg P and 186 kg K per  ha. 

3/*1ndicates t reatment  va lues  w i th in  a column were s i g n i f i c a n t l y  d i f f e r e n t  a t  t he  0.05 l e v e l  of p robab i l i t y .  - 

Table 2.--Nutrient conten t  of f o l i a g e  and l i t t e r  ( f a l l e n  needles )  of l o b l o l l y  and longleaf  pine p l o t s  
24 yea r s  a f t e r  i n i t i a l  t rea tment l /  

Mater ia l  and t rea tments  N P K Mg Ca S Zn Mn Fe B Cu A1 
analyzed 

----------------- percent------------------ -------------ppm------------- 

Loblol ly f o l i a g e  

c u l t i va t ed  only ( F - o ) /  1.23 0.050 0.57 0.13 0.21 0.050 19 506 48 13  3.0 430 
c u l t .  + f e r t i l i z e d  (F-4) 1.26 0.070 0.57 0.13 0.19 0.073 1 3  353 53 11  2.7 393 

Longleaf f o l i a g e  

c u l t i v a t e d  only ( F-0) 1.25 0.060 0.62 0.11 0.13 0.080 19 286 86 10 10 .0360 
c u l t . + f e r t i l i z e d ( F - 4 )  1.28 0.065 0.64 0.14 0.16 0.075 14 219 49 15 3 .5490  

Loblol ly l i t t e r  

c u l t i v a t e d  only (F-0) 0.39 0.085 0.21 0.13 0.35 0.025 8 710 70 14 2.0 425 
c u l t .  + f e r t i l i z e d  (F-4) 0.41 0.093 0.20 0.13 0.37 0.023 7 695 80 13  2 .0507  

Longleaf l i t t e r  

c u l t i v a t e d  only ( F-0) 0.30 0.090 0.17 0.10 0.30 0.040 13 328 104 10 2 .0480  
c u l t .  + f e r t i l i z e d  (F-4) 0.32 0.095 0.20 0.10 0.27 0.040 8 290 80 10 2 .0470  

l i l i t t e r  samples were taken i n  March 1984, fol lowing a prescribed burn i n  January 1983. - 
2 / ~ e e  t a b l e  1 f o r  d e f i n i t i o n  of F-0 and F-4. - 
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