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P R E F A C E  

As i t s  name implies, eke Southern SiPvieuSiture Research Conference is a 
place far  research scient is ts  to describe and df scuss  t h e i r  work i n  s f  lvi- 
c u l t u r e  Farest pract i t ioners ,  however, are always anxious to Learn the 
r e s u l t s  o f  s i l v i c u l t u r e  research, Many f i e l d  foresters at tended me Confer- 
ence, and m n y  mre w i l l  see a s s e  Proceedings, 6 hope t h e  form and con t en t  af  
t h i s  pub l i ca t ion  w i l l  f a c i l i t a t e  such use,  The 4982 Conference inc luded  m n y  
aspects of s i l v i c u l t u r e  research i n  the South, Eram s i t e  preparation ts har- 
vest ing and from p s  t management do w i  % d % i f e  mnagement e QE 1 9 2 pr~pasa l s  
submit ted as abstracts far considerat ion by the Program C o m m i t t e e ,  86 were 
selected for presentat ion a t  the Conference, The cr i t e r i a  far  selection i n -  
c luded timeliness, appropriateness sf subjec t  matter, and importance af  the 
m888898 r 

The Conference was organized and conducted ky a number o f  p ~ p L e  repre- 
s e n t i n g  u n i v e r s i t y ,  i n d u s t r y ,  and Forest Service research orqaniza t ions ,  
Csnference cochairmen f a r  the  5982 conference were Jahn W e  Henley and 
Gordan D B  Lewis, o f  the  Southern and Southeas te rn  S t a t i o n s ,  efSDW Forest 
Service, Others who served an the Program Plana inq  C o m m i t t e e  were: 

Roger P, BeZanqer, Southeastern Forest Experiment S t a t i o n ,  
Athens,  Gesrqia 

Charles E, M c G e e ,  Southern Forest Experiment S t a t i o n ,  
Suwannee, Tennessee 

James B, Baker, Southern Forest Experiment S t a t i o n ,  
Monticello, Arkansas 

Michael S ,  Golden, Auburn Univers i ty ,  
Auburn, Alabama 

Andrew W, E z e l l ,  Texas A&M U n i v e r s i t y ,  
College S ta t ion ,  Texas 

0,  Michael Beach, Champion I n t e r n a t i o n a l ,  
Hun t sv i l l e ,  Texas 

Harold J. H i l l ,  H a m m e r m i  1% Paper Company, 
Se  ha, Alabama 

Special thanks  are due to t he  con t r ibu to r s  who prepared and presented the 
research papers, and to the "1 moderators who presided aver $kre topic sessions 
and maintained a very s t r ic t  t i m e  schedule ,  manks a lso  qo to others who sub- 
mitted abstracts fo r  considerat ion by tine Prsqran C o m m i t t e e ,  and ts those who 
a t tended the Csnf erence and participated in the discussions o f  the presented 
papers lp 

Papers are published in t h i s  Prseeedings as ~ e y  were submitted by the 
au tho r s  --in caneramready form, Wuthsrs are responsible for  a e  content sf 
their papers, P r i n t i n q  and product ion were supervised by the Southeas tern 
Forest Experiment S t a t i o n ,  USDA Forest Service, Ashevi l le ,  North Carolina, 

EWEE P a  JONESI me 
Program Chairman 
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A SPEGTRTd7gI OF SITE PREPARATION ALTEWA-TIVEE 

l i IN TEE LOWER PLEi3240NT OF GEORGIA- 

2/ M. Boyd Edwards- 

Abstract.--At t h e  H i t c h i t i  Experimeatal Fores t  impacts 
of  var ious  s i t e  prepara t ion  t rea tments  a r e  being observed. A 
mature, n a t u r a l  s tand  of l o b l o l l y  pine and some hardwoods 
were harvested before  t h e  t rea tments .  The t rea tments  include 
I )  con t ro l ,  2 )  chainsaw and p l a n t ,  3)  shear with KG-blade and 
drum chop, 4) KG,  drum chop, and apply herb ic ide ,  5 KG,  
windrow, burn windrows and d i sk ,  and 6 )  KG, windrow, burn 
windrows, d i sk ,  f e r t i l i z e ,  and apply herb ic ide .  This paper 
reviews research  a c t i v i t i e s  from preharvest  t o  l-year post-  
ha rves t .  

INTRODUCTION 

The se l ec t ion  of  s i t e  prepara t ion  t rea tments  
f o r  r ep l an t ing  a f t e r  l o b l o l l y  pine (pinus taeda  
L . )  stands a r e  harvested on Pieilmont s i t e s  must 
be based on thorough knowledge of both s i l v i -  
c u l t u r e  and appl ied  ecology. Loblolly p ine  i s  a 
subclimax vegetat ion type ,  and some treatment i s  
l i k e l y  t o  be needed on many s o i l  t ypes  t o  prevent 
more t o l e r a n t  spec ies  from dominating s tands  
p l an t ed  a f t e r  harves ts .  The purpose of t h e  study 
descr ibed  here i s  t o  evalua te  t h e  e f f e c t s  of  
va r ious  i n t e n s i t i e s  o f  s i t e  prepara t ion  on t h e  
s u r v i v a l  and growth of  l o b l o l l y  p ine  i n  t h e  lower 
Piedmont Province of Georgia. The o r i g i n a l  s tand  
was c a r e f u l l y  sampled and charac ter ized  before  
t imber was harvested.  

The study a r e a  i s  i n  Jones County, Georgia, 
on t h e  H i t c h i t i  Experimental Fo re s t ,  20 miles 
no r th  o f  Macon. It i s  an 84.6-acre t r a c t  which 
supported a mixture of  p ine  and hardwood t h a t  
regenerated n a t u r a l l y  after  cotton f i e l d s  were 
abandoned i n  t h e  1930's. The condit ion i s  
t y p i c a l  of many fo re s t ed  s i t e s  i n  t h e  lower 
Piedmont. 
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A preharvest  inventory was conducted i n  t h e  
f a l l  of 1979. F i r s t  t h e  e n t i r e  a r ea  was divided  
i n t o  194 0.4-acre p l o t s  by means of a 2-chain x 
2-chain g r i d  system. Twenty of t he se  p l o t s  were 
randomly se l ec t ed  a s  a sample of  t h e  mature s t and*  
Thus, s l i g h t l y  more than 10 percent  of  t h e  study 
a rea  was smpled .  A 0.10-acre c i r c u l a r  p l o t  was 
e s t ab l i shed  a t  t h e  center  of each of t h e  square 
p l o t s .  Each overs tory  t r e e  was t a l l i e d  by spec ies  
d .b .h . ,  and he igh t ,  and was marked with a numbered 
aluminum t a g  a t  groundline. The t a g  allowed f o r  
add i t i ona l  d a t a ,  such a s  t r e e  age,  t o  be taken  f o r  
s e l ec t ed  p ines  a f t e r  harvest ing.  The unders tory  
was evaluated by a general  c l a s s i f i c a t i o n  system 
based on an es t imate  of t h e  percentage o f  cover i n  
g ra s s ,  v ines ,  and shrubs on %-milacre p l o t s  
d i s t r i b u t e d  on t h e  0.4-acre p l o t s .  

Biomass d a t a  were taken by harves t ing  a l l  
vegeta t ion  on t h e  %-milacre p l o t s  and sepa ra t ing  
it i n t o  g ra s se s ,  v ines ,  and shrubs. This ma te r i a l  
was ovendried i n  t h e  labora tory  a t  80° Cand 
weighed t o  t h e  neares t  0 . 1  gram. 

In spr ing  1380, t h e  e n t i r e  a rea  was c l e a r c u t -  
e r  a f t e r  ha rves t ,  f l o r a  on each ~i 

t h e  o r i g i n a l  s tudy 2 1 0 % ~  was surveyed. A 10-foot- 
wide t r a n s e c t  was made diagonally across  each 
0.4-acre p l o t ,  and t h e  f irst-growing-season 
invaders were co l l ec t ed .  These specimens were 
i d e n t i f i e d  and deposited i n  t h e  h e r b a r i m  a t  t h e  
B i t c h i t i  Experimental Forest .  



The site was prepared for planting in fall 
1991- %e experimental design is five replications 
of s i x  treatmen-bs i n  randomized blocks, Treatment 
plots each cover ~ F o s t  2 acres. The treatments, 
in order o f  increasing Intensity, are: 

1, . - - 3 e s  e p l o t s  
were planted in %he same mmner as the other 
treatment gSoLs acd will serve as controls for 
the stii*. 

2 , .--All trees 1-inch d ,b ,k ,  
or larger, were c71t with a chainsaw after the 
timber harvest. This treatment required abcut 8 
man-days for  10 acres. 

3. Shear m d  cbo~,--Ail standing hardwood trees 
were sheared with a KG-blade, and the area was 
s ing le  chopped with  a aruq chopper. 

4 . .--In addition 
to the shearing and chopping of' treatmend 3, $ cec 
Velpafi ~rri~iball~ pellets with 10 percent ac t ive  
ingredient were q p i i e d  st a rate of 25 lbsj'acre 
in March 1982. 

5 . .--Re sl&i:als 
were sheared with KG-blade, then the debris was 
pushed into windrows. %e windrows were alloknxl 
to dry for 3 ' ~ ~ e e k s  and then burned, Tne remaining 
debris and ash were scattered over the plot with 
a dozer blade, then  the plots were disked d t b  an 
offset harrow, 

6. 
apply herbicide.--me plots were sheared, wind- 
rowed, burned, sad disked as in treatment 5, 
Fertilizer md herbicide will be applied during 
the second growing season, 

Tine study area was planted. in January 1982 
at iz spacing o f  6 fee?; x 10 feet, The s e e a i n g s  
were improved lohlolly pine seedlings obtained 
from the Georgia Forestry Co 

Bimeter and height gror~%h w i l l  be measure6 
on the treatment plots. Trees from 50 

rando~2y- selected points within each treatment 
plot w i l l  be okserved, 

PRELIMIXmY RESULTS 

The preharvest inventory datz, were s&?mari zed 
by ealeldating three quantitative par%,'m,eterz-- 
re2a;ive decsitg, re la t ive  do~inance, and re la t ive  
freqcency fcr all t r e e s  inches d,b,b, or 
larger, where 

relative densi ty  = 

su? freqdency of a l l  species 
X 14C 

These three  valars were sl;z":ed to estimate the 
5mporlance value, 

Die  analysis of these data ( ~ 8 , h l ~  1) i n d i c e t e s  
that j_ohlolig pine was the dominmt overstcry 

he starrd aid t h a t  sweetqliro ( 
L,) and dogwood  ornu nus 

were the rnaJor codominants, 

A s o t a l  of 14 speeies of trees was found in 
the preklarvest stand ( ~ a k l e  2 1 Prncrg st e m  I- 
inch d,b ,h .  and larger, d,b,h, averaged 7.50 inckes 
and rmge2 up to 23 i~cbes; heigkt averaged 45.5 
f e e t  and ranged ug to 136 feet  able 2 1 ,  6;mcng 
61 smile  lcbiolly pi~es from the overstory, the 
m e a n  age w a s  45 years and the range was from 30 
to 63 years, 

Ground layer vegetation before harvest was 
according to the method of Oosticg 11956) Lo 
determine the percentage of cover for ~ a J c r  types 
of analyzed vegetation, This aa&lysia indicIlrted 
that 2%,10 percent of the t o t a l  groimd layer was 
various speeies of grasses, 10.35 2erccnd was 
vines, arrd 14-80 perceot was shri~bs. 

In terms o f  dry biomass in the ground layer 
there were 2-79 tonslacre in grass, L C 8  LonsJ 
acre In vines, and L-79 tocs/aere in shrubs, The 
total for the th ree  categcries was 9*66 tonslacre, 
wFiich is a sizeable res~urce, 

TkAe posthart-esl floristic su r -~ey  revealed 
specimens from 23 families, 02 genera, and 8s 
species, It included 4 fmil.ies 2C genera, a n d  
33 species of moaoeots--mostly grasses. Tne most 
frequent grass species were Panicm (8 species) ,  
Aristida ( 2  species 1, 
Erianthus (2 species),  
There were 19 families, 42 genera, and 56 s ~ e c i e s  
of dieots. Tke largest families were Asteraceae 
=d Fabaceae, iJomencla-i;ure in the l i s t  of species 
follows that of Fadford,  Jihles, sad Bell ! 1968 ) , 
when psssibic; - 

The frequency of eac3 species i s  the  
percentage o f  t h e  20 sanple p l o t s  en ~zhich the 
sgecies oeenrred. Zach species has been pLaced 
ic a frequency class zs Pcllows: 0-20 percert-- 
occasional ; 21-43 percent--frequent ; 41-60 
percent--cormon; 61-80 percec t - -ab~~~dmt ;  5l-lCG 
percen-5--very aburzda~t, A check l i s t  is available 
frox: the a - ~ t h o r ,  

X LOO total nw.ber of individuals 



Table 1.--Importance values ( I .v . )  f o r  all sterns h.5  inches d.b.h. o r  larger i n  preharvest  stand 

Species Rela t ive  Relative Relatlve Importance 1 - V .  
dens i ty  dominance f requeney value rmk 

P r m u s  sero t  i n a  

W s s a  sy lva t i ca  

Cornus f l o r i d a  -- 
Ulmus a l a t a  -- 
Quercus sp. 

Diospyros v i rg in i ana  

Pinus taeda  -- 
Juniperus  v i rg in i ana  

Liquidambar s ty rac  i f  l u a  

Liriodendron t u l i p i f e r a  

3.55 

4.02 

30.32 

ii. 80 

23.86 

3.136 

162.83 

1.37 

55.53- 

2.62 

Table 2.--Numbers and s i z e s  of indiv idual  t r e e s  I-inch d.b.h. o r  g r e a t e r  in preharvest  s tand  

Species  Number Mean Minimm Maximm 
indiv iduals  13,b.h. h t .  d.b.h. h t .  d.b.h. h t .  

Prunus s e ro t  i n a  

Nyssa sy lva t i ca  

Cornus f l o r i d a  -- 
Ulmus a l a t a  -- 
Crat aegus sp  . 
Carya sp. 

I l e x  opaca - 
Acer sp .  

Wereus  sp, 

Diospyros v i rg in i ana  

Pinus t aeda  -- 
Juniperus  v i rg in i ana  

Liqui  dambar s ty rae  i f l u a  

Liriodendron t u l i p i f e r a  

In.  - 

3.50 

4.20 

3. '$1 

3.23 

2.50 

2.75 

3.50 

2.28 

9.47 

3.00 

9.47 

5.17 
4.78 

5.00 

F t .  
v 

1-1;. 34 

30.18 

22.83 

23.59 

14. ~6 
24.41 

14.99 

21.56 

41.54 
%I. 00 

5zi. 13 

31.00 

35.73 

42. Lrg 

Ft .  - 
15.00 

22.00 

LO. 00 

4.00 

6. 00 

21.00 

25.00 

11.00 

L.60 

21.00 

I S .  60 

20.00 

I0 * 00 

36.00 

In. 
7 

5. 00 

8.00 

6.00 

6.00 

4.00 

4.00 

3.50 

4.00 

23.00 

3.00 

23.00 1 

7.00 

15.00 

I .  00 

ALL 1454 7.50 b5.47 I-. 00 4.00 23.00 136.00 



According t o  Raunkierts  '"aw of frequency" 
[0os t ing  lg56 ) ,  t h e  percentage of spec ies  expected 
i n  t b  c l a s se s  should be  approximately C>F>C = 
4 .  'This high percentage of spec ies  i n  t h e  0- 
20 percent  c l a s s  and t h e i r  absence i n  t h e  81-100 
~ e r c e n t  c l a s s  suggests t h a t  t h e  maJori ty of f i r s t -  
growing-season invaders a r e  e i t h e r  low i n  dens i ty  
o r  a o t  evenly ?Aspersed. The d i s t r i b u t i o n  is  a l s o  
i nd i ca t ive  of s diverse  f l o r a  m d  t h e  exis tence  of  
complex micro- macro-~zavirora~ents. 

S o i l  

i"iM e-xaluation was made of Ithe e f f e c t s  of t h e  
various i n t e n s i t i e s  of s i t e  prepara t ion  on t h e  
chemical and phys ica l  p rope r t i e s  of  t h e  s o i l ,  with 
t h e  he lp  of D r .  J i m  Mi l l e r  of  t h e  Soutkern Fores t  
m e r i m e n t  S t a t  ion.  

Composite samples w e r e  co l l ec t ed  wi th  a 
Lord-tube s m p l e r  a t  each of' two depths (0-6 inches 
&,.id 6-28 inches)  a t  25-foot i n t e r v a l s  along t h e  
diagoaal  t r m s e c t  on each p l o t .  A core sample was 
a lso ex t r ac t ed  a t  a dep-kh of 2% inches wi th  an 
inpact  sampler a t  every 5 th  sample poin t  on each 
t r a n s e c t .  Approximately 3 miles of t r m s e e t  were 
e s t ab l i shed  through t h e  study a r e a  f o r  sampling 
t h e  s o i l .  Smiples were taken i n  1981 p r i o r  t o  
s i t e  prepara t ion  t rea tments ,  m d  again i n  t h e  
spr ing  of  1982 a f t e r  t rea tments .  

The s o i l s  on the stu&;s s i t e  a r e  eroded; t h e  
A-horizon i s  p a r t i a l l y  o r  wholly missing due t o  
c u l t i v a t i o n  t h a t  ceased approximately 60 years  ago. 
An a r e a  adjacent  t o  the study- p l o t s  i s  eroded t o  
t h e  C-horizon with g u l l i e s  over 18  f e e t  deep. The 
s o i l s  on t h e  study s i t e  a r e  c l a s s i f i e d  8s  U l t i s o l s  
and raay be defined m r e  p rec i se ly  a s  fol lows:  

S e r i e s  Family Subgroup 

a.  Ceci l  C I ~ Y ~ Y ,  'FQrp i c  Eapludizlt s 
kaolin it i c  , 

t h e m i  c 
1. Stan* loam 
2.  Sandy- c l ay  loam 

b. Davidson Clayey, 
k a o l i n i t i c  , 

thermic 

c .  Vaslce Clayey, 
mixed, 

Lhemic  

Rhodic Paleudul t s  

Se r i e s  appear t o  chmge with t h e  aspects  of  
t h r e e  r i dges  t h a t  a r e  or ien ted  i n  a southeast  
d i r ec t ion  o f f  a aa in  r i dge  t o  t h e  northwest. 
I n t e r n i t t e n t  s t r e m s  with broad,  f l a t  s i des  
separa te  t h e  r i dges ,  and a perennia l  stream bounds 
t h e  s i t e  t o  t h e  south and e a s t ,  

Composite samples w i l l  be a i r -dr ied  and 
ground Lo pass a 2 ri s ieve .  Duplicate 5 g sub- 
samples w i l l  be ex t r ac t ed  i n  i N NHIOAC with 10- 
minute shaking time t o  d e t e r ~ i n e  ex t r ac t ab l e  
calcium, rna@esitm, and potassium. Mmganese w i l l  
be ex t r ac t ed  with l T i  NB "AC and in t e rmi t t en t  4" 
shaking f o r  6 hours. After  f i l t r a t i o n ,  ca t i ons  
w i l l  "s q u m t i f i e d  by s t m d a r d  atomic absorption 
techniques.  

To ta l  n i t rogen and phosphorus w i l l  be 
determined i n  i iuplicate 1-9 subsmples  a f t e r  wet 
d iges t ion  wi th  s u l f u r i c  ac id  a t  3 1 0 ~ ~ .  Nitrogen 
w i l l  be quantif ied with ;asl onia-specif ic  ion 
e l ec t rode  wid phosphorus by t h e  molybdenm blue  
method. 

Core samples w i l l  be placed i n  pressure 
ex t r ac to r s  a t  113 and 15 atmospheres tens ion  and 
then ovendried t o  determine ava i l ab l e  moisture and 
bulk dens i ty .  

The s o i l  s m p l e s  have been col lec ted  and 
shipped t o  t h e  Auburn labora tory  f o r  ana lys is .  
Results  of  t he se  da t a  w i l l  be presented a t  a l a t e r  
da te  . 

The o r i g i n a l  s tand condi t ion ,  including 
understory vegeta t ion  and s o i l s ,  has been 
documented. The merchantable t r e e s  have been 
c l e a r c u t ,  s i x  l e v e l s  of s i t e  prepara t ion  have been 
i n s t a l l e d ,  and a l l  p l o t s  have been p lanted  wi th  
gene t i ca l ly  improved lobiof l y  p ines  a t  a 6- x 
10-foot spacing. Performance of t h e  planted t r e e s  
m d  t h e  occurrence of growth of eoapeting 
vegeta t ion  w i l l  be monitored through the  p ine  
r o t  a t  ion.  Ecological  da t a  r e l a t e d  t o  succession,  
competi t ion,  and edaphic s t a t e  w i l l  be u t i l i z e d  
i n  de l emin ing  s tand response t o  t h e  s p e c i f i c  
t rea tments .  

LITmAZ"UFE CITED 

4 1  Class 0 will nomal i j -  be very high - 
because of the n~x~ierous sporadic spec ies  t o  be 
f o m d  with low frequency i n  mosd s t a d s .  K a s s  
V, and t o  a Lesser extent  A ,  mst always be 
r e l a t i v e l y  high because of' t h e  spec ies  %ha% 
dominate t h e  commity. If quadrants a r e  enlarged,  
c l a s se s  0 and V w i l l  en large  and t h e  l e s s e r  
c l a s se s  w i l l  decrease accordingly.  Frequency 
c l a s s e s ,  t he re fo re ,  a r e  eomparahle only when based 
upon samples of the same size. 
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AS AFFECTED BY SITE PWPWTZOH ON THE 

SOUTH CAROLINA MID GEOXGIA P IEDWNT~'  

a /  D, 0, Lantagne and J. A. Burger- 

Abstract,--Studies were installed on 12 s tudy  s ires,  on 
the  South Carolina ;and Georgia Pierirnont, to deternine t h e  
e f f e c t s  of several s i t e  preparation methods on l o b l o l l y  pine 
survival and growth, A;asng t h e  seven treatments, t h e  shear- 
p i le -d isk ,  shear-disk, shear-V-blade-disc, and chop-burn 
treatments s i g n i f i c a n t l y  imprtllved l o b l o l l y  p ine  survival  and 
growth by 26 and 59 percent  respectively compared t o  t h a t  s f  
t h e  chemical and control  treatments, The benef ic ia l  e f fec t  
on su rv iva l  and growth b y  t i l l a g e  treatments was equalled by 
t h e  chsp-burn treatment,  Subsoi l ing  improved surv iva l  and 
growth 32 aad 36 percent,  respectively,  over t h s t  of t he  
control  Ffhdle d i s e ing  improved survival and growth 22 and 30 
percent,  respectively* Results show t h s t  good s u r v h a l  and 
e a r l y  growth i s  dependent upon intensive s i t e  preparation on 
the P i e b o n t ,  These first-year resul ts  and inferences are 
tentat ive  pending f u t u r e  measurements and evaluations, 

Regeneration of i n t ens ive ly  mlsanaged southern 
p ine  f o r e s t s  i s  accomplished primarily through 
clear f e l l i n g ,  s i t e  preparation and p lant ing  
(McClurkin and Moehring, 1978); however in achieving 
t h i s  goal ,  considerable va r i a t ion  i n  approach 
exists. Timber merchantability s t m d a r d s  a f f e c t  
the amount of material remaining a f t e r  harves t ,  
which i n  turn  iaffeccs t h e  choice of sj t e  p r e p a r a t i o n  
technique, job q u a l i t y  and cost,  S i t e  prepara t ion  
can be  accomplished with chemical, f i r e  o r  
mechanical methods and i s  comoniy def ined  as a set  
of procedures which provides conditions favorable 
t o  seedl fng  survival and growth (Post, 1974) .  The 
techniques most camonly  employed are  shearing, 
p i l i n g ,  d isc ing ,  bedding, chopping, herbf cidbng , 
burning and subsoilfng.  Several authors (Brom, 
1971; Burns and R e p o l d s ,  1972; Packer, 1972; 

I /  Research funded and established i n  
a=oogeyat$on with the  Western Caapnlirea Region s f  
ChaapPon In t e rna t iona l  Corporat ion,  Paper pre- 
sented  at  the  Second Biennial  Southern Silvieultural 
Research Conference, Atlanta, Georgia, M~~ernher 
4-5, 1982. 

2 1  Graduate Ass is tan t  and Assistant Professor 
of ~ o k s  t S o i l s  respect ively ,  a& Virginia Polytech- 
n i c  institute and Stare Universi ty,  Blacksburg, 
V i r g i n i a ,  

., 1976; Schultz, 1976) have listed 
reasons f o r  mechanical s i t e  preparation; s m e  o f  
which are appl icable  t o  chemical and f ire  s i t e  
p r e p a r a t i o n  as wel l . ,  The reasons inc lude  
$1 o p t i m i z i n g  the s o i l  moisture regime; 2)  organic 
matter i nco rpo ra t i on  t o  increase mineralizatton 
and n u t r i e n t  release to promote early growth; 
3 )  reduce vege ta t i on  competing f ox  s a i l  mnsisture 
and nu t r i en t s ;  4 )  c lear ing the land making planting 
easier ;  5) increase woad preduerdon due t o  both 
increased survival and seedling growth; 6 )  shorten 
t h e  length of the  ro ta t ion t o  optimize the  f i n a n c i a l  
re turn;  and 7 )  allow use s f  gene t i ca l ly  i q r m e d  
planting s tock,  

Although most of t h e  aforementioned s i t e  
preparation techniques are used i n  the  Piedmont, 
there  present ly  exists Li t t le  docmenta t ion  of 
the i r  e f f e c t  on surviva l  and growth. S tudies  on 
the  e f f e c t  o f  various s i t e  preparation techniques 
an l s b l o l l y  pine survival and growth have been 
carried ou t  by forest  i ndus t r i e s  sa the Piedmont 
but t h e  results have not  been wide ly  d%ssemfnated, 
Baines (1978) studied the ef fec t  of several site 
preparation techniques on LobIolLy p ine  survival 
and growth, h e  o f  s e v e r a l  treatments was discing,  
and when compared t o  the con t ro l ,  the  resu l t s  
indicated no s ignif icant  increases i n  survival,  
he ight  and seedl ing  voIaes a f t e r  two  growing 
8 e B S O n 8 .  



The effects of subsoiling on survival and 
growth of horticultural and forest tree species 
on the Piedmont have been evaluated. Savage et 
al. (1968) reported that subsoiling prior to 
planting of peach trees affected survival and 
growth when measured 3 and 13 years after 
establishment, At 3 years, height growth of 
seedlings in the unsubsoiled treatments was 50 
percent less than seedlings in the subsoiled 
treatments. Seedling volumes were also substan- 
tially improved. After 13 years, survival and 
seedling volume were approximately 25 percent 
better in the subsoiled treatments. Berry (1979), 
working in the Piedmont of Georgia, found that 
subsoiling increased height and root-collar 
dimeter of five year old loblolly (Pinus taeda) 
and shortleaf pines (Pinus enchinata) by 5 and 
10 percent, respectively. The resulting increase 
in seedling volume of 19 percent was a significant 
improvement. Berry concluded that subsoiling 
would be beneficial on many sites of this type. 

The objective of this research was to 
quantify the effect of several site preparation 
prescriptions on first-year survival and growth 
of loblolly pine. 

PROCEDURES 

Study Sites 

Three study areas in the central Piedmont, 
two in western South Carolina and one in eastern 
Georgia, were selected. The South Carolina areas 
were located in Fairfield and Newberry counties, 
and the Georgia areas in the counties of Wilkes 
and Oglethorpe (fig. 1). Four sites supporting 
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Figure 1.--Map of the Southern Piedmont showing 
the location of the study sites, 

sites were yellow-poplar (Liriodendron tulipifera), 
post oak (Quercus stellata), white oak (Quercus 
alba), water oak (Quercus nigra), and willow oak - 
(Quercus phellos). Eastern red cedar (Juniperus 
virginiana) was often an understory component, 
The clearcut stands ranged in age from 30 to 50 
years, with site indices (base age 50) ranging 
from 68 to 90. 

In addition to forest cover, sites were 
selected on the basis of similarity in soil type, 
The soils of the study sites were Appling, Pacolet, 
Cecil or Hiwasee which have minor differences in 
the depth, color and texture of the subsoil (SCS, 
1975). The soils are deep, well drained with medium 
fertility and moderate permeability. All are 
clayey, kaolinitic, thermic, Typic Hapludults except 
Hiwasee which is a Typic Rhodudult. The uneroded 
surface soils are predominantly sandy loam and the 
subsoils range from a sandy clay to clay. Bulk 
density of the surface soils ranged from 1.17 to 
1.24 gms/cm3 prior to disturbance. 

Site Prescriptions 

A spectrum of operationally feasible prescrip- 
tions, varying in intensity and cost, were included 
in the study. The seven treatments ranged from a 
control to a 3-pass prescription. They included: 

1. Control 
2. Herbicide and burn 
3. Chop and burn 
4. Shear, rake-pile 
5. Shear and disc (l-pass) 
6. Shear, V-blade and disc (2-pass) 
7. Shear, rake-pile , disc (3-pass) 

Figure 2 shows an idealized layout of the 
I study. Treatments within study sites ranged in size 

from three to five acres. All treatments were 
applied in the summer and fall of 1980. Glyphosate 
was aerially applied at a rate of 1 gallon ~oundu~R 
per acre. After six weeks the treated areas were 
burned. 

Blov-up of one 
block ahouing 
traa trccnt 
arr&n((aaat 

Subsof l ing 
aab-study 

Figure 2.--Idealized experimental layout of the site 
preparation treatments and' controls, 

natural, mature loblolly pine-hardwood stands, 
were selected within each area and clearcut in the The shear and disc prescription (5) was applied 
summer of 1980. The prevalent hardwoods on the with shearing and discing occurring simultaneously. 



Residual vege t a t i on  was sheared i n  place;  however 
some p i l i n g  occurred when vegeta t ion  and deb r i s  
was excep t iona l ly  heavy. The shear ,  V-blade and 
d i s c  t r ea tmen t  (6) cons is ted  of shearing r e s idua l  
vegeta t ion  i n  place with t he  f i r s t  pass ,  followed 
by a V-blade and d i sk  wi th  t he  second pass. The 
V-blade a l i g n e d  the  sheared ma te r i a l  i n t o  small 
windows between which the  s o i l  was disced.  The 
remaining s i t e  prepara t ion  p re sc r ip t ions  a r e  s e l f -  
explanatory .  A l l  t reatment a r eas  were planted 
by machine, with 1-0 gene t i ca l ly  improved l o b l o l l y  
pine,  w i t h  t he  exception of t h e  con t ro l  and herbi-  
c ide  p l o t s  which were hand planted.  Five 0.1 
ac re  s u b p l o t s  were randomly loca ted  wi th in  each 
treatment p l o t .  Each subplot  contained approxi- 
mately 64 seedl ings  which provided about 320 
measured t r e e s  per t reatment.  

Subsoil ing Study 

The subsoi led  p l o t s ,  loca ted  only i n  t he  
Georgia a r e a ,  have a 2 x 2 f a c t o r a l  arrangement 
of t r ea tmen t s  i n  a s p l i t - p l o t  design ( f i g .  3). 
Each of t h e  four  r e p l i c a t e s  i s  0.8 ac re  i n  s i z e  
and con ta ins  t he  fol lowing four  0.2 ac re  t r e a t -  
ments: 

I .  Control  
2. Subsoi l  ( s ing l e  24 i n  (60 cm) long 

too th )  
3. Disc (tandom harrow wi th  35 inch (90 cm) 

diameter  d i s c s )  
4 ,  Disc  and subso i l  

tlOT DISCED DISCED 

............................... ............................... 

............................... ............................... 
............................ 

.............................. .............. 
--------------------------- ........ .......... ............ .PJ. mtm.  

............................. 
.............................. ............................... 

------------------------------ 
.............................. .............................. 

............................ .............................. 

100 FT 

Figure 3.--Experimental layout  of t he  subsoi l ing  
study. 

Subsoi l  furrows ( s p l i t - p l o t )  were made 
across  t h e  disced and non-disced main p lo t s .  The 
s i t e s  were machine p lanted  with 1-0 gene t i ca l ly  
improved l o b l o l l y  pine seedl ings ,  wi th in  and 
between furrows, f o r  a t o t a l  of 18 rows a t  a 
f i n a l  seedl ing  spacing of 8 x 8 f e e t .  A l l  plant-  
ing  was accomplished i n  l a t e  March 1981. 

Approximately 100 t r e e s  were measured f o r  
each treatment a t  each s i t e .  Survival ,  t r e e  he igh t ,  
and root -col la r  diameter were recorded i n  e a r l y  
m r c h  1982. Data wi th in  each a rea  was analyzed 
separa te ly  using analys is  of variance procedures 
(Sokal and Rohlf, 1969). This paper r e p o r t s  on 
these  f i r s t -yea r  r e s u l t s .  

RESULTS 

S i t e  Preparat ion Prescr ip t ions  

Seedling su rv iva l  i n  t he  f i v e  mechanical 
t reatment p lo t s  was s i g n i f i c a n t l y  b e t t e r  t han  
seedling surv iva l  i n  t h e  herbicide-burn and con t ro l  
p l o t s  (Table 1) .  Survival  was 30 percent  b e t t e r  
i n  t he  shear-pile  and shear-pile-disc p l o t s ,  and 
22 percent  b e t t e r  i n  t he  shear-pile  and chop-burn 
p l o t s  as  compared t o  t he  herbicide-burn and con t ro l  
p lo ts .  The d i f f e r ences  among mechanical t rea tments  
were no t  s i g n i f i c a n t  with t he  exception of t h e  
shear-pile-disc which had s i g n i f i c a n t l y  b e t t e r  
su rv iva l  than the  chop-burn treatment. 

The mechanical t reatments,  with t he  except ion  
of t h e  shear-pile  p re sc r ip t ion ,  improved he igh t  
growth by a s i g n i f i c a n t  11 percent  over t h a t  of 
t he  herbicide-burn and con t ro l  t reatments (Table 1) .  
The shear-pile-disc had s i g n i f i c a n t l y  g r e a t e r  
he ight  growth than the  chop-burn treatment,  but  
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 the  o t h e r  
mechanical t reatments,  again with t he  exception of 
t he  shear-pile  t reatment.  

Except f o r  t he  shear-pile  t reatment,  s eed l ing  
volumes ( D ~ H  volume index) were s i g n i f i c a n t l y  
improved by mechanical p re sc r ip t ions  (Table 1) .  
The shear-V-blade-disc and shear-pile-disc 
p re sc r ip t ions  improved volume about 60 percent  
over t h a t  of t he  herbicide-burn and con t ro l  t r e a t -  
ments and 40 percent  over t he  shear -p i le  prescr ip-  
t i on .  The shear-disc and chop-burn t rea tments  
improved volume nea r ly  50 percent  over t h e  herb ic ide-  
burn and con t ro l  t reatments,  and a nons ign i f i can t  
25 percent  over t h e  shear-pile  t reatment.  

Subsoil ing Study 

Subsoil ing and d i sc ing  s i g n i f i c a n t l y  increased  
seedl ing  su rv iva l  by 22 and 12 percent ,  r e spec t ive ly ,  
and seedl ing  volume by 13 percent f o r  both t r e a t -  
ments (Table 2). The d i s c  x subsoi l  i n t e r a c t i o n  
was a l s o  s i g n i f i c a n t  f o r  su rv iva l  and seed l ing  
volume meaning the re  was an add i t i ve  e f f e c t  f o r  t he se  
two treatments.  

An ana lys i s  of t he  s i g n i f i c a n t  i n t e r a c t i o n  
term f o r  su rv iva l  showed t h a t  subsoi l ing  improved 
su rv iva l  by 12 percent  over d i s c ing  a lone ,  and by 
32 percent  over t he  con t ro l ,  while d i s c ing  a lone  
improved su rv iva l  by 22 percent  over t h e  con t ro l  
( f i g .  4) .  An ana lys is  of t he  s i g n i f i c a n t  d i s k  x 
subso i l  volume i n t e r a c t i o n  showed a s i g n i f i c a n t  
30 percent  increase  over t he  cont ro l  by both t r e a t -  
ments ( f i g .  5). 



Table 1.--toblolly pine survival and growth as affected by site preparation rreatments, 

Site Preparation 
Treatments 

Volume 
Survival Height Diameter 1nde2l 

Control 45- 3 f 27,5a 5a 9 a 
2 1 Herbicide- and Burn 47a 28.3a 5 a llab 

Chop and Burn 5 8b 30,6b 6ab 20cd 

Shear, Rake-Pile 59bc 28,743 6ab 15bc 

Shear and Disc (I-pass) 65bc 30.9b 7h 20cd 

Shear, V-Blade and Disc 
(2-pass) 59bc 30.9b 7b 

Shear, Rake-Pile, Disc 
(3-pass) 67e 

L/ Volume Index = d2 'x ht 

2' Glyphosate as ~ound-upR applied by helicopter in September. 

2/ Means with different subscripts are significantly different at the .05 level of 
probability using ~uncan' s Multiple Range Test, 

DISCUSSION 

During site preparation and planting, and 
for some months following, the southeatatern 
United States experienced drought conditions. f n  
the period from June 1980 to June 1981, actual 
rainfall averaged 13 inches below nomi3.1, Six 
tenths of an inch was received 27 days prior to 
planting on the Georgia sites, however in the 15 
days after planting 2,f inches of rainfall 
was received in two events. Only 1,25 inches of 
rain was received on the South Carolina sites over 
a 44-day period prior to planting. While the 
seedlings were planted over a period of several 
days during which 1.3 inches of rain was received, 

there were only 0.8 inches of rain over the next 
28 days, The lack of rainfall during thie 
critical period of seedling establishment is 
largely reeponsible for the overall poor seedling 
survtval on these sites, 

The site preparation prescriptions used i n  
this study vary in cost, competition control, 
degree of tillage, and the extent to which organic 
materials were manipulated, Shearing, chopping 
and herbicides reduce the amount of residual 
material which could compete with seedlings for 
light, moisture and nutrients. After shearing, 
mterfal is raked into piles which allows for 
effective discing and easy planting. Chopped and 

Table 2,--Loblolly pine survival and growth as affected by subsoiling and discing, 

Site Preparation Volume 
Treatments Survival Neight Diameter 1nde&/ 

Control 72- 1 / 31'6a 7 a 2 0a 

Disc 82b 31.7a 7a 23b 

Control 

Subsoil 

L' Means with different subscripts are significantly different at the .05 level of 
probability using Duncan's Multiple Range test. 

2 Volume Index = d x ht. 
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Figure 4.--Interact ion e f f e c t  of d i s c ing  and 
subso i l i ng  on l o b l o l l y  pine surv iva l  (percent)  . 

he rb i c ided  areas  a r e  normally burned t o  reduce the  
amount o f  res idual  ma te r i a l  a t  ground l e v e l  and t o  
c o n t r o l  sprouting hardwoods. Burning the  t r e a t e d  
area  provides  r ead i ly  a v a i l a b l e  n u t r i e n t s  f o r  
s e e d l i n g s  and leaves t h e  l a r g e r  ma te r i a l s  t o  de- 
compose and slowly r e l e a s e  n u t r i e n t s  over t he  
long term. Discing, t h e  f i n a l  s t e p  i n  t he  shear- 
rake-disc  treatment i s  o f t en  thought t o  be neces- 
s a ry  f o r  the enhancement of surv iva l  and growth. 
The d i s c  does provide competition con t ro l  through 
s o i l  t i l l a g e ,  and with t he  incorpora t ion  of organic 
mat ter ,  increases  short-term minera l iza t ion  and 
a v a i l a b l e  nu t r i en t s .  

The shear-V-blade-disc treatment l e f t  t he  
organic  ma te r i a l s  on t h e  s i t e  by e l iminat ing  the  
rake b u t  re ta ined  the  b e n e f i c i a l  e f f e c t s  of s o i l  
t i l l a g e .  The shear-disk opera t ion  reduced the  
necessary  passes f o r  s i t e  prepara t ion  t o  one and 
provides  both t he  b e n e f i t s  of d i s c ing  and l a rge r  
long t e rm n u t r i e n t  pools.  

With each reduct ion  i n  t he  number of passes 
t h e  d i s k  was l e s s  e f f e c t i v e  i n  t i l l i n g  the  s o i l  
su r f ace ,  however t he  shear-rake-disc p re sc r ip t ion  
d id  n o t  r e s u l t  i n  b e t t e r  su rv iva l  o r  growth when 
compared t o  t he  o the r  p re sc r ip t ions  using the  d i sc .  
Seedl ings  i n  t he  chop-burn treatment d id  equal ly  
a s  we l l  i n  su rv iva l  and growth a s  those i n  the  
shear -d isc  and shear-V-blade-disc p lo t s .  Discing 
i n  t h e  3-pass p re sc r ip t ion  d id  not  enhance the  
s eed l ing  volume growth over t h a t  achieved by the  
chop-burn treatment and i n  general  has not  provided 
a s i g n i f i c a n t  reason f o r  i t s  use t o  da te .  The 
herbicide-burn treatment d id  poorly which i s  thought 
t o  be due i n  p a r t  t o  a h igher  l e v e l  of vegeta t ive  
competi t ion.  

While subsoi l ing  d id  improve surv iva l  and 
growth, i t  should be noted t h a t  dry s o i l  condit ions 
al low f o r  e f f e c t i v e  breakage of compact subso i l s  
and t h a t  s o i l  condi t ions  a t  the  time of study 
establishment were probably d r i e r  than could be 
expected i n  a year of normal r a i n f a l l .  The e f f e c t  

S i J R S G I L  IIvG 

CONTROL 

Figure 5.--Interact ion e f f e c t  of d i s c ing  and 
subsoi l ing  on l o b l o l l y  pine seedling volume (cm31. 

of t he  d i s c  + subsoi l  combination on seedlPng 
su rv iva l  and growth was n e i t h e r  add i t i ve  nor 
s y n e r g i s t i c  and appears t o  be an expensive a l t e r -  
na t ive  t o  d isc ing  or  subsoi l ing  only, Although 
subsoi l ing  alone improved seedl ing  survival corn- 
pared t o  d i sc ing ,  i t  d id  not  improve seedl ing volume 
over t h a t  of d isc ing  and i s  an expensive a l t e rna -  
t i v e  t o  d isc ing  alone. A s  seed l ings  grow ,  t he  
loosened subsoi l  may provide a g rea t e r  e f f e c t i v e  
s o i l  volume f o r  root ing  and provide b e n e f i t s  nct 
y e t  d i s ce rn ib l e  wi th in  the f i r s t  growing season, 
Overal l  t h i s  study showed t h a t  improved survival. 
and growth was dependent upon some type of in ten-  
s i v e  s i t e  prepara t ion .  

CONCLUSIONS 

Firs t -year  r e s u l t s  show the  b e n e f i c i a l  effect 
of mechanical s i t e  prepara t ion  on e a r l y  seedling 
su rv iva l  and growth. The chop-burn treatment was 
a s  e f f e c t i v e  a s  t he  shear-disc,  and shear-V-blade- 
d i s c  treatments f o r  improving seedling su rv iva l  
and he ight  growth and was not  s i g n i f i c a n t l y  d i f f e r -  
en t  from the  shear-rake-disc treatment i n  volume 
growth. Subsoil ing s i g n i f i c a n t l y  improved seedl ing  
su rv iva l  over t h a t  of d isc ing  and the  c o n t r o l ,  but  
t he  d i s c  + subsoi l  combination d i d  n o t  significmtly 
improve seedling survival. over t h a t  of subsoiling 
alone. Subsoil ing does not  s i g n i f i c a n t l y  improve 
seedl ing  growth over t h a t  achieved by discing and 
appears an expensive a l t e r n a t i v e  t o  d i s c i n g  i n  
e i t h e r  case ,  These a r e  f i r s t -yea r  r e s u l t s  and 
inferences  made a r e  only t e n t a t i v e  pending f u t u r e  
measurement and evaluation.  

The authors a r e  g r a t e f u l  f o r  the assistance 
provided by Champion In t e rna t iona l "  f o r e s t e r s  
and s i t e  prepara t ion ,  f i e l d  and equipment personnel  
i n  the i n s t a l l a t i o n  of t h i s  study, 
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GENETICALLY IMPROVED AND imIMPROVED SLASH 

PIEE ON A FLORIDA FLATWOODS S I T E  / 

2/ Kenneth Id. O u t c a l t  - 

Abst rac t , - -  I n  1971 g e n e t i c a l l y  improved and unimproved s l a s h  
p i n e  (Pinus eE2iottii Engelm.) s e e d l i n g s  were p lan ted  on n o r t h  F l o r i d a  
f la twoods s i t e s  prepared by four  d i f f e r e n t  methods: no t rea tment  (con- 
t r o l ) ,  p r e s c r i b e d  burn,  burn -+ double d i s k ,  and burn + double d i s k  + 
bed,  Ten y e a r s  a f t e r  p l a n t i n g ,  s u r v i v a l  of s e e d l i n g s  e s t h l i s h e d  under 
a l l  t r ea tment  c o n d i t i o n s  was e q u a l l y  good, averaging almost 90 percen t .  
There were no d i f f e r e n c e s  i n  d iameter ,  h e i g h t ,  o r  volume between con- 
t r o l  and burn-only p l o t s .  Disking s i g n i f i c a n t l y  increased  average t r e e  
diameter  and h e i g h t ,  Volume product ion was 60 percen t  g r e a t e r  on t h e  
disked than  on c o n t r o l  o r  burn p l o t s ,  Bedding a f t e r  d i s k i n g  was no 
b e t t e r  than  d i s k i n g  a lone .  G e n e t i c a l l y  improved s t o c k s  y ie lded  about 
40 p e r c e n t  more wood than  unimproved s toek  a t  age 50- 

I n t e n s i v e  s i te  p r e p a r a t i o n  bas  become a 
s t a n d a r d  p r a c t i c e  f o r  e s t a b l i s h e n t  of pine plan-  
t a t i o n s  an most s i t e s  i n  t h e  A t l a n t i c  and Gulf 
C o a s t a l  P l a i n s .  P a s t  work has shown t h a t  mech- 
a n i c a l  s i t e  p r e p a r a t i o n ,  such as d i s k i n g  andlor  
bedding ,  can i n c r e a s e  i n i t i a l  s u r v i v a l  and growth 
sf p l a n t e d  p i n e s  (Derr and Hann 1970, Lennartz  
and McPifinn 1973).  The r e l a t i v e  e f f e c t i v e n e s s  of 
v a r i o u s  methods, however, depends on s i t e  char- 
a c t e r i s t i c s  (Derr and Mann 1977) .  The s tudy  
d e s c r i b e d  here w a s  e s t a b l i s h e d  t o  compare t h e  
e f f e c t s  of d i f f e r e n t  s i t e  p r e p a r a t i o n  methods on 
s u r v i v a l  and growth of s l a s h  p i n e  on a n o r t h  
F l o r i d a  f la twoods s i t e .  A secondary purpose of 
t h e  s t u d y  was t o  compare the response of gene- 
t i c a l l y  improved wi th  unimproved s l a s h  p ine  seed- 
l i n g s  when p lan ted  on a r e a s  prepared by d i f f e r e n t  
methods. Reported h e r e  a r e  t h e  r e s u l t s  a t  plan-  
t a t i o n  age iO g e a r s ,  

METHODS 

The s tudy a r e a  of about 8 a c r e s  i s  on t h e  
Olus tee  E w e r i m e n t a l  F o r e s t  i n  Baker County, 
F l o r i d a .  The s o i l  i s  a poorly drained Leon f i n e  
sand (Aeric BapLaquod) with a spodic h o r i z o n  a t  
a depth of 1 2  t o  18 inches .  The wate r  t a b l e  i s  
a t  o r  near  t he  surface dur ing  p o r t i o n s  of t h e  year 
(Scbul tz  1976) and m o t t l i n g  occurs  i n  t h e  p r o f i l e  
a t  15 t o  21 inches ,  

Twenty-four p l o t s ,  each 70 by 100 f e e t ,  were 
e s t a b l i s h e d  i n  a randomized block design w i t h  3 
b locks ,  h methods of s i t e  p r e p a r a t i o n ,  and 2 types 
of p l a n t i n g  s t o c k .  The s i t e  p r e p a r a t i o n s  were: no 
t r ea tment ;  p rescr ibed  burn;  burn  and double d i sk ;  
and burn,  double  d i s k ,  and bed. P l a n t i n g  s toek  was 
af two types :  unimproved and g e n e t i c a l l y  improved, 
a mixture of 10 s u p e r i o r  f a m i l i e s .  Types of s tack 
were included i n  f a c t o r i a l  combinations w i t h  t h e  
d i f f e r e n t  methods o f  s i t e  p r e p a r a t i o n ,  

in 1968 a sparse s tand  of 60-year-old longleaf  
p i n e  (Pinus gafustris M i l l . )  w a s  harvested from the 
s i t e .  S i t e s  were prepared i n  t h e  s p r i n g  of 1370, 
The p r e s c r i b e d  burns ( b a c k f i r e s )  ccnsumed most of 
t h e  v e g e t a t i o n ,  Leaving only woody sterns of shrubs 

I/ Paper  p resen ted  a t  Southern S i l v i c u l t u r a l  - s t a n d i n g ,  A heavy-duty o f f s e t  harrow was used f o r  
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Improved seed was co l l ec t ed  from s e l e c t  
c rosses  i n  the Olustee E x p e r b e n t a l  Fores t  clone 
bank. The Florida Division of Fores t ry  furnished 
unimproved seed and grew a l l  t h e  seedl ings  a t  i t s  
Chiefland nursery.  I n  February 1971, 1-0 seed- 
l i n g s  were l i f t e d  and planted on t h e  study s i t e .  
One hundred t r e e s  were hand-planted i n  each of 
the 24 p l o t s .  Spacing was 7 f e e t  wi th in  rows 
wi th  rows 10 f e e t  apa r t .  A &row i s o l a t i o n  s t r i p  
planted t o  unimproved seedl ings  was es tabl i shed  
around each p l o t .  

RESULTS 

S i t e  prepara t ion  had no s i g n i f i c a n t  e f f e c t  
on su rv iva l ,  wi th  a l l  t reatments having good sur- 
v i v a l  a t  10 years  of age ( t ab l e  I ) .  Burning 
improved ne i the r  su rv iva l  nor growth of t r e e s .  
Flechanical s i t e  prepara t ion ,  however, increased 
growth of both improved and unimproved s tock .  
Disking increased average t r e e  diameter by 0.5 
inches,  average height  by 3 . 8  f e e t ,  and volume 
production by over 200 f  ee t3 fac re  (0.25 cds /acre /  
year)  above con t ro l  t r e e s .  Trees on disked and 
bedded p l o t s  were not  s i g n i f i c a n t l y  l a r g e r  than 
those on disked-only p l o t s .  

Table 1.-Survival, growth, and y i e l d  of s l a s h  pine,  by type of seed l ing  
and method of s i t e  p repara t ion  10 y e a r s  a f t e r  p lan t ing .  

Seedling type Surv iva l  Average Average Volume 
and diameter he ight  

s i t e  p repara t ion  

(percent) (inches) ( f ee t )  (ft 3/acre) 

Unhproved seedl ings  

Cont ro l  83 3.3 20.4 280 

Burn 8 7 3 .O 18.4 240 

Burn + d i s k  91 3.6 22.6 405 

Burn + d i s k  + bed 90 4.1 25.6 575 .................................................................. 
Average 88 3.5 21.8 375 

Ireproved s e e d l i n g s  

Control  82 3.5 22.4 345 

Burn 83 3.5 22.3 360 

Burn + d i s k  81 4.3 27.7 6 80 

Burn + d i s k  + bed 90 4.4 28.3 705 .................................................................. 
Average 87 3.9 25.2 523 

A L I  seed l ings  

Control  83 k/ 3.4 a 21.4 a 315 a 

Burn 85 a 3.3 a 2 0 . 3 a  3 0 0 a  

Burn + d i s k  91 a 3.9 a 25.2 b 545 b 

Improved and unimproved seedl ings  had equally 
good su rv iva l  a t  age 10, but  improved t r e e s  grew 
f a s t e r  than unimproved ones. Af ter  10 growing 
seasons improved t r e e s  were an average of 0 ,44  
inches l a r g e r  i n  diameter and 3.4 f e e t  t a l l e r  and 
had produced 40 percent  more wood. The ove ra l l  
i n t e r a c t i o n  between s i t e  prepara t ion  and p lant ing  
s tock  was not  s t a t i s t i c a l l y  s ign i f i c tmt ,  but i t  
appears t h a t  bedding a f t e r  disking was bene f i c i a l  
f o r  growth of t he  unimproved, but  not  t he  improved 
seedl ings .  

DISCUSSION 

The s i m i l a r i t y  i n  growth between t r e e s  on t h e  
con t ro l  and t h e  burned p l o t s  was due, a t  l e a s t  i n  
p a r t ,  t o  t he  1-year delay between s i t e  prepara t ion  
and p lant ing .  A cont r ibut ing  f ac to r  was the  g r e a t e r  
amount of understory vegeta t ion ,  e spec i a l l y  saw 
palmet t o  (Serenoa repens [B a r t r .  ] Small) on burn 
p l o t s  p r i o r  t o  treatment (Schultz 1976). Although 
the  burn reduced competition, by p lant ing  time the  
burned p l o t s  had a s  much o r  more competition than 
t h e  con t ro l  p l o t s .  

A major j u s t i f i c a t i o n  f o r  bedding f  latwoods 
s i t e s  is  t o  increase  seedl ing  su rv iva l  by reducing 
prolonged s a t u r a t i o n  of t he  root  zone (Schulta 
1976). However, not  a l l  s i t e s  a r e  wet enough t~ 
bene f i t  from t h i s  t reatment,  On some s i t e s  d isk ing  
i s  a s  e f f e c t i v e  a s  bedding f o r  increas ing  growth of 
p lanted  s l a s h  pine (Derr and Mann 1977, Cain 1978), 
The reason f o r  t he  lack  of response on some s i t e s  
may not  be  completely understood, bu t  what s i t e s  it 
w i l l  occur on has become more predic table .  Bedding 
s i t e s  w i th  Spodosols without an a r g i l l i c  horizon,  
l i k e  t h e  s o i l  i n  t h i s  s tudy,  has not  improved s i t e  
product iv i ty  (Broerman and Sar igmba 1981). On 
these  s o i l s  competition con t ro l  is the  major b e n e f i t  
of s i t e  prepara t ion ,  and disking or harrowing ac- 
complishes t h i s  qu i t e  well .  Bedding a f t e r  d isk ing  
on these  s o i l s  w i l l  not  l i k e l y  pay off  and can even 
cause some negative e f f e c t s .  Thus, bedding l i k e  most 
s i l v i c u l t u r a l  p r ac t i ce s  needs t o  be prescribed by 
s i t e .  

Since the re  was no in t e r ac t ion  between s i t e  
prepara t ion  and type of p l an t ing  stock, t h e i r  e f f e c t s  
a r e  assumed t o  be  add i t i ve ,  Disking should increase  
volume production a t  age 10 by about 230 cubic f e e t  
per a c r e  over unt rea ted  s i t e s  no matter  what type 
of p lant ing  stock i s  used, The gain from using t h e  
improved s tock  should be about 150 cubic f e e t  per  
acre .  With improved s tock  planted on disked s i t e s ,  
volume a t  age 10 should average about 660 cubic feet 
per  a c r e ,  or  about double t he  y i e l d  from unt rea ted  
s i t e s  p lanted  wi th  unhproved s tock ,  

Burn 4 d i s k  4- bed 90 a 4.2  b 27.0 b 640 b 

i / T o t a l  i n s i d e  bark volumes based on equation of Schmitt and 
~ower-(1970). 

21Values w i t h i n  a eoluuin nor followed by t h e  same l e t t e r  a r e  s ig-  
n i f i c a n t l y  d i f f e r e n t  a t  che .05 l e v e l .  
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RESPONSE OF PLANTED PINES TO SITE PREPMTION 

OM A BEAUREGARD-CADDO SOI& 

James D. ~ a ~ w o o d l /  

Abstract  . --The only r e a l  advantage to  mechanically pre- 
paring s i t e s  p r i o r  t o  p l an t ing  was b e t t e r  su rv iva l  of  lob- 
l o l l y  p ines  a t  age 2 .  Slash p ine  su rv iva l  was unaffected by 
s i t e  t reatmentl  Because of  su rv iva l  d i f f e r ences ,  more 
volume (535 f t (o .b . ) /A) was thinned from 13-year-old 
l o b l o l l y  s tands  t h a t  had been mechanically t r e a t e d  than from 
burned-only s tands .  Af ter  t he  f i r s t  thinning,  t he  method of 
s i t e  prepara t ion  d id  n o t  inf luence  the  growth r a t e  of e i t h e r  
pine . 

INTRODUCTION 

Pine  su rv iva l  on somewhat poorly t o  poorly 
drained s i l t  loam flatwoods i n  Louisiana i s  
usual ly  acceptable without s i t e  prepara t ion ,  Yet, 
the inherent  wetness of  these  s i t e s  and competi- 
t i o n  from dense p l an t  cover slows i n i t i a l  he ight  
growth of  newly planted pines. To Qetermfne i f  
harrowing o r  bedding would improve su rv iva l  and 
increase  t h e  r a t e s  o f  he igh t  and diameter growth 
on these  f latwoods , s t u d i e s  were i n i t i a t e d  by 
the  Southern Fores t  Experiment S t a t i on  i n  Pine- 
v i l l e ,  Louisiana. This paper summarizes d a t a  
through age 20 on su rv iva l  and y i e l d  of  planted 
l o b l o l l y  (Pinus taeda L. ) and s l a s h  (P. e Z Z i o t t i i  
Engelm. va r ,  e l t i o t t i i )  p ines  from one of  t he se  
s t u d i e s  . 

SITE DESCRIPTION 

The s tudy a rea ,  l oca t ed  i n  Rapides Par ish ,  
Louisiana, comprises Beauregard (Pinthaquic 
Paleudul t , f i ne - s i l  ty,  s i l i c e o u s  , thermic) , and 
Caddo (Typic Clossaqualfs ,  f i ne - s i l t y ,  s i l i c e o u s ,  
thermic) s i l t  loam s o i l s .  These s o i l s  a r e  a c i d i c ,  
have low na tu ra l  f e r t i l i t y ,  and a r e  co 
flatwoods of t h e  West Gulf Coastal  P la in .  Relief  
is l e v e l  t o  s l i g h t l y  s loping ,  but  a few "pimple" 
mounds a r e  present .  The Caddo s o i l  has very slow 
su r f ace  and i n t e r n a l  drainage;  t h e  Beauregard has 
medium drainage throughout. These s o i l s  have a 
perched water  t a b l e  which can be a t  o r  j u s t  below 
the  su r f ace  during extended periods from December 
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through February. On any given da t e ,  depth t o  t h i s  
water  t a b l e  was highly va r i ab l e  from one r e p l i c a t e  
t o  t he  next .  

Or ig ina l ly ,  t he  s i t e  supported a longleaf  
p ine  (P. p a z u s t r i s  Mi l l . )  s tand.  After  harves t ing ,  
a cover of bluestem (Andropogon spp.)  and s c a t t e r e d  
pos t  oak (&ereus steZZata Wangenh. ) , blackjack  
oak (&. maritandiea Muenchh.), and southern bay- 
ber ry  (Myriea e e r i f e r a  L.) developed. P r io r  t o  
i n i t i a t i o n  of s i t e  prepara t ion  treatments,  t h e  
a r ea  was burned t o  reduce the  grass  rough and 
the  woody vegeta t ion  cut  down and removed. 

METHODS 

Treatments were r ep l i ca t ed  t h r e e  times wi th  
each spec ies  i n  a randomized block design. S i t e  
t reatments were : 

---The study p l o t s  were burned t o  
f a c i l i t a t e  p lant ing .  

Burn-harrow--Plots were t r ea t ed  wi th  an o f f s e t  
d i s k  harrow i n  t he  f a l l  of 1960 and again 
i n  Ju ly  1961 t o  e l iminate  grass  competition. 

Burn-harrow-bed--After harrowing, t h e  p l o t s  
were double bedded by making two passes 
with a bedding harrow. Beds were spaced 
8 f e e t  apa r t  and averaged 20 inches t a l l  
from furrow-to-crest before  s e t t l i n g .  By 
age 15 ,  t he  beds averaged 10  inches t a l l .  

Harrowing was done twice, because a f t e r  t h e  
f a l l  1960 harrowing treatment heavy r a i n s  kept  t he  
bedding treatment from being applied.  By the  next  
spr ing ,  grasses  had reinvaded t h e  harrowed p l o t s ,  
which neces s i t a t ed  a second harrowing treatment i n  
Ju ly  1961. The burn-harrow-bed p l o t s  were bedded 
i n  l a t e  September 1961. 



Graded, bare-root , 1-0 lob lo l ly  and s l a s h  
pine seed l ings  were planted by hand a t  a 6- by 8- 
foot spac ing  on 0.36 ac re  p lo t s  during February 
1962, Beights  and diameters a t  4.5 f e e t  above 
groundlgne (deb .h. ) were taken on the center  100 
t r e e s  p e r  p lot  over several  years,  The p lo t s  
were th inned a f t e r  the 13th growing season, Leave- 
t r ees  were  selected by the following c r i t e r i a :  
(1) absence of f u s i f o m  r u s t  g a l l s  on the main 
stem, ( 2 )  stem qual i ty ,  (3) spacing, and (4) t r e e  
s i z e ,  Ha truck o r  heavy equipment t r a f f i c  was 
aXlowed wi thin  the p lo t s ,  and the res idual  stand 
was undamaged by the thinning operation. 

VoZwes harvested a t  age 13 were estimated 
by use of a l oca l  v o l u ~ e  t ab le  developed f o r  
each plot (Spurr 1954). A t  ages 15  and 20, t o t a l  
stem wood volume outs ide  bark (0.b .) was calcu- 
l a t ed  f o r  standing lob lo l ly  (Wasness and Lenhart 
1372) and s lash (%ehring e t  a l .  1973) pines. 

P i n e  survival,  quadratic mean d.b.h., aver- 
age h e i g h t ,  and volumes per acre were analyzed 
a t  d i f f e r e n t  ages with analyses of  variance (a- 
0.05) and preplanned orthogonal trend comparisons 
(bum-only vs burn-harrow f burn-harrow-bed and 
bum-harrow vs burn-harrow-bed) . The analys is  
compared species and treatments and determined i f  
species by treatment in te rac t ions  occurred. 
Also, treatments among individual species were 
compared. Percentages were transformed i n t o  
arcs ine  J p r o p o r t  ion, and both percentages and 
t ransfomed data were analyzed. 

Responses before thinning 

There was a species by treatment in te rac t ion  
fo r  average heights of 2-year-old pines ( table  1 ) .  
Loblolly was c a l l e r  on the  burn-harrow p lo t s  
than on the  other  two treatments, while s l a sh  
was t a l l e s t  on the burn-harrow-bed p lo t s ,  Slash 
was t a l l e r  than lob lo l ly  on the  burn-only and 
burn-harrow-bed p lo t s  , but the two species had 
s imi la r  average heights on the  bum-harrow plots .  
In the comparisons across both species,  lob lo l ly  
averaged 3 f e e t  t a l l e r  than s l a s h  by age 8 ,  and 
t h i s  he igh t  d i f ference pers is ted  through age 13. 
A t  age 8, pines on t h e  two mechanical treatments 
averaged two fee t  t a l l e r  than those on the  burn- 
only p l o t s ,  while pines on the bum-harrow-bed 
p lo t s  were two f e e t  t a l l e r  than those on the burn- 
harrow p l o t s .  By age 13, pine height differences 
among treatments were not s ign i f i can t ly  d i f fe ren t ,  

A t  8 years, s l a sh  pines on the  burn-harrow- 
bed p l a t s  averaged a 0.4-inch greater  d.b.h. over 
those on the other  two treatments, but no diameter 
d i f ference was shown a t  age 13 ( table  1 ) .  In 
the comparisons across both species,  lob lo l ly  
averaged 0.2-inch greater  d.b.k than s l a sh  a t  
age 8, and t h i s  difference pe r s i s t ed  through 
age 13. 

Survival among 2-year-old lob lo l ly  p ines  on 
the  burn-only p lo t s  averaged 15-percentage p o b t s  
l e s s  than survival  among those on the mechanical 
treatments ( table  1 ) .  By age 13, d i f ferences  i n  
survival  were not s ign i f i can t ly  d i f f e r a t ,  

The thinning operation 

The thinning operation a t  age 1 3  reduced 
lob lo l ly  stocking from 725 t o  343 t r e e s  p e r  acre ,  
while s l a sh  stocking was reduced from 682 t o  346 
t r ees  per  acre  ( table  2). Among l o b l o l l y  p ines ,  
t h i s  reduced the  basal  area on the  bum-only 
p lo t s  by 52 f t 2 / a c r f ,  while the  reduction i n  basa l  
area  averaged 75 f t  /acre  on the  two mechanical 
treatments. h n g  s l a sh  pines, t h e  reduction i n  
basal  area varied l i t t l e  and averaged 55 f t a l a c r e  
across a l l  treatments . 

Responses a f t e r  thinning 

In the comparisons across both species ,  lob- 
l o l l y  maintained a 3-foot height advantage over 
s lash  through age 20 ( table  3). A t  15 years ,  
pines on mechanically t rea ted p l o t s  averaged 1-foot 
t a l l e r  than those on burn-only p lo t s ,  b u t  t h i s  
height difference was no longer s i g n i f i c a n t  by 
age 20. Through age 20, lob lo l ly  averaged a 0.3- 
inch greater  d.b.h. than s lash.  There were no 
diameter differences among treatments, however. 

A t  age 13, more lob lo l ly  volume per a c r e  was 
cut on the  two mechanical treatments than was cut  
on the  burn-only p lo t s  ( table  3),  but a t  age 15, 
lob lo l ly  on the  bum-only p lo t s  produced more 
standing volume pe r  ac re  than those on the  two 
mechanical treatments. By age 20, l o b l o l l y  stand- 
ing volume per ac re  was s imi lar  among a11 t rea t -  
ments. However, theodif ference i n  harvested 
volumes a t  age 1 3  meant tha t  loblol ly  on t h e  
mechanical treatments averaged 12 percent mre 
t o t a l  wood production (harvested and standing 
volumes) per ac re  over those on the burn-only 
p l o t s ,  but t h i s  volume difference was no t  
s t a t i s t i c a l l y  s ign i f i can t .  For s lash  pines ,  the re  

were no volume differences amng treatments. 

DISCUSSION 

Loblolly pines planted on mechanically 
t rea ted p lo t s  had a higher survival  r a t e  a t  age 
2 and a 2-foot height advantage a t  age 8 over 
lob lo l ly  planted on p lo t s  not  mechanically t r e a t -  
ed. This higher survival  and improved e a r l y  height 
growth on the  mechanically t rea ted p l o t s  was* 
t ransla ted in to  greater  y ie lds  a t  thinning, an 
added 535 f t 3  (0.b.) per acre  a t  age 13. The 
approximately 6 cord per acre  gain i n  pulpwood 
volume was worth about $96 a t  1982 sturapage 
prices.  After t h e  f i r s t  thinning, the aethod of 
s i t e  preparation did not influence the groKth r a t e  
of the  pines. Since treatments were thinned t o  



s l d l a r  basa l  a r ea s ,  v a l u m  produstifm at age 20 
was s l e s  s i d l a r  amng t r ea tmmts .  Slash pfne 
8urvLval and yie ld8  were not  h f l u e n c a d  by s i t e  
t reatment , 

Susvival  was eimllas between s p c i e e ,  but  
Iob lo l ly  pinas autgrtrw slash pines  i n  ba th  d,b .h ,  
and height ,  mase d i f f e r ences  d i d  n e t  t r a n s l a t e  
i n t s  added gaina i n  volblsle f o r  lobPolly,  because 
a t  a given d*b,h ,  and R ~ l g h t ~  s l a e h  p ine  h w  1 2  
percent more volume pe r  t r e e  than  loblo lay  p ine  
(Maamsaa m d  Leahart 1972, m e h r i n g ,  f & 197%). 

Zn canclusion,  t h e  s i l t  loam flatwoode a f  
Louisiana are %nkermtPy productive s i t e @ ,  S i t e  
prepara t ion  beyond the  Level needed ts Lnsura 
adaquare pine etocking w i l l  only produce modest 
gains i n  pulpwood y i e ld s  a t  firat thinning.  
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Table 1,--Pine xaapanses t o  i n i t i a l  @ i t s  prepara t ion ,  be fa re  thinning 

Zablolly p ine  

Burn-an1 y 
Burn-harrow 
Burn-harrow-bed 

Wan f o r  a l l  
t h r ee  treatments 

Slaah p ine  

Burn-only 
Burn-harraw 
Burn-harrow-bad 

&lean fa r  a l l  
t h r ee  treatments 

COWARXSQNS ACWSS 
BOTN SPECIES 

Lobfolly pine 
SLash p ine  

1 j ~ o r  l o b l o l l y  o r  slash pine ,  c o l u m a r  means followed by t he  same l e t t e r  a r e  not significantly different 

ar means no t  folfawed by any l e t t e r ,  t he re  were no s i g n i f i c a n t  d i f ferences .  
? / ~ t  age 2 ,  t he re  was a speciee by t r e a t m n t  i n t e r a c t i o n  f o r  he ight  of pines.  Csfumar nteans followed 

by the sam 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 = 0.05) 
:/Paired cornparisone fof  lawed by an as t e r i e k  a r e  s i p i f  i c a n t l y  d i f f e r e n t  (a = 0.05) 



Table 2 .--Stems per a c r e  and basa l  a r ea  i n  square f e e t  before  and a f t e r  p l o t s  were thinned during; the  
t h i r t  eenth growing season 

Species  and Trees p e r  acre  Basal a r e a  
t r ea tmen t  

Loblol l  y pine 

Burn-only 64621 
~um-ha r row 740 
 urn-harrow-bed 790 

man f o r  a l l  t h r ee  
t rea tments  725 

Slash pine 

~ u m - o n l y  688 345 134 79 
Burn-harrow 665 345 12 9 7 7 
Burn-harrow-bed 69 2 34 7 136 78 

Mean f o r  a11 t h r e e  
t r ea tmen t s  6 82 346 1 3  3 7 8 

g ~ t - a t i s t i c a l  ana lys i s  was n o t  done on these  da t a  
2/908 pines  were p lanted  per  ac re  f o r  each treatment.  

Table 3. --Pine response t o  i n i t i a l  s i t e  prepara t ion ,  af t e r  thinning 

Tota l  s t e m  volume peat ac re  

Lob lo l ly  pine 

Burn-only 
Burn-harrow 
Burn-harrow-bed 

Hean f o r  a l l  
t h r e e  treatments 

Slash p i n e  

Burn-only 
Burn-barrow 
Burn-harrow-bed 
*an f o r  a l l  
t h r e e  treatments 

CCWmISONS ACROSS 
BOlTW SPECIES 

Loblolly pine 
S l a s h  pine  

- - 
I l ~ o r  c o l u m a r  means not  followed by an l e t t e r ,  t h e r e  were no s i g n i f i c a n t  d i f ferences  -  or l o b l o l l y  p ine ,  c o l a m a r  means 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  (a = 0.059 - 
3lpaired eonrparisons followed by an a s t e r i s k  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 = 0.05)  - 



EFFECT OF SURFACE SOIL BEMOVAL ON SELECTED 

SOIL PROPERTIES AND mBLOLLY PINE 

SEEDLINGS AFTER THE FIRST GROWING  SEASON^/ 

Charles L. luttle, Michael S. Golden, and Ralph S. ~ e l d a h l ~ ~  

Abstract -- The effects of removal of 0 ,  2.54 and 
7.62 cm of topsoil were tested on five sites in 
east-central Alabama, Results of the first year" data 
showed; I) an increase in seedling survival on plots where 
the topsoil was removed; 2) higher bulk density on the 
treated areas than on the control; and 3) soil nutrient 
levels were significantly reduced after one growing 
season, Other variables (height growth, organic matter, 
etc.) were also tested but did not exhibit significant 
differences after 1 year, 

Warvesting and site preparation procedures 
currently are being used on over 60#000 ha of 
forest land in Alabama each year (Forest 
Industries Council 1980). Harvesting and 
mechanical site preparation many times results 
in moderate to severe topsoil disturbance, 
exposure, or removal due to the equipent used 
and through possible erosion losses (Blackburn 
et ale 1978; McCEurkin and Moehring 1978; 
Golden et al. 1982). Glass (1976) estimated 
that at least 5.08 cnn of topsoil were removed 
from. a Piedmont site in North Carolina by 
root-raking alone. Further attempts have been 
made to quantify the amount of topsoil lost 
from forest sites by using the Universal Soil 
Loss Equation and its modifications (Wiscbeier 
and Smith 1978; Dissmeyer and Foster 1980). 
However, little quantitative data is available 
to show the effects of topsoil raoval on soil 
properties and seedling survival and growth, 

I /  Paper presented at the Second Biennial 
Southern Silvicultural ResearchConfereace, 
Atlanta, Georgia, November 4-5s 1982, 

21 The authors are Research Associate, 
Associate Professor, and AssistantProfessor, 
Department of Forestry, Alabama Agricultural 
Experiment Station, Auburn University, Auburn, 
Alabama* 

This paper presents partial first year 
results of a study designed to quantify the 
effects of topsoil removal on selected soil. 
properties, seedling survivabp and seedling 
growth. The ques t ions  which we hope t o  answer 
include: (1) does the quantity of topsoil 
lost from a site affect the quantsty of 
nutrients in the soil that are avaxlabte f o r  
plant uses (2) is there s change in nutrient 
levels  within treatments over time, and ( 3 )  
does the quantity of soil lost have an effect 
on seedling survival and growth? 

I.!E'IHODS A?;D PPOCEDLKES 

Plot Location and Establishznent 

Five study sites, two in the Piedmont and 
three in the Billy Coastal Plain of Alabma* 
were selected, At each site, a split plot 
design containing three replications of three 
treatments was used, Treatments consisted of a 
control (no topsoil rmoved) , 2.54 cm (1 inch) 
of topsoil removedr and 7,62  em ( 3  inches) of 
topsoil removed, After treatment, each plot 
was split and one-half treated to csotrol 
competition using herbicides (a mixture of 
Goal, Garlon, and Roundup), F i r s t  year data on 
the competition control by herbicides was found 
to he aon-significant, 

Treatment areas measuring 1%,8 m by 23.0 rn 
were laid out and the specified treatments were 
applied using a D-6 crawler tractor, After 
treatmentD raeasurment areas of 6.2 m by 20,3 az 
were located in the center sf the treated areas 
with the remainder o f  each treatment area 
maintained as a buffer zone, 



The study sites were hand planted using 
1-0 loblolly pine L.) seedlings at 
a spacing of 1.83 m x 2.44 m (6x8 ft, 2240 
treeslha) within two weeks of treatment, A 
minimm of one row of seedlings was left 
outside of the measurement area on all sides to 
act as a buffer, After planting, the height of 
each seedling was recorded. At the end of the 
growing season* seedling survival and heights 
were again measured. 

Soil Smpling and Analysis 

Soil samples for nutrient analyses were 
collected at three random locations in each 
measurement plot. At each sample point, the 
upper 15.24 cm (6 inches) of soil was sampled 
by taking two successive 7.62 cm incremental 
cores 7.62 cm in diameter. For each plot, the 
separate incremental smples were caposited 
over the three locations for analysis. The 
values obtained for the two levels were then 
averaged to detemine the soil values for the 
upper 15.62 cm, These smples were collected 
imediately after planting and also at the end 
of the first growing season, 

Soil samples were prepared for analysis by 
air drying, grindirrg, and sieving through a 2 
arnn sieve. After sieving, soil organic matter 
was determined using the Walkley-Black 
procedure (Jackson 1958; Allison 1965). Ca, 
Mgr K, and Mn were extracted using 1 & 
acetate adjusted to pH 7.0 (Chapan 1965) and 
their concentrations determined using atomic 
absorption spectrophotometry. Strontim 
chloride was added to the extracts prior to the 
determinations for Ga and Mg  avid 1960). 
Cation exchange capacity was calculated using 
exchangeable acidity determined using the Adams - Evans buffering system (Adams and Evans 1962; 
Hajek et al. 19729 and sumation of Ca, Mg, and 
K values, From this, base saturation was 
computed. Available soil P was extracted using 
a dilute double acid solution (Bray and Kurtz 
2) and obtained using the chlorostannous - 
reduced molybdophosphorie blue color method 
(Jackson 1958). 

Soil bulk density was determined for only 
the upper 7.62 cm of soil using the core method 
described by Blake (1965). A 347,6 cm3 ring 
sapler was used to collect five cores from 
each plot after treatment and at the end of the 
first growing season, The five values were 
then averaged to obtain the bulk density within 
a plot at each sarnpling time, 

Data Analysis 

The soil and seedling data collected was 
analyzed using analysis of variance and 
Duncan's multiple range tests of the 
Statistical Analysis Systm (Barr et al. 1979). 

RESULTS AMD DISCUSSION 

Soil Data 

After one growing season, nutrient levels 
for treatments where 2,54 ca at 7.62 cm were 
removed were significantly lower than the 
control for Ng, K, and Mn (Table 19. However, 
there was no difference in nutrient values 
between the two removal treatments for any of 
the nutrients. Ca and P levels were lower than 
the control only for the 7.62 cm removal 
treatment , 

The nutrient decreases observed are 
probably attributable to organic matter 
removal. Soil organic matter content 
significantly decreased where topsoil was 
rexaoved (Table 1). Upon decay, this organic 
matter would normally supply large quantities 
of nutrients to the root systems of the planted 
seedlings (Pritchett 1979; Bengston 19819. 
Greenhouse studies on slash pine have confimed 
the effect of organic matter loss on nutrient 
losses (Brendemuhl 1967). 

Bulk density on all treated plots was 
significantly higher than on the controls. 
Compaction resulting from the equipment used to 
remove the topsoil is the probable explliaation. 
However, no bulk density difference was 
observed between the two levels of topsoil 
removal. 

Nutrient values at the end of the first 
growing season were compared with values 
obtained at planting time to detemine if any 
changes occurred over time (Table 2). Except 
for Ga and Mg, soil nutrient levels were not 
significantly different for the two sampling 
times although the measured values were lower 
for the two removal treatments, Mg alone 
significantly decreased over the first growing 
season for all treatments. The Mg reduetion is 
attributable to some leaching losses which have 
been reported to occur in the 
(Gordon et al. 1980). The reason for the lack 
of a significant decrease over time for the 
other nutrients is not clear. 



mil. nutrient lewi?l~~ 8 at 
the ead of tk first 
&iff m e  at 3se 0.05 level. 

~ & e s  of t o p i l  remwed. For tbe cmtrol, .no topsoil was ramved. 

m i l  lwds. organic matter cantat, and bulk darsity far each at  planting 
a d  c?t the end of the f i r s t  growiqg seasan. Means with the same letter are not significantly 
Ufe r& at the 0.05 level. 

P Ca % K Mn Base c Bulk 
. I 

Saturatim Matter Density 

S ~ e s  of topsoil ratoved. For the cantml, no topsoil was remved. 



Ca l eve l s  on a11 p l o t s  incrs rscd  during 
tho f i r s t  g r w i n g  season. Hoo~tr~er, t he  reason8 
Ear o;bira increaes  have ast belarr arcartcbined. 
Wetesting aE s m p l e a  has not uncovered any 
e r ro r s .  i n  Ca analys is .  

Organic matteg content of t he  s o i l  
decreased  between p lant ing  t i a e  and the  end of 
tbe E i r e t  grwing seaeon f o r  t he  2,54 em 
t r e a t a e n t .  L i t t l e  change migkt be rzpacted f o r  
t he  7 *6i% cm t r e r t a r n t ,  s i nce  t he  lava1 of 
o rgan ic  Ra t t e r  was already q u i t e  low due t a  i t s  
r e a a v a l  with t he  t opso i l ,  The 2.54 em 
t ~ e a t r n e n t ,  hawever, rmoved topso i l  but % a f t  
many of the  f i n e  feeder  roote  %high would bra 
c l a s s i f i e d  aa eoiX organic mat ter  a t  p lant ing  
time, But, over t he  growing eeasoa the re  f i n a  
r o o t s  decampasedr thur reducing organic mat ter  
con tea t  of the  s o i l  on these  p lo t@.  

8urfacs s o i l  bulk daneity deers r red  f o r  
a l l  txeatnnents over the  f i r s t  growring seeson. 
This decrease i s  probably due t a  v sge t a t i ve  
root  expmritiom reducing compaction which hod 
occurred  during taea tmmt a r  logging, The 
l e n g t h  of tima needed f o r  camplate recovery 
from compaction i s  uncertain,  but o ther  s tud i e s  
have provided es t imates  of 18 t o  40 yaa ts  
( P e r r y  1954; Batchel l  md Balston 1971). 

Af ter  one season, seedling he ight  and 
growth were not found t o  be s i g n i f i c a n t l y  
a f f ec t ed  by t he  mount of topsaiL rmovsd. 
This may be due t o  t he  la rge  v a r i a t i o n  i n  
seedling he ights  which accurred. Much s f  t h i s  
was due t o  t i p  diebaek and d a r g s  By d w x  and 
iaoacta ,  Butura maasurentanf o w i l l  be m d e  ts 
d s t e m i n e  whether d i f fersncea  i n  growth do 
develop due t a  d i f ferencar  i n  r o i l  auerlsnt 
r t a t u a ,  bulk dens i ty ,  and axgonic ma t t e r  
c ~ n t e n t .  

hf tsr one growing searone the n u t r i e n t  
s t a t u e  was a i g n i f i e a a t l y  reduced where t o p e o i l  
war rmsvadc  dajmple means ind i ca t e  a t r end  
toward higher nu t r i en t  d i f ferences  a s  tbs 
quan t i t y  of t opeo i l  rmovsd ineraseed. The 
n u t r i e n t  l o s se r  occurring a r e  probably Buc t o  
laaehing of these  nratriaato from the  upper s o i l  
layer ,  where they a r e  r ead i ly  ava i l ab l e  t o  a 
major i ty  of seedling roots .  A8 a r e s u l t  of 
reduced competition, seedling suxvival  
increased where t o p s a i l  waa rmoved. Efowavsx. 
t he  rsedl ing  he ights  and growth d id  not  
i n c r e ~ o e .  

Seedling Survival  and Growth LXTEBATURE CLTED 

Survival  f o r  seedl ings  plantad on the  
t r e a t e d  areas  was higher than on the  con t ro l  
(Table  3 ) .  Thio i s  most e a s i l y  explained a s  
being due t o  t he  reduct ion  i n  t he  l eve l  of 
competi t ion,  which would lead t o  an increase  i n  
water  ava i l ab l e  t o  t h e  planted seedl ings  
(Zdhnsr 1958 ; Hoehxing 19771, However, t he re  
was no di f ference  in  surviva l  between the  2.54 
cm and t he  7.62 cnn removal treatments. 
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T O L E  3 - Mean height ,  surv iva l ,  and growth of planted l a b l o l l y  pine reedlings 
a t  t he  end of t he  f i r s t  growing ssaeon, Means with the  s a s  l e t t e r  
a r e  not s l g n i f i c m t l y  d i f f e r e n t  a t  the  6,Q5 lcv@l.  

- 
Tota l  Height 

T R U ~ E N T ~ ~  Height Survival  Growth 

Control 

2,54 cm removal 

7,52 em rernoval 

11 Treatment i nd i ca t e s  quant i ty  of t o p s o i l  removed. For t he  cont ro l ,  no 
t o p s o i l  was reaoved. 
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FIRST-YEAR EFFECTS OF ROOTRAKING ON AVAILABLE 
1 / 

NUTRIENTS IN PIEDMONT PLATEAU SOILS - 

21 R. E. Banker, 3 ,  H. Miller, a n d D .  E. D a v i s -  

Abstract.--The e f f e c t s  of r o o t r a k i n g  on the  l e v e l s  of 
Ca, Flg, K ,  PO4 and Na and on i n f i l t r a t i o n  r a t e s  i n  Piedmont 
P l a t e a u  s o i l s  were i n v e s t i g a t e d .  S o i l  samples were taken 
b e f o r e  and a f t e r  t rea tments  a t  10-foot  i n t e r v a l s  a long per -  
manent 100-foot l i n e s  l o c a t e d  on the r i d g e ,  upper s l o p e  and 
lower s l o p e s .  Samples were taken  a t  0-2, 2-4, 4-6, 6-12, 
12-18 and 18-24 i n .  depths and composited. I n f i l t r a t i o n  r a t e s  
were measured w i t h  a double - r ing  i n f i l t r o m e t e r .  There was a 
g e n e r a l  tendency toward n u t r i e n t  i n c r e a s e  a t  a lmost  a l l  depths 
w i t h  some d i f f e r e n c e s  s i g n i f i c a n t  a t  the  5 and 10% l e v e l s .  A 
major i n c r e a s e  i n  t h e  PO4 c o n t e n t  was found a t  t h e  4-6 and 
6-12 i n  dep ths .  I n f i l t r a t i o n  r a t e s  decreased.  

Over r e c e n t  y e a r s  t h e  use  of heavy machinery 
i n  f o r e s t  s i t e  p r e p a r a t i o n  has increased .  KG 
b l a d e s  and r o o t r a k e s  a r e  now cornonly used f o r  
windrowing t r e a t m e n t s  on t h e  r o l l i n g  si tes of t h e  
Piedmont P la teau .  O f  t h e  two t rea tments ,  roo t -  
r a k i n g  seems t o  have t h e  most p o t e n t i a l  f o r  damag- 
i n g  t h e  s o i l  due t o  t h e  r e s u l t i n g  t i l l a g e  impact 
on e a s i l y - e r o d i b l e  s i t e s .  D r a s t i c  d e c r e a s e s  i n  
s o i l  n u t r i e n t s  could be  counte rproduc t ive ,  o f f -  
s e t t i n g  t h e  short- term b e n e f i t s  of t h e s e  t r e a t -  
ment s. 

The e f f e c t s  of s e l e c t e d  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 Piedmont P l a t e a u  s o i l s  have been 
i n v e s t i g a t e d  by Campbell (1971) .  I n  h i s  s tudy ,  
s i t e s  were t r e a t e d  w i t h  a s i n g l e  chopping, two 
s i n g l e  choppings o r  double  chopping. 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 r e a t m e n t s  were found 
i n  a v a i l a b l e  Ca, K o r  P o r  i n  bulk d e n s i t y .  
Campbell (1973) a l s o  t e s t e d  t h e  e f f e c t s  of har- 
rowing, bedding, and chopping, Bedding increased  
a v a i l a b l e  Ca, K and B ,  and harrowing i n c r e a s e d  
Ca and P . Minor i n c r e a s e s  i n  C a  were r e p o r t e d  
w i t h  chopping. Chopping had no e f f e c t  on bulk 
d e n s i t y  whi le  both harrowing and bedding lowered 

bu lk  d e n s i t i e s .  Thus, t rea tments  having a till- 
age a f  f e c t  i n c r e a s e d  major n u t r i e n t s  w h i l e  
chopping i n c r e a s e d  Ca only.  

Glass  (1976) i n v e s t i g a t e d  t h e  e f f e c t s  of 
r o o t r a k i n g  on s i t e  q u a l i t y  of Piedmont s o i l s .  
S o i l  c h a r a c t e r i s t i c s  and t h e  volume of u s a b l e  
wood produced were compared u s i n g  a 17-yr o l d  
roo t raked  a r e a  and a n  a d j a c e n t  broadcast-burned 
a r e a .  Windrows were a l s o  compared w i t h  t h e  
i n t e r v e n i n g  a r e a .  S o i l  t e x t u r e ,  n u t r i e n t ,  and 
organ ic  m a t t e r  a n a l y s e s  s u b s t a n t i a t e d  h i s  obser-  
v a t i o n  t h a t  t h e  windrows contained no t  o n l y  log-  
ging s l a s h  and o t h e r  d e b r i s ,  bu t  a l s o  s u b s t a n t i a l  
q u a n t i t i e s  of t o p s o i l .  There i s  no in format ion  
a v a i l a b l e  on t h e  e a r l y  e f f e c t s  of r o o t r a k i n g  on 
s o i l  n u t r i e n t s  o r  i n f i l t r a t i o n .  

W e  have i n i t i a t e d  a 10-yr s tudy ,  t h e  objec-  
t i v e  of which i s  t o  i n v e s t i g a t e  t h e  e f f e c t s  of 
r o o t r a k i n g  on t h e  f ine- tex tured  s o i l s  o f  t h e  
Piedmont P la teau .  

M a t e r i a l s  and Methods 

I/ Paper  p resen ted  a t  Sou thern  SiLvi- - 
cultural Research Conference, A t l a n t a ,  Georgia, 
November 4-5, 148.2. 

21 Graduate S tudent ,  Auburn U n i v e r s i t y  Xgri- - 
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 ,  
ALa. 36849; Research Forester, USEA Forest Ser-  
v i c e ,  George W. Andrews F o r e s t r y  Sc iences  Labora-- 
t o r y ,  Auburn U n i v e r s i t y ,  A h .  36849; Professor, 
Auburn U n i v e r s i t y  A g r i c u l t u r a l  Experiment S t a -  
tion, Auburn U n i v e r s i t y ,  A L a .  36843 

Study a r e a s  were made a v a i l a b l e  by p r i v a t e  
i n d u s t r y  i n  Georgia. Three of t h e  sites were 
l o c a t e d  i n  Heard County, and one i n  each of Tal- 
bo t  and Baldwia Counties .  A r e p r e s e n t a t i v e  s l o p e  
was s e l e c t e d  f o r  s tudy  on each s i t e  (Table 1). 

The s tudy  a r e a s  were sampled a t  t h e  begin- 
n ing  of t h e  experiment and a g a i n  3-4 months a f t e r  
t rea tment .  They w i l l  be resampled a t  2 ,  3 ,  4, 



Table 1. Study s l o p e  c f ~ a r a c t e r i s t i c s  

Study a r e a  S o i l  s e r i e s  X Slope Aspect 

Heard County: 

Ricks t r a c t  C e c i l  15 East  

S a l l  l u l l  t r a c t  Madison Northeast  

Denny t r a c t  Paco le t  16 Southeast  

Talbot  County Vance 10 South 

Baldwin County C e c i l  17 South 

6, 8 and 10 years .  One hundred-ft l i n e s  were 
e s t a b l i s h e d  a t  each s tudy  s l o p e  on t h e  r i d g e ,  
upper s l o p e  and lower s lope .  Two p o i n t s  o f f  t h e  
s tudy  a r e a  were permanently marked f o r  each l i n e .  
T r i a n g u l a t i o n  from t h e s e  p o i n t s  was used t o  r e -  
l o c a t e  t h e  o r i g i n a l  l i n e s  a f t e r  t rea tment .  S o i l  
samples were c o l l e c t e d  a t  10- f t  i n t e r v a l s  a long  
each 100-ft l i n e  (11 p o i n t s ) .  Samples were 
taken w i t h  a  Lord tube  sampler a t  dep ths  of 0-6, 
6-12, 12-18 and 18-24 inches .  The 0-6 i n .  sample 
was subdivided i n t o  0-2, 2-4 and 4-6 i n .  dep ths .  
A hand auger  was used when d r y  c o n d i t i o n s  made 

i t  imposs ib le  t o  u s e  t h e  tube  sampler. A 1 1  sam- 
p l e s  from a g iven  dep th  a long  each l i n e  were com- 
p o s i t e d .  Samples were a i r  d r i e d  and then crushed 
t o  pass  a  2mm-mesh s i e v e .  

Dupl ica te ,  5-g samples were e x t r a c t e d  wi th  a  
double-acid s o l u t i o n  of 0.05 2 hydrochlor ic  a c i d  
and 0.025 3 s u l f u r i c  a c i d  (Mehlich 1953). Standard 
techniques  of a tomic a b s o r p t i o n  spectrophotometry 
were used t o  determine c o n c e n t r a t i o n s  of Ca, Mg, 
k< and Na. Phosphate was assayed by t h e  a s c o r b i c  
a c i d  method (Watonabe and Olsen 1965). 

Table 2. Mean v a l u e s  of s o i l  n y f r i e n t s  before  (B) and a f t e r  (A) windrowing 
t rea tments  i n  Piedmont s o i l s  - 

Depth PO,, Ca I lg K Na . ---- --- 

(inches) ....................... (parts  per  million)---------------------- 

- --- 
L / ~ w o  u n d e r l i n e s  i n d i c a t e  a  s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  5% l e v e l  and 1 under- 

l i n e ,  t h e  10% l e v e l .  



A double-ring i n f i l t r o m e t e r  (Raise 1956) was 
used t o  measure i n f i l t r a t i o n  on t h e  Talbot  County 
s tudy a r ea .  Three i n f i l t r a t i o n  read ings  were taken 
a t  e a c h  of t h e  r i dge ,  upper s l ope  and lower s lope .  
I n f i l t r a t i o n  was measured over a  2-hour per iod .  

s lopes .  Repeated passes  were made a c r o s s  t he se  
e s t a b l i s h e d  l i n e s  a s  the  t r a c t o r s  moved m a t e r i a l  
t o  the windrows. This  could account  f o r  i nc r ea sed  
compaction, increased  bulk dens i t y  and,  t h e r e f o r e  
decreased i n f i l t r a t i o n .  

Resu l t s  and Discussion 

Analyses of Variance e s t ab l i shed  t h a t  t h e r e  
was no s i g n i f i c a n t  e f f e c t  from s lope  except  a t  t h e  
18-24 i n .  dep th  f o r  Ca (P < .05) .  Thus, d a t a  f o r  
the  s l o p e s  were pooled and comparisons between 
be fo r e  and a f t e r  t rea tments  were performed. Table 
2 shows mean va lue s  f o r  t h e  n u t r i e n t s  t e s t e d .  

Although not  a l l  d i f f e r e n c 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 ,  t h e r e  was a gene ra l  tendency a f t e r  
windrowing toward i nc r ea se s  f o r  a l l  elements a t  
a lmost  a l l  depths.  The PO4 i nc r ea se s  were p a r t i -  
c u l a r l y  i n t e r e s t i n g  because phospherous i s  o f t e n  
a l i m i t i n g  f a c t o r  i n  growth. A t  t h e  4-6 and 6- 
1 2  i n ,  depths t h e r e  were p a r t i c u l a r l y  l a r g e  in-  
c r e a s e s .  The increased  a v a i l a b i l i t y  of P a t  
t he se  depths  could be  b e n e f i c i a l  t o  s eed l i ng  
es tab l i shment .  However, t he se  r e s u l t s  show 
extremely low P l e v e l s  a t  a l l  dep ths .  Due t o  
time of sampling, t he se  d i f f e r e n c e s  could be 
a t t r i b u t e d  t o  s ea sona l  changes. 

Explana t ions  f o r  t he se  i nc r ea se s  would be 
pu re ly  specu l a t i ve  a t  t h i s  time. Pos s ib l e  
e xp l ana t i ons  could i nc lude  an  i nc r ea se  from 
mine ra l i z a t i on ,  a  decrease  i n  p l a n t  uptake,  
and decomposi t ion and mine ra l i z a t i on  of r o o t  
m a t e r i a l s .  This  could account f o r  i nc r ea se s  
even a t  the  lower depths .  We a r e  p r e sen t l y  
a na lyz ing  organic  ma t t e r  and N d a t a  and t he se  
w i l l  be repor ted  l a t e r .  

&an  2-hr. i n f i l t r a t i o n  r a t e s  f o r  each s lope  
before  and a f t e r  r oo t r ak ing  were r i dge  - 4 and 
2 g a l ,  upper  s lope  - 7 and 2 g a l ,  lower s l ope  
17 and 4 ga l ,  r e spec t i ve ly .  This  i s  i n t e r e s t i n g  
i n  t h a t  Campbell (1971) and Grelon (1953) found 
t h a t  s i t e  p r epa ra t i on  reduced bulk dens i t y  , 
thereby  i nc r ea s ing  i n f i l t r a t i o n .  However, t h i s  
was n o t  the case  i n  t h i s  s tudy.  

A dec r ea se  i n  i n f i l t r a t i o n  could be t h e  
d i r e c t  r e s u l t  of t h e  method of s i t e  p r epa ra t i on  
on t h e  s t udy  a r e a  t e s t e d .  The company owning 
t h e  l a n d  parked t h e i r  equipment n i g h t l y  on t h e  
r i d g e  where t h e  upper l i n e  was e s t ab l i shed .  The 
windrow was e s t ab l i shed  s o  t h a t  i t  r an  ac ro s s  
t h e  contour  of t h e  s l o p e  r a t h e r  than with t h e  
contour ,  Because of t h i s ,  t h e  windrow i n t e r -  
s e c t ed  t h e  l i n e s  on both  t h e  upper and lower 

S i g n i f i c a n t  i nc r ea se s  i n  a v a i l a b l e  n u t r i e n t s  
a t  the  5 and 10% l e v e l s  of p r o b a b i l i t y  were s een  
f o r  Mg a t  the  18-24 i n .  depth,  K a t  t h e  0-2 i n ,  
dep th ,  P a t  a l l  dep ths ,  and Ma a t  2-4, 4-6, and 
18-24 i n .  depths.  There was a major i n c r e a s e  
i n  P a t  the  4-6 and 6-12 i n .  depth.  There was a  
gene ra l  tendency towards i nc r ea se s  i n  a l l  a v a i l -  
ab l e  n u t r i e n t s  t e s t e d  a t  a lmost  a l l  dep ths .  
Accompanying t he se  changes i n  n u t r i e n t  l e v e l s ,  
t he r e  was decreased i n f i l t r a t i o n  of t h e  s o i l s .  
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ROOT DEbTLOPMENT OF LOBLOLLY PIP\= 

1- i SEEDLINGS IN CO-WACTED SOILS- 

2 / 
Gerry L. Simons and Andrew W. Ezell- 

Abstract.--Loblolly pine seedling root responses to 
various levels of soil compaction were investigated on two 
study sites in East Texas. Seedlings were grown in field con- 
ditions and in a maintained environment situation. Bulk 
density increased 11 percent at one site and 10 percent at the 
other after one vehicle pass over the area, but showed a neg- 
ligible increase after a second pass. Seedling root growth 
generally decreased with an increase in bulk density. 

INTRODUCTION 

Roots play an important role in the survival 
and productive potential of forest trees by pro- 
viding anchorage, water and nutrients needed for 
growth and development (Bilan 1968) . Due to its 
effect on the initial growth and development of 
root systems, compaction produced by heavy eguip- 
ment used in harvesting and cultural operations 
will become even more important as pressures for 
increased forest production lead to more intensive 
management programs (Foil and Ralston 19671. The 
objectives of this study were to measure loblolly 
pine (Pinus taeda L.) seedling root responses to 
various degrees of soil compaction which occurred 
during a simulated site preparation operation, and 
to evaluate the effects of this soil compaction on 
physical parameters of two soil types found on 
industry owned timberland in East Texas. 

Two sites were located on land owned and 
managed by Chmpion International Corporation, 
To simulate a site preparation operation a D-8 
track-type tractor with a V-blade attached was 
used to apply compaction treatments at each site. 
The area designated as Compaction Level I was 
traversed once by the tractor and the area des- 
ignated as Compaction Level I1 was traversed 
twice. At each site an undisturbed area was also 
established as a Control. 

A sample of 150 nursery-grown 1-0 loblolly 
pine seedlings from the same provenance were 
measured to deternine length of lateral roots, 
volume of the root system, and shoot height. At 
the end of one growing season seedling parmeters 
were remeasured and the percent change for each 
parameter was detemined. 

Twenty-five seedlings were hand planked on 
each treatment area at both sites. On compacted 
areas seedlings were planted in the tracks caused 
by the tractor tranversing the area. Fifteen 
seedlings from each treatment remained in the 
field until the end of the growing season. 

The other ten seedlings from each treatment 
were transported undisturbed to the laboratory in 
PVC pipe containers. The sixty transported seed- 
lings were positioned by random methods into six 
rows outside the laboratory. Sand was used to fill 
the space surrounding the containers, providing 
insulation against radiation which would have 
heated the sides of the containers. Soil moisture 
tension was monitored with tensiometers and when 
the average tension reached 70 centihars the soil 
was saturated again. 

Particle size analysis of the top L8 inches 
in each soil horizon was determined using the 
Bouyoucos hydrometer method (Black 1965). Bulk 
density was detemined for the 0 - 3 ,  3-6, and 6-9 
inch soil layers using the core method (Black 1965). 
Volumetric water content was detemined for both 
sites imediately prior to compaction. 

1/ Paper presented at Second Biennial 
~outhgrn Silvicultural Research Conference, 
Atlanta, Georgia. November 4-5, 1982. 

2/ Graduate Research Assistant and Assistant 
prof egsor of Forestry, Texas A&M University , 
College Station, Texas. 

The water retention capacity for each treat- 
ment was detemined at 113 bar and 15 bars of soil 
moisture tension using the tension plate method 
(Black 1965). Using this data the avail&le water 
content (cm31cm3) was estimated by calculating the 



difference in water retention capacity between 1/3 
bar and 2.5 bars of soil moisture tension. 

malysis of variance was used to test for 
significant jPc0.05) seedling response differences 
between Locations (field vs. lab) and sites and 
among treatments. Separate analyses of variance 
were also performed for field grom seedlings and 
Lab grown seedlings. Analysis of variance was also 
used to test for significant (Pc0.05) bulk density 
differences between sites and among treatnents and 
depths. All analysis of variance models were con- 
sidered fixed . 

RESULTS AND DISCUSSION 

Soil Parameters 

Textural analyses for Site I revealed a 
sandy loam surface layer (0-6 in.) overlying a 
subsurface layer (6-18 in.) ranging from loam to 
sandy clay loam. At Site I1 the texture ranged 
from loamy sand to sandy loam throughout the pro- 
file. 

3 3 
The average soil water content (cm /cm ) at 

Site I exceeded field capacity water content at 
the time of compaction. Site 11 had an average 
soil water content very slightly below that of 
field capacity. Due to the lesser percent sand 
on Site I, this site had a higher water retention 
capacity and consequently a greater potential 
available water content than did Site XI. 

Analysis of variance showed significant 
differences for bulk density values between sites 
and treatments and among depths. At both sites 
the Sulk density increased with an increase in 
depth on all treatments and when depths were 
averaged the bulk density increased with increased 
compaction. Values were higher for all treatments 
on Site 11, probably due to the increased sand 
content on this site. 

On both sites the bulk densities for the top 
nine inches of each soil profile increased the 
most between the Control and Compaction Level I. 
On Site I the Control had a bulk density of 1.28 
c~/crn~. This value increased I1 percent to 1.42 
g/cm3 on Compaction Level I. Compaction Level I1 
had a bulk density of 1.43 g/cm3, which was only 
0.7 percent greater than that of Compaction Level 
I. On Site 11 the bulk density for the Control 
was 1.38 c~/cm3. The bulk density for Compaction 
Level I was 1.52, a 10 percent increase over that 
of the Control, Compaction Level I1 bulk density 
only  increased an additional 1.3 percent to 1-54 
g/cm3,  

Seedling Responses 

AnaLysis of variance of the percent change in 
the lateral root Ecngth showed significant dif- 
ferences between locations and sites, and a signi- 
ficant Location x site interaction term. A sepa- 
rate analysis of variance performed for seedlings 

grown in the field showed significant differences 
among treatments and sites. Kowever, the analysis 
of variance for seedlings grown at the lab showed 
a significant difference only between sites. 

These results suggest that on these sites, 
differences between sites and amount of soil com- 
paction both influence lateral root elongation 
when seedlings are grown in the field. However, 
when seedlings are grown at the lab under moni- 
tored conditions, differences in lateral root 
growth are attributable primarily to site dif- 
f erences . 

The significant location x site interaction 
term indicates that seedlings from different sites 
did not react in the same manner when grown under 
monitored conditions. Seedlings from Site 11, 
which had a site index (age 50 years) of 65, grew 
much better at the lab than did the seedlings 
grown in the field. Seedlings from Site I 
(SI50 = 100) which were grown at the lab also 
exhibited an increase in growth over field grown 
Site I seedlings, However, because Site I was a 
very good site and seedling growth in the field 
was good, the comparative growth differential ex- 
hibited by the lab seedlings was not as great as 
that shown by Site I1 lab seedlings. 

Seedlings grown at the lab exhibited greater 
lateral root elongation than did the field grown 
seedlings. This greater percent increase in lab 
grown seedlings was also observed for a91 other 
measured variables and was probably attributable 
primarily to the lower soil moisture tension main- 
tained at the lab. 

At the lab the lateral root elongation of 
Site I seedlings decreased as soil compaction 
increased (table 1). The greatest growth dif- 
ferential occurred between the Control and Com- 
paction Level I seedlings. Lab seedlings from 
Site 11 showed the least lateral root elongation 
on Compaction Level 1. The Control seedlings 
showed the greatest average increase, followed by 
Compaction Level I1 seedlings. This trend was also 
observed for Site I1 seedlings grown in the field. 

Table 1.--Average percent change in lateral root 
growth for Site I and Site I1 seedlings by lo- 
cations and treatments. 

SITE I SITE I1 
TrnATrnNT LAB FIELD LAB FIELD 

CON 540 115 205 4 

CL3 490 126 60 -20 

CLII 480 2 5 5-37 -16 

The low average percent changes associated 
with Compaction Level I on Site I1 for this and 
other variables was probably due to differences in 
planting techniques. Compaction Level I at Site I1 



was the first treatment to be planted and the 
planting crew was inexperienced, Consequently, 
a lower quality planting job was performed on 
this treatsnent, which could have resulted in re- 
duced survival and growth. 

In the field the greatest average percent 
increase exhibited by Site I seedlings occurred 
on Compaction Level I (table I). The mean for the 
control seedlings dropped slightly, while that for 
compaction Level 11 seedlings decreased almost 
100 percent. Compaction Level I exhibited a 
greater water retention capacity than did the 
other two treatments on this site, which possibly 
resulted in slightly more prolific lateral root 
growth. Site I1 field seedlings showed little or 
no lateral root elongation on all treatments. 

Differences between locations and sites and 
the location x site interaction were significant 
in the analysis of variance of the percent change 
in the root system volume. An analysis of var- 
iance of seedlings grown in the field showed 
significant differences among treatments and be- 
tween sites. Again these results imply that in 
this study both site and treatment effects are 
important in determining percent change in volume 
occupied by the root system when seedlings are 
grown in the field. However, under monitored 
conditions the treatment effects become less 
important and site differences become the pri- 
mary factor influencing changes in root volumes. 

The root system volume decreased with in- 
creasing compaction for lab seedlings from Site 
I (table 2). Site If lab seedlings again dis- 
played the least average percent increase on 
Compaction Level I. Field seedlings at both sites 
showed a decrease in volume with increasing 
compaction. On Site I1 a negative average per- 
cent change occurred on Compaction Level I and 
Compaction Level I1 for this and other variables. 
This probably occurred due to poor site condi- 
tions, in combination with the effects of soil 
compaction, which acted to inhibit growth almost 
entirely. 

Table 2.--Average percent change in volume of 
water displaced by the root system for Site f 
and Site I1 seedlings by locations and treat- 
ments. 

and among treatments. In separate analysis botb 
the field grown and the lab grown seedlings showed 
significant differences between sites and among 
treatments. These results imply that site dif- 
ferences and compaction effects both have a sig- 
nificant impact on the rate of root elongation. 
Shoot growth trends were similar to lateral root 
elongation trends, with average shoot height de- 
creasing as compaction increased. 

Seedling survival was also determined for 
each treatment at each site and location. At the 
lab the Control and Compaction Level I1 seedlings 
from Site I had 100 percent survival and Com- 
paction Level II had 90 percent. Site Xi lab 
seedlings had 100 percent survival on Compaction 
Level I, 80 percent on Compaction Level I1 and 
70 percent on the Control. The lower survival on 
the Control probably resulted from the accidental 
loss of soil from two containers during transpor- 
tation. In the field site I had 100 percent sur- 
vival on the Control and Compaction Level 1 areas 
and 90 percent on Compaction Level 11, Survival 
decreased on Site I1 to 47 percent on the Control, 
33 percent on Compaction Level I and 53 percent 
on Compaction Level 11. 

SUMMaRY AND CONCLUSIONS 

This study was conducted on sites having fine 
sandy loam and gravelly loamy fine sand textures. 
Compaction applied when the soil moisture content 
was equal to or exceeding that of field capacity 
resulted in the greatest bulk denslty increase 
with one vehicle trip over the area on botb sites. 
The second trip resulted in very little bulk 
density increases. Because of the high sand con- 
tent of the study site soils and the high soil 
water content at the time of compaction, the 
initial bulk densities and changes in bulk den- 
sities due to compaction treatments were probably 
higher than would be observed on drier sites or 
on sites with finer textured soils, However, 
because of the similarity of many soils in East 
Texas to the sandy loam and loamy sand soils on 
the study sites, these results can probably be 
used in a qualitative manner to predict general 
seedling root responses to increased bulk density 
on these types of soils under similar moisture 
conditions. 

SITE I SITE 11 
TREATmNT LAX3 FIELD LAB FIELD 

CON 1207 157 247 5 3 

CLI 1125 100 124 -38 

CLI I 861 35 163 -44 

Analysis of variance of the percent change 
in shoot height for all seedlings showed signi- 
ficant differences between locations and sites 

Generally, seedling growth means decreased 
with an increase in bulk density. The poor growth 
encountered on compaction treatments having higher 
bulk densities was probably due to some combina- 
tion of the following factors: increased mechan- 
ical resistance to root elongation, a decrease in 
macropore volume, poor aeration, and slower in- 
filtration and internal movement of soil water, 

Lab seedlings from both sites exhibited much 
higher growth means than those seedlings grown in 
the field due to the low soil moisture tension at 
the lab. However, the differences mong com- 
paction treatments at the lab were usually not 
as great as differences between sites. This 



imp l i e s  t h a t  t h e  e f f e c t s  of s o i l  compaction a r e  
n o t  a s  important a s  s i t e  d i f f e r ences  i n  determin- 
i n g  seed l ing  growth responses when seedl ings  a r e  
supp l i ed  with adequate water. 

The r e s u l t s  of t h i s  study suggest  t h a t  s i t e  
cond i t i ons  and s o i l  compaction caused by heavy 
equipment p r i o r  t o  p l an t ing  a r e  both very i m -  
p o r t a n t  i n  determining seedl ing  establishment and 
growth on sandy loam and loamy sand s o i l s  during 
t h e  f i r s t  growing season. Because l a r g e r  in-  
c r e a s e s  i n  bulk dens i ty  occur on sandy s o i l s  which 
a r e  a t  o r  near f i e l d  capaci ty ,  s i t e s  having these  
c h a r a c t e r i s t i c s  should not  be t raversed  during 
wet weather condi t ions  i f  poss ib le .  However, 
s i t e s  having sandy s o i l s  a r e  usual ly  harvested 
or prepared f o r  p l an t ing  during wet weather when 
s i t e s  having heavier  tex tured  s o i l s  a r e  inacces- 
s i b l e .  Under t hese  circumstances t r a f f i c  should 
b e  l i m i t e d  t o  a minimum number of primary t r a i l s .  

Since add i t i ona l  vehic le  t r i p s  seem t o  cause  very  
l i t t l e  increase  i n  bulk dens i ty  under t h e s e  con- 
d i t i o n s ,  t h e  area  subjected t o  higher bulk  densi-  
t i e s  would thus  be minimized. 
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MDTLA3TiXG COSTS ARE INFLUENCZII BY 

2 ' 
Richard M. GuLdin --I 

Abstract.--The primary a r t i f i c i a l  r e g e n e r a t i o n  method 
used f o r  sou thern  p i n e  i s  p l a n t i n g  s e e d l i n g s  by hand. While 
improvements i n  s u r v i v a l ,  growth and y i e l d  from 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  have been h e a v i l y  s t u d i e d ,  t h e  e f f e c t  of 
i n t e n s i v e  t rea tments  on t o t a l  r e g e n e r a t i o n  c o s t  has  drawn 
l i t t l e  a t t e n t i o n .  From 70 p l a n t i n g  c o n t r a c t s  f o r  both n a t i o n a l  
f o r e s t s  and i n d u s t r i a l  l a n d s ,  a  r e g r e s s i o n  equa t ion  is 
developed t h a t  r e l a t e s  p l a n t i n g  s i t e  c h a r a c t e r i s t i c s  and 
p r e p a r a t i o n  a c t i v i t i e s  t o  p l a n t i n g  c o s t .  It  c o n t a i n s  s i x  
independent  v a r i a b l e s :  two acreage  v a r i a b l e s ,  t h r e e  t reatment  
v a r i a b l e s ,  and type  of ownership. The a n a l y s i s  provides guides 
f o r  more e f f i c i e n t  r e g e n e r a t i o n  d e c i s i o n s .  

The p a s t  2  y e a r s  have been e x c e p t i o n a l l y  
d i f f i c u l t  ones f o r  t h e  s o u t h e r n  p i n e  i n d u s t r y .  
Markets have been poor and s a l e s  low. Conse- 
quent ly ,  budgets  f o r  r e f o r e s t a t i o n  have been 
t i g h t l y  squeezed. 

This  paper  e x p l o r e s  ways i n  which t h e  type  
and i n t e n s i t y  of s i t e  p r e p a r a t i o n  a f f e c t  subse- 
quent c o s t s  of handplan t ing  sou thern  p i n e  seed- 
l i n g s  on n a t i o n a l  f o r e s t s  and i n d u s t r y  l ands .  

S i t e  p r e p a r a t i o n  procedures vary  widely,  
depending i n  l a r g e  p a r t  on landowner o b j e c t i v e s  
and p o l i c i e s .  I t  i s  n o t  unusual f o r  2 a d j a c e n t  
landowners t o  use  widely d i f f e r i n g  s i t e  prepara-  
t i o n  methods. The F r a n c i s  Marion Nat iona l  F o r e s t  
i n  South Caro l ina  f a v o r s  a  s i n g l e  drum chopping 
t rea tment  coupled w i t h  h e r b i c i d e  i n j e c t i o n s  of 
t r e e s  t o o  b i g  t o  chop. On a d j a c e n t  p r i v a t e  l a n d ,  
s i m i l a r  s i t e s  a r e  e i t h e r  be ing  sheared ,  raked and 
bedded; o r  sheared ,  chopped, burned and bedded 
b e f o r e  handplant ing.  P r i v a t e  landowners s p e n t  up 
t o  twice a s  much p e r  a c r e  f o r  s i t e  p r e p a r a t i o n  a s  
t h e  n a t i o n a l  f o r e s t .  However, t h e  n a t i o n a l  f o r e s t  
spen t  more t o  g e t  i t s  s i t e s  handplanted,  even 
though t h e  p l a n t i n g  methods were g e n e r a l l y  t h e  
same. 

I /  Paper p resen ted  a t  2nd Biennia l  Southern 
~ i l v ? c u l t u r a l  Research Conference, A t l a n t a ,  
Georgia, November 4-5, 1982. 

2 1  Economist, 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 ,  New Or leans ,  Louis iana .  

To explore  t h e  r e l a t i o n s h i p  between s i t e  
p r e p a r a t i o n  and p l a n t i n g  investments ,  s i t e  
c h a r a c t e r i s t i c s  and p r e p a r a t i o n  p r a c t i c e s  were 
reviewed f o r  70 s e p a r a t e  p l a n t i n g  s i t e s .  The 
s i t e s  covered 11,633 a c r e s  i n  230 i n d i v i d u a l  
p a r c e l s  on 8 n a t i o n a l  f o r e s c s  and 4 i n d u s t r i a l  
ownerships, Both c o a s t a l  p l a i n  and piedmont 
s i t e s  i n  South Caro l ina ,  Alabama, M i s s i s s i p p i  
and Louisiana were included.  

Data were c o l l e c t e d  f o r  s i t e s  p lan ted  i n  both 
t h e  1999-1980 (25%) and 1980-1981 (75%) seasons.  
Cont rac tors  performed a l l  of t h e  p l a n t i n g  and s i t e  
p r e p a r a t i o n  a c t i v i t i e s  except p rescr ibed  burning 
--on bo th  p u b l i c  and p r i v a t e  l ands .  

Contract  c o s t s  a r e  p r e f e r r e d  f o r  a n a l y s i s  
i n s t e a d  of " i n  houset1 o r  " force  account" e s t i m a t e s  
because c o n t r a c t  c o s t s  were e s t a b l i s h e d  by t h e  
market and no t  by accounting p r a c t i c e s .  

ANALYSIS 

Handplanting c o s t  per  a c r e ,  excluding t h e  c o s t  
of s e e d l i n g s ,  was s e l e c t e d  a s  t h e  dependent 
v a r i a b l e  f o r  r e g r e s s i o n  a n a l y s i s .  From the  13 
c a t e g o r i e s  of in format ion  considered a s  p o t e n t i a l  
independent v a r i a b l e s ,  Equation 1  was obtained.  

The F - s t a t i s t i c  f o r  t h e  equa t ion  is  23.58, 
having a p r o b a b i l i t y  l e s s  than 0.001. 2The co- 
e f f i c i e n t  of m u l t i p l e  de te rmina t ion  (R ) is 0.69. 
The s tandard  e r r o r  of t h e  e s t i m a t e  is  8.02. The 
t - s t a t i s t i c s ,  shown i n  paren theses  beneath t h e  
c o e f f i c i e n t s ,  a r e  a l l  s i g n i f i c a n t ,  having prob- 
a b i l i t y  l e s s  than 0.008, 



Equation 1. 

FANDPLTS = $2,00 - $0.040 (TOTLACRE) + $17.20 (LOGACRE) 
( 2 . 8 5 )  ( 3 . 24 )  

- $3.75 (WMIICBAS) + $7.91 (BURNED) - $0.49 (BURNCOST) 
(2.90) (2.72) (4.08) 

Where : 

KdiUIIPLTS - Handplanting c o s t ,  d o l l a r s  p e r  a c r e  
TOTLACRE - T o t a l  ac reage  o f f e r e d  f o r  p l a n t i n g  
LOGACRE - Logari t 'm,  base 10,  of TOTLACRE 
{LMCHPAS - Number of machine p a s s e s  used i n  s i t e  p r e p a r a t i o n  
BURNED - Zero-one v a r i a b l e ,  1  i f  b roadcas t  burn was used 
BURNCOST - Cost of p r e s c r i b e d  broadcas t  burn,  d o l l a r s  per  a c r e  
OFIEjER - Zero-one v a r i a b l e ,  1  i f  n a t i o n a l  f o r e s t ,  0  i f  i n d u s t r y  

DISCUSSION 

S i t e  p r e p a r a t i o n  a c t i v i t i e s  a r e  d i r e c t e d  a t  
t h r e e  g o a l s :  ( I )  c o n t r o l l i n g  competing vegeta-  
t i o n ;  ( 2 )  improving t h e  s e e d l i n g ' s  growing loca-  
t i o n ;  and ( 3 )  s i m p l i f y i n g  p l a n t i n g  (Smith 1962). 
D o l l a r  b e n e f i t s  from c o n t r o l l i n g  compet i t ion  and 
improving che p l a n t i n g  s p o t  normally accrue  as 
i n c r e a s e s  i n  f u t u r e  h a r v e s t  v a l u e .  Through 
economic formulas,  t h e  expected f u t u r e  h a r v e s t  
v a l u e  can  be d i scounted  t o  an e q u i v a l e n t  b e n e f i t  
v a l u e  i n  today ' s  d o l l a r s .  Reductions i n  p l a n t -  
i n g  c o n t r a c t  c o s t s  measure t h e  d o l l a r  b e n e f i t s  
o b t a i n e d  from s i m p l i f i e d  p l a n t i n g .  The sum of 
t h e  p r e s e n t  worth of f u t u r e  h a r v e s t  b e n e f i t s  and 
t h e  r e d u c t i o n  i n  p l a n t i n g  c o s t  must exceed t h e  
t o c a l  c o s t  of t h e  s i t e  p r e p a r a t i o n  t rea tments  f o r  
t h e  combinat ion 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  
t o  be economical ly j u s t i f i e d .  

Although a l t e r i n g  s i t e  p r e p a r a t i o n  a c t i v i t i e s  
induces  changes i n  b e n e f i t s  from a l l  3 g o a l s ,  t h e  
e q u a t i o n  only e s t i m a t e s  t h e  econonic b e n e f i t s  
from t h e  s i m p l i f i e d  p l a n t i n g  g o a l ,  i . e .  a  reduc- 
t i o n  i n  WNDPLTS. A s e p a r a t e  economic a n a l y s i s  
i s  r e q u i r e d  t o  measure t h e  compet i t ion  c o n t r o l  
and p l a n t i n g  s p o t  improvement b e n e f i t s  provided.  

The independent v a r i a b l e s  f a l l  i n t o  3 ca te -  
g o r i e s :  acreage, t r ea tment  and ownership. 

Acreage 

TOTLACRE and LOGAGRE combined have a curv i -  
l i n e a r  e f f e c t  on mNDPLT$. A s  t h e  p l a n t i n g  con- 
t r a c t  a c r e a g e  i n c r e a s e s  up t o  160 a c r e s ,  t h e  c o s t  
c o n t r i b u t i o n  of a c r e a g e  t o  HASDPLTS i n c r e a s e s  up 
t o  $31.60, Between IS0 and 200 a c r e s ,  t h e  c o s t  
c o n t r i b u t i o n  t o  IWNDPLTS is  c o n s t a n t .  For a r e a s  
l a r g e r  than 200 a c r e s  the n e t  ac reage  c o n t r i b u t i o n  

t o  HANDPLTS d e c l i n e s .  

Di f fe rences  i n  p l a n t i n g  c o n t r a c t o r s  a r e  
r e s p o n s i b l e  f o r  t h e  c o s t  peak between 160 and 200 
a c r e s  ( f i g ,  1 ) .  Cont rac tors  w i t h  a  Large perma- 
nen t  crew cannot economically p l a n t  smal l  t r a c t s  
because they spend too  much time moving from s i t e  
t o  s i t e .  Small ac reages  a r e  u s u a l l y  p l a n t e d  by 
smal l  l o c a l  c o n t r a c t o r s .  But as acreage i n c r e a s e s  
(up t o  200 a c r e s ) ,  a smal l  c o n t r a c t o r  has  t o  h i r e  
temporary l a b o r e r s  o r  work overt ime to  g e t  t h e  
job f i n i s h e d  on time. Hi r ing  temporar ies  and 
working overt ime bo th  reduce p l a n t i n g  e f f i c i e n c y  
and i n c r e a s e  c o s t s .  A s  c o n t r a c t  ac reage  i n c r e a s e s ,  
a  p o i n t  is f i n a l l y  reached (160 a c r e s )  where a  
c o n t r a c t o r  w i t h  a l a r g e  permanent crew can p l a n t  
t h e  a r e a  economically. Between 160 and 200 a c r e s ,  
l a r g e  and smal l  c o n t r a c t o r s  a r e  d i r e c t l y  competing 
f o r  t h e  low b i d ,  

Treatments  

The f o r e s t  product  f i rms  s t u d i e d  began s i t e  
p r e p a r a t i o n  w i t h  s h e a r i n g  on 81 percen t  of t h e  
s i t e s .  They used bedding on 41 percen t  of t h e  
s i t e s  and broadcas t  burning on 33 percen t  of t h e  
sites. Nat iona l  f o r e s t  managers used s h e a r i n g  as 
t h e  i n i t i a l  t rea tment  on on ly  19 percen t  of t h e  
s i t e s .  They never  bedded, bu t  burned 48 p e r c e n t  
of t h e  s i t e s .  The p r i n c i p a l  p r e p a r a t i o n  method 
used by n a t i o n a l  f o r e s t s  was i n j e c t i o n  of herb- 
i c i d e s  w i t h  hand t o o l s  (53 percen t  cf t h e  s i t e s ) .  
Consequently, p r e p a r a t i o n  of i n d u s t r i a l  l and  w a s  
more i n t e n s i v e ,  u s i n g  an average of 2-1 machine 
p a s s e s  compared t o  0.5 machine passes f o r  n a t i o n a l  
f o r e s t s .  

The c o e f f i c i e n t  of IimCHPAS r e v e a l s  t h a t  each 
a d d i t i o n a l  mechanical s i t e  p r e p a r a t i o n  t rea tment  
reduces WDPLTS by $3.75 per  ac re .  For example, 



Figure 1,--The e f f e c t  of c o n t r a c t  acreage on KANDPLTS 

ACREAGE 

i f  bedding c o s t s  $20 p e r  a c r e ,  i t  would reduce 
BANDPITS $3.75 ( s i m p l i f i e d  p l a n t i n g  b e n e f i t s )  
because between-row spac ings  have a l r e a d y  been 
established by t h e  beds. Only $16.25 remains t o  
be J u s t i f i e d  by p r e s e n t  worth b e n e f i t s  from 
competition c o n t r o l  and s i t e  amel io ra t ion .  

The t w o  burning v a r i a b l e s  combine t o  reduce 
HANDPLTS when burning c o s t s  more than  $16.01 p e r  
acre. Several. f i r m s  burn t o  f a c i l i t a t e  p l a n t i n g .  
But t h e  p r e s e n t  worth b e n e f i t s  from low-cost 
burning are not cap tured  i n  reduced p l a n t i n g  
c o s t s .  Because Lon-cost burning a c t u a l l y  r a i s e d  
HANBPLTS, present  worth b e n e f i t s  from compet i t ion  
c o n t r o l  and p l a n t i n g  s p o t  improvement must be 
greater than  t h e  sum of t h e  c o s t  of burning p l u s  
t h e  increase i n  HmDPLTS. 

High burning c o s t s  were comon where hand 
i n j e c t i o n  of h e r b i c i d e s  was used f o r  o v e r s t o r y  
competition c o n t r o l  i n s t e a d  of shear ing .  Such 
s i t e s  tended t o  have h e a v i e r  f u e l  accumulat ions.  
On these s i t e s ,  burning d i d  n o t  merely k i l l  
s p r o u t s  and e l i m i n a t e  herbaceous compet i t ion ,  i t  
also rep laced  mechanical t r e a t m e n t s  t o  d e s t r o y  
h a r v e s t  r e s i d u e s  and thereby  s i m p l i f y  p l a n t i n g .  
Whether a burn o r  an a d d i t i o n a l  mechanical t r e a t -  
ment has a g r e a t e r  n e t  p r e s e n t  worth depends on 

t h e  i n t e r a c t i o n  of b e n e f i t s  from competi t ion 
c o n t r o l  s p o t  improvement. 

The c o e f f i c i e n t  of t h e  OWNER v a r i a b l e  ind ica-  
c a t e s  t h a t  p l a n t i n g  t h e  same s i z e d  s i t e  prepared 
t h e  same way w i l l  c o s t  $20.43 per  a c r e  more i f  
t h e  ac reage  is n a t i o n a l  f o r e s t  than i n  i n d u s t r i a l  
ownership. The i n c r e a s e d  c o s t  of F o r e s t  S e r v i c e  
p l a n t i n g  c o n t r a c t s  is not  t h e  r e s u l t  of incons i s -  
t e n t  d a t a .  Some of t h e  p l a n t i n g  c o n t r a c t o r s  d i d  
b u s i n e s s  w i t h  bo th ,  and t h e  b i d s  were always 
h igher  f o r  n a t i o n a l  f o r e s t  c o n t r a c t s .  

F ive  f a c t o r s  c o n t r i b u t e  t o  t h e  d i f f e r e n c e  i n  
handplan t ing  b i d  p r i c e s  between t h e  two owner- 
s h i p s :  1) h a r v e s t  u t i l i z a t i o n  s t a n d a r d s ,  2)  
h a r v e s t  t r a c t  s i z e  d i f f e r e n c e s ,  3) v i s u a l  amenity 
consequences, 4) s e e d l i n g  spac ings  and 5) c o n t r a c t  
a d m i n i s t r a t i o n  procedures.  

Harvest U t i l i z a t i o n  Standards stem from 
d i f f e r e n c e s  i n  h a r v e s t i n g  phi losophy and emphasis. 
Southern f o r e s t  p roduc ts  f i rms  l e a v e  l e s s  m a t e r i a l  
on t h e  s i t e  fo l lowing  h a r v e s t .  The recen t  emphasis 
i n  energy s e l f - s u f f i c i e n c y  has l e d  many f i rms  t o  



i n s t a l l  wood-burning b o i l e r s  f o r  steam and e l e c -  
t r i c i t y  genera t ion .  NiPL was te  i s  i n s u f f i c i e n t  
t o  meet t o t s l  fuel needs i n  most c a s e s ,  s o  logg ing  
w a s t e  and small  trees p r e v i o u s l y  Lef t  on t h e  s i t e  
a r e  now chipped and hauled to t h e  m i l l  f o r  f u e l .  
O n  n e t i o n a l  f o r e s t s ,  c o n t r a c t  s p e c i f i c a t i o n s  
frequently L i m i t  the  c u t t i n g  of s m a l l  fuelwood 
t r e e s .  Although smal l  stems may be c u t  by p r i v a t e  
i n d i v i d u a l s  having f i rewood c o l l e c t i o n  p e r m i t s ,  
s u c h  fue lwood  h a r v e s t i n g  i s  n o t  n e a r l y  as complete 
a s  i n d u s t r i a l  ch ipp ing  of r e s i d u a l s .  Tbe r e s u l t  
i s  more stems and h a r v e s t  d e b r i s  l e f t  t o  h i n d e r  
t h 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  p r o c e s s  on 
n a t i o n a l  f o r e s t  l and  than on i n d u s t r i a l - o m e r  
Lands. 

H a r v e s t  t r a c t  s i z e s  d i f f e r  between ownership ---- 
c l a s s e s .  Although t h e  average  p l a n t i n g  c o n t r a c t  
a c r e a g e s  a r e  s i m i l a r  ('143.8 a c r e s  f o r  i n d u s t r y  
and 180-4 f o r  n a t i o n a l  f o r e s t s ) ,  t h e  average  
t r a c t  size for i n d u s t r i a l  l and  i s  138.7 a c r e s  
compared to only  50.6 a c r e s  on n a t i o n a l  f o r e s t s .  
N a t i o n a l  f o r e s t s  tend t o  lump s e v e r a l  smal l  p a r c e l s  
t o g e t h e r  i n t o  one p l a n t i n g  c o n t r a c t ,  

S m a l l  t r a c t  s i z e s  a r e  more c o s t l y  t o  p l a n t .  
Time i s  s p e n t  moving t h e  crew and Laying o u t  t h e  
job befo re  beginning work a t  e a c h  s i t e .  L f  more 
t h a n  one t r a c t  i s  b e i n g  p l a n t e d  s imui taneous ly ,  
costs i n c r e a s e  because the  foreman spends l e s s  
t ime  s u p e r v i s i n g  p l a n t i n g  crews because of c o m u t -  
i n g  between s i tes .  Decreased s u p e r v i s i ~ n  may 
r e s u l t  i n  s h o w e r  p r o g r e s s  o f  t h e  crews ( r a i s i n g  
overhead  cos t s  p e r  a c r e ) ,  lower q u a l i t y  of work 
and increased need f o r  i n t e r p i a n t i n g ,  

V i s u a l  amenity consequences of h a r v e s t  have 
Led t h e  Fo re s t  S e r v i c e  t o  use i r r e g u l a r l y  shaped 
p a r c e l s  t o  minimize the v i s u a l  impacts  of h a r v e s t  
c u t t i n g .  The r e s u l t s  a r e  l a r g e  i r l c reases  i n  
p a r c e l  p e r i m e t e r  p e r  u n i t  a c r e  and c o n c o m i t a n t  
i n c r e a s e s  i n  p l a n t i n g  d i f f i c u l t y .  I r r e g u l a r  
shapes c r e a t e  and cut off s h o r t  l e n g t h s  of row 
a long  the  per imete r  i f  rows a r e  Laid o u t  p a r a l l e l  
t o  t h e  p a r c e l ' s  l o n g e s t  ax i s ,  A l t e r n a t i v e l y ,  
rows may twist and t u r n  t o  f o l l o w  t h e  p a r c e l ' s  
boundary. In e i t h e r  case, keeping t h e  p roper  
s p a c i n g  between and w i t h i n  rows i s  d i f f i c u l t .  
B r i n g i n g  crews back t o  a r e a s  needing i n t e r p l a n t -  
i n g  t o  b r i n g  p l a n t i n g  d e n s i t y  up t o  minimum l e v e l s  
is c o s t l y .  The a l t e r n a t i v e  i s  t o  p l a n t  more t r e e s  
t o  a s s u r e  meet ing s t o c k i n g  minirnms, which r e s u l t s  
i n  s l o w e r  p rogress .  

d i f f e r  between ownerships  
a l t h o u g h  t h e  mean number of  s e e d l i n g s  p l a n t e d  
p e r  acre i s  conparable  between ownershipsf"10 
g e r c e n r ) ,  Cost d i f f e r e n c e s  due t o  p l a n t i n g  den- 
s i t y  p e r  acre, a l though  ninor ,  shou ld  favor 
national f a r e s t s  because they p l a n t  fewer seed- 
lings p e r  a c r e ,  But the same s e e d l i n g  d e n s i t y  
can be obtained w i t h  d i f f e r e n t  spac ings .  P l a n t e r s  
walk 20 p e r c e n t  l e s s  row when the s p a c i n g  between 
rows i s  10 feet v a r s u s  8 feet t o  p l a n t  a t  t h e  
same density p e r  acre.  The 10-foot spac ing  
between r e w s  i s  favored by i n d u s t r y  and t h e  

K i s a t c h i e  Nat iona l  F o r e s t ,  LA. The o t h e r  n a t i o n a l  
f o r e s t s  favored 8-foot spac ings .  

Cont rac t  a d m i n i s t r a t i o n  procedures  i n f l u e n c e  
t h e  O W E R  c o e f f i c i e n t  through 2 e lements:  t h e  
b idd ing  mechanism and t h e  documentation mechanism. 
Sealed b idd ing  f o r  c o n t r a c t  p l a n t i n g ,  r e q u i r e d  on 
n a t i o n a l  f o r e s t s ,  l e a v e s  no l a t i t u d e  f o r  nego- 
t i a t i n g  a  lower p r i c e  w i t h  b idders .  I n d u s t r i e s ,  
on t h e  o t h e r  hand, n e g o t i a t e  c o n t r a c t  p r i c e s .  
They can add p e r q u i s i t e s  i n  t h e  form of guaran teed  
minimum acreages  o r  p r e f e r e n c e s  on f u t u r e  con- 
t r a c t s  and reward good performance. A l l  t h e s e  
f a c t o r s  can r e s u l t  i n  lower b id  p r i c e s  f o r  
i n d u s t r y  l and  than  f o r  f e d e r a l  l and .  

Na t iona l  f o r e s t  c o n t r a c t s  r e q u i r e  more docu- 
menta t ion  than  i n d u s t r y  c o n t r a c t s .  Each t ime 
t h e  c o n t r a c t  o f f i c e r  o r  h i s  r e p r e s e n t a t i v e  con- 
t a c t s  t h e  c o n t r a c t o r ,  a  w r i t t e n  record  i s  c r e a t e d .  
The c o n t r a c t o r  i s  r e q u i r e d  t o  i n i t i a l  o r  s i g n  
forms, o f t e n  d a i l y .  Many p l a n t i n g  c o n t r a c t o r s  
r e f l e c t  t h e i r  f e e l i n g s  about such thorough 
documentation by r a i s i n g  t h e  bid p r i c e s  h i g h e r  
t h a n  t h o s e  charged on i n d u s t r i a l  ownerships  
where l e s s  documentation is  requ i red .  

SUMMARY 

There i s  a s t r o n g  nega t ive  a s s o c i a t i o n  between 
handplan t ing  c o s t  and i n t e n s i t y  of s i t e  p repara -  
t i o n .  The h i g h e r  c o s t  of handplant ing n a t i o n a l  
f o r e s t s  compared t o  i n d u s t r y  l a n d s  appears  due t o  
s i t e s  t h a t  have more h a r v e s t  r e s i d u a l s  o b s t r u c t i n g  
p l a n t e r  a c c e s s ,  t h a t  a r e  smal le r  and more i r r e g u -  
l a r l y  shaped,  and t h a t  a r e  p l a n t e d  a t  l e s s  e f f i -  
c i e n t  spac ings .  The lower i n t e n s i t y  of mechan ica l  
s i t e  p r e p a r a t i o n  on n a t i o n a l  f o r e s t s  and c o n t r a c t  
a d m i n i s t r a t i o n  p rocedures  a l s o  add t o  t h e  p l a n t -  
i n g  c o s t  premium. 

Land managers can use  t h e  r e s u l t s  of t h e  
a n a l y s i s  a s  g u i d e l i n e s  f o r  e v a l u a t i n g  t h e  e f f i -  
c iency  of t h e i r  r e g e n e r a t i o n  programs. By con- 
s i d e r i n g  t h e  e f f e c t s  t h a t  s i t e  p r e p a r a t i o n  methods 
and h a r v e s t  t r a c t  s i z e  have on handplan t ing  c o s t ,  
t o d a y ' s  s c a r c e  r e g e n e r a t i o n  funds can be s t r e t c h e d  
t o  expand t h e  a c r e a g e  r e f o r e s t e d  and he lp  a s s u r e  
f u t u r e  t imber  s u p p l i e s .  
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Abstract years after p l a n t i n g ,  s l a s h  p i n e  
(PSzks eZl:o%tii Engeln, var ,  e l l i o t t i i )  was s t i l l  responding 
t o  a p r e p l a n t  a p p l i c a t i o n  o f  88 Ih o f  phosphorus p e r  a c r e .  
Bedding and flat disk ing  improved height  growth through age 
13, but the effects of t h e  s i t e  p r e p a r a t i o n  t rea tments  dec l ined  
after age L O ,  Lime d i d  not a f f e c t  t ree  growth. Fusiform r u s t  
(CAw~~r$i -c  akerckun (Berk, ) l"liyabe ex S h i r a i  f , s p  , fus i fome)  
i n f e c t i o n  of the  ~ a i n  stems was about  84 p e r c e n t  f o r  a l l  
treatments, S t  ill, t h e  volume i n c r e a s e  from phosphorus a p p l i -  
cat i o r :  and bedd ing  compare favorab ly  w i t h  t h e  expected i n c r e a s e  
i n  volume on poore r  s i t e s  now be ing  o p e r a t i o n a l l y  bedded and 
f e r t i l i z e d ,  

INTRODUCTION 

The effects of bedding and phosphorus f e r t i -  
l i z e r  on w e t  flatwood sites are  usually dramat ic ,  
t u r n i n g  unproduct ive sites into productive ones 
( P r i t c h e t t  1979) .  However, this increase i n  
growth from s i te  m d i f i c a t i o n  must be compared 
t o  t h e  i n c r e a s e  t h a t  can be expected I f  t he  same 
expendi tu re  were made on i n i t i a l l y  productive 
s i t e s ,  Then the l and  manager can decide which of  
h i s  s i t e s  w i l l  provide the greatest r e t u r n ,  given 
the  a d d i t i o n a l  inputs, 

%IS paper r e p o r t s  the  e f f e c t s  of f l a e  disk- 
ing, bedding, phosphorus fertilizer, and Liming 
on t r e e  growth on a s i t e  t h a t  would produce a 
good crop wi thout  application o f  any of the  s i t e  
modi f ica t ions ,  

The s tudy  area was loca ted  in Rapides P a r i s h ,  
Louisiana,  on a s i t e  occnpicd b y  native grasses 
and sca t t e red  small h a r d ~ ~ o o d s ,  T!IC soil i s  
moderatel>- well d r a i n e d  Beauregard silt loan 
(flne-silty, s i l i c e o u s ,  thermic 4LinthaquLc 
PaleuduLt), The d e p t h  o f  the w d n t e r  water table 
was e s t l ~ s t e d  te be 18 to 28 inches uslng t h e  
depth to gray mottles as a l  i n d i c a t o r ,  S i t e  

L'paper presen ted  at Saurhern S i1 : r i cuL tu ra l  
Research Conference h e l d  i n  At lan ta ,  GA, , 
P3cve~~rb~r 4 - 5 ,  1982, 

.?/Soil  S c i e n t i s t ,  Southern F o r e s t  Experiment 
S t a t i o n ,  USDA--Fares t Service ,  Pinex-i i l le ,  LA 71360, 

index f o r  s l a s h  a t  age 50 i s  90, determined by 
u s i n g  h e i g h t s  of  t h e  check p l o t s  a t  age 13  and 
s i t e  index  curves (USDA F o r e s t  Serv ice ,  1976; 
F a r r a r ,  1973) .  

S i t e  p r e p a r a t i o n  and f e r t i l i z e r  t rea tments  
were a p p l i e d  i n  a  s p l i t  p l o t  des ign .  S i t e  prep- 
a r a t i o n  t rea tments ,  c o n s i s t i n g  of check, f l a t  
d i s k i n g ,  and bedding,  were a p p l i e d  t o  t h e  main 
p l o t s  which were 116 x 148 f e e t .  The check 
p l o t s  were burned s e v e r a l  weeks b e f o r e  p l a n t i n g .  
The f l a t  d i sked  p l o t s  were t i l l e d  twice wi th  an 
o f f s e t  d i s k  i n  the  f a l l  o f  1967. Bedded p l o t s  
were t r e a t e d  a t  t h e  same time w i t h  a bedding 
harrow t h a t  formed r i d g e s  6 inches h igher  than  
the  o r i g i n a l  s o i l  s u r f a c e  and 8 f e e t  a p a r t .  P lan t -  
i n g  w a s  delayed one season t o  a l low t h e  beds t o  
s e t t l e .  

Four f e r t i l i z e r  t rea tments  were app l ied  t o  
s u b p l o t s  o f  each main p l o t .  The t rea tments  were 
no f e r t i l i z e r ,  1 ,000 l b / a c r e  of l ime ,  88 l b l a c r e  
of phosphorus, and t h e  l ime  and phosphorus t r e a t -  
ments combined. The l ime  was a g r i c u l t u r a l  l ime  
l e s s  than 200 mesh and was a p p l i e d  t o  f i n d  t h e  
e f f e c t s  o f  i n c r e a s i n g  t h e  amount o f  calcium on t h e  
exchange complex. T r i p l e  superphosphate was used 
as the phosphorus source .  The f e r t i l i z e r s  were 
broadcas t  by hand j u s t  b e f o r e  s i t e  p r e p a r a t i o n ,  

I n  February 1969,  s l a s h  p i n e  s e e d l i n g s  (1-0; 
grades I and 2 )  were p lan ted  a t  a  6- x 8-foot  
spac ing .  At t h e  end o f  t h e  f i r s t  growing season,  
a l l  dead t r e e s  were rep laced  w i t h  1-1 s t o c k .  

Measurements were made on 24 p ines  i n  t h e  
middle of each s u b p l o t .  Heights  were measured 



a n n u a l l y  through age  5 and then  a t  ages  7 ,  10 ,  
and 1 3 .  Diameter a t  b r e a s t  h e i g h t  and fusiforx 
r u s t  i n f e c t i o n  measurements were begun a t  age 4 
and from then on a t  t h e  same time as  h e i g h t  
measurements. Reported d iameters  a r e  q u a d r a t i c  
means. Vol~me ( i n s i d e  bark)  was c a l c u l a t e d  from 
the  d iameter  and h e i g h t  of each t r e e  us ing  t h e  
e q u a t i o n :  

(Schmi t t  and Bower, 1970).  Fusiform r u s t  in fec-  
t i o n  was recorded i f  one o r  more g a l l s  had f o m -  
ed i n  t h e  main stem. M o r t a l i t y  b e f o r e  age 4 
was a t t r i b u t e d  t o  t h e  e s t a b l i s h e n t  phase. Only 
t r e e s  a l i v e  a t  age 4 were used a s  a b a s i s  i n  
c a l c u l a t i n g  m o r t a l i t y  and fus i form r u s t  i n f e c t i o n  
p e r c e n t a g e s .  

Phosphorus and calcium c o n c e n t r a t i o n s  i n  
the  n e e d l e s  were determined from samples c o l l e c t -  
ed i n  t h e  w i n t e r ,  2 y e a r s  a f t e r  p l a n t i n g ,  and in 
August,  10 y e a r s  a f t e r  p l a n t i n g .  August sampling 
w a s  u s e d  t o  maximize n u t r i e n t  d i f f e r e n c e s  due t o  
t r e a t m e n t .  The f o l i a r  samples were d r i e d  at 70°C, 
ground t o  pass  through a 20-mesh s c r e e n ,  ashed 
a t  500°C and taken up i n  0.3NtIN03. Phosphorus 
was determined calorimetrically and calcium by 
a tomic  absorp t ion  spec  tropho tometry. 

Avai lab le  phosphorus and exchangeable calcium 
were measured on s o i l  samples c o l l e c t e d  1 3  years 
a f t e r  p l a n t i n g .  Avai lab le  phosphorus was extract- 
ed by shaking w i t h  0.05N KClW.025g BzS04 
f o r  1 5  minutes (Nelson e t  a1 -1953 ,  \*:elis st a i m  
1973).  Exchangeable calcium was removed wi th  

NH40Ac a t  pH 7.  

Ana lys i s  o f  v a r i a n c e ,  i n c l u d i n g  preplanned 
o r t h o g o n a l  comparisons, was used t o  t e s t  f o r  
d i f f e r e n c e s  w i t h  t h e  s i g n i f i c a n c e  l e v e l  s e t  a t  
t h e  0 .05  l e v e l .  The a r c s i n e  t rans format ion  was 
used t o  normalize m o r t a l i t y  and i n f e c t i o n  
percen tages .  

Growth 

The s i t e  p r e p a r a t i o n  t rea tments  and phos- 
phorus f e r t i l i z e r  i n c r e a s e d  t r e e  h e i g h t  through 
age 1 3 .  The mechanical  and f e r t i l i z e r  t r e a t -  
ments d l d  n o t  i n t e r a c t ,  s o  t h e  e f f e c t s  o f  t h e  two 
a r e  a d d i t i v e .  

The t r e e s  on  t he  mechanical ly t r e a t e d  p l o t s  
were s i g n i f i c a n t l y  t a l l e r  than the check p l o t s  
beg inn ing  a t  age 3 ( f i g ,  1 ) .  The bedding increas -  
ed h e i g h t  by 1 . 0  f e e t  a t  age 3 and by 2,1 feet 
a t  age 1 0 .  However, by age 1 3  t h e  t r e e s  on 
bedded p l o t s  were o n l y  1 .4  feet t a l l e r  than  t h e  
t r e e s  on  t h e  check p l o t s ,  Tne f i a t  d i sk ing  
i n c r e a s e d  t h e  h e i g h t  growth about  h a l f  as much 
a s  t h e  bedding t rea tment  f o r  ages 3 through LO.  
By age 1 3  t h e  advantage of bedding over  f l a t  
d i s k i n g  was no l o n g e r  s i g n i f i c c m t .  

BEDDED 
DISK 
CHECK 

AGE, YEARS 

Figure 1,--Effect of f l a t  dksk ing  and bedding on 
h e i g h t  of s l a s h  p i n e  s t s n d  L to 13 y e a r s  o l d ,  

Bedding also increased tree diameter in t h e  
period before  age 13 (table I), F l a t  d l sk ing  
w a s  marginally better t h a n  no mechanical s i t e  
preparation f o r  ages L through 10, N e i t h e r  
treatment W ~ S  s i g n i f i ~ % x n t l y  better khan t h e  check 
by age 13, The standard error o f  the  d i f f e r e n c e  
had almost doubled from Q,06 inch t o  0-11 inch in 
t h e  %year period, T h i s  a rcomted f o r  t he  l o s s  of 
s ign i f i cance  rather chan a decrezse in growth 
d i f ferences  , 

Table  I , - - E f f e c t s  o f  site p r e p a r a f i o n  treatments 
on 64ameter ana voZunc of slash 7 i n e  a t  ages 4 
through 13 (average of all Lime and phosphorus 
treatrents) 

: Average d , h  ,k, --- -- : - T o t a l  vofu~e ( k . b , )  
Age: Check : 3 i s k  : Bed, : Check : Cisk : Bed, --------- -------- inches-------- ------ --- -- (ftiiacre>------- 

g ~ e a n s  o f  common ireasurenenf age and type  and 
foflowed by the sane lercer  are no t  significantly 
d i f f  ereat iP - 0 -05) , 

The bedding treatments increased the  t o t a l  
volume s i g n f f i c a n t l y  in rhe first LO years (table 
I ) ,  The volume in t h e  f l a t  d i s k e d  p l o t s  was 
significantly greater than on check p l o t s  on ly  at 
age LO, Again by age 15 the effects of mechanical 



t r ea tments  were no longer  s i g n i f i c a n t .  The Table 2.--Effects  of  phosphorus f e r t i l i z e r  on 
e f f e c t s  of bedding and d i s k i n g  were no longer  diameter  and volume of s lash  pine at ages 4 
s i g n i f i c a n t  . Bedding and d i s k i n g  had e q u i v a l e n t  through 3.3 (average of  a i l  site preparation 
e f f e c t s  on volume a t  a l l  ages .  t rea tments )  

The phosphorus f e r t i l i z e r  a p p l i e d  d u r i n g  : Average d.b.h. : Total volume ( i , b , )  
s i t e  p r e p a r a t i o n  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  Age : Check : Phosphorus : Check : Phosphorus -- - 
h e i g h t  o f  t h e  t r e e s  by 7 t o  10 p e r c e n t  beginning -- - - -- inches-------- ------ ft3,/acre-------- 
a t  age 4 ( f i g .  2 ) .  Phosphorus had i n c r e a s e d  
t o t a l  h e i g h t  by 0.6 f o o t  a t  age 4 and by 2.5 f e e t  4 1.48aLi  1.59b 44a 
a t  age 10 .  By age  1 3  t h e  d i f f e r e n c e  was 1 . 7  f e e t ,  

52b 

a 5 p e r c e n t  advantage over  t h e  p l o t s  n o t  rece iv-  5 2 . 4 l a  2 -671s L5Pa 194b 
i n g  phosphorus f e r t i l i z e r .  These v a l u e s  were 
averages  o f  a l l  s i t e  p r e p a r a t i o n  t rea tments .  7 3.64a 4.143 498a 681b 
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AGE, YEARS 

Figure  2.--Effect of phosphorus f e r t i l i z e r  a p p l i e d  
1 year  b e f o r e  p l a n t i n g  of  s l a s h  p i n e  on t h e  
h e i g h t  of t h e  p l a n t a t i o n  

Diameter a t  b r e a s t  h e i g h t  and volume were 
a l s o  cons is t e n t l y  increased  by phosphorus ( t a b l e  
2 ) .  The i n c r e a s e  i n  diameter  was s i m i l a r  t o  t h e  
i n c r e a s e  i n  h e i g h t ,  about  7 t o  1 0  p e r c e n t  over  
t h e  u n f e r t i l i z e d  p l o t s .  The i n c r e a s e  i n  bo th  
h e i g h t  and diameter  combined meant t h e  t o t a l  
volume had been increased  by more than 30 p e r c e n t  
a t  ages  7 and 10 .  By age  1 3  t h e  percen t  i n c r e a s e  
had been reduced t o  23 p e r c e n t .  At age 1 3  t h e  
volume a t t r i b u t e d  t o  phosphorus f e r t i l i z a t i o n  was 
34 7 f t 3 l a c r e .  

The l i m e  t rea tment  had no s i g n f i c a n t  d i r e c t  
e f f e c t  on t r e e  growth. Nor d i d  t h e  l i m e  i n t e r a c t  
w i t h  t h e  phosphorus f e r t i l i z e r  on mechanical s i t e  
t rea tments  t o  enhance t h e i r  e f f e c t s .  

L_fPIeans of cormon measurement age and type and 
foilowed 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  (P = 0 - 0 5 ) -  

Fusiform Rus t  I n f e c t i o n  

Rust i n f e c t i o n  in all of the p l o t s  was s e v e r e .  
Of a i l  t r e e s  a l i v e  a t  age 4 ,  abou t  84 percen t  had 
been i n f e c t e d  o r  k i l l e d  by r u s t  a t  age 13 ( f i g ,  3 ) -  
Bedding had i n c r e a s e d  t h e  inc idence  of r u s t  over  
t h e  o t h e r  two s i t e  p r e p a r a t i o n  treatments by 1 2  
percen tage  p o i n t s  a t  age  4 ,  By age 13 the  d i f -  
fe rence  i n  i n f e c t i o n  between bedding and the o t h e r  
two t rea tments  was 7 percen tage  p a i n t s  Fjin5ch was 
s i g n i f i c a n t l y  g r e a t e r  than any other creatEent. 
The phosphorus and l ime t rea tments  d i d  no t  con- 
s i s t e n t l y  a f  f e c t  t h e  inc idence  of fus i fo rm r u s t .  
The percen tage  of  t r e e s  i n f e c t e d  w a s  s i g n i f i c a n t l y  
lower  on the phosphorus- treated p l o t s  a t  age 4 and 
on t h e  l ime- t rea ted  p l o t s  a t  ages 5 and 1 0 ,  These 
d i f f e r e n c e s  i n  r u s t  inc idence  are  not c o n s i s t e n t  
w i t h  t h e  o t h e r  measurement p e r i o d s  and do n o t  
appear  t o  be meaningful. 

By age 13 ,  31  p e r c e n t  of the r r e e s  alive a t  
a g e  4 had d ied .  The r a t c  o f  m o r t a l i t y ,  expressed 
on t h e  b a s i s  of number of t r e e s  a l i v e  at age 4 ,  
inc reased  from 1 .3  p e r c e n t  p e r  year a t  age 5 t o  
4.3 p e r c e n t  p e r  y e a r  a t  ages 10  and 13, Most of 
t h e  m o r t a l i t y  was a s s o c i a t e d  w i t h  stem i n f e c t i o n ,  
None of  t h e  s i t e  preparation o r  f e r t i l i z e r  
t rea tments  a f f e c t e d  m o r t a l i t y  significantly and 
c o n s i s t e n t l y  w i t h  t ime,  



Lrd ( P= 0.06 at 

AGE, YEARS 

F i g u r e  3 .--Effect o f  s i t e  p r e p a r a t i o n  on  percen- 
t a g e  o f  s l a s h  p i n e  main s tems i n f e c t e d  w i t h  
f u s i f o r m  r u s t  g a l l s .  

N u t r i e n t s  i n  F o l i a g e  and S o i l  

The phosphorus f e r t i l i z e r  a l o n e  had increas -  
ed t h e  c o n c e n t r a t i o n  o f  phosphorus i n  t h e  f o l i a g e  
by 22 p e r c e n t  2 y e a r s  a f t e r  p l a n t i n g  and 3 Years 
a f t e r  a p p l i c a t i o n  ( t a b l e  3 ) .  By age 1 0  t h e  
p l o t s  t h a t  had rece ived  phosphorus f e r t i l i z e r  
s t i l l  conta ined  s i g n i f i c a n t l y  more phosphorus i n  
t h e  f o l i a g e  compared t o  t h e  c o n t r o l s .  The added 
l i m e  s i g n i f i c a n t l y  reduced t h e  phosphorus con- 
c e n t r a t i o n  i n  t h e  f o l i a g e  a t  age 2 o r  3 y e a r s  
a f t e r  t r e a t m e n t .  By age  1 0 ,  t h e  l i m e  had no 
e f f e c t  o n  t h e  phosphorus i n  t h e  need les  from p l o t s  
n o t  r e c e i v i n g  phosphorus f e r t i l i z e r .  However, 
t h e  l i m e  s i g n i f i c a n t l y  reduced phosphorus i n  t h e  
f o l i a g e  o f  p l o t s  t r e a t e d  w i t h  b o t h  l ime  and 
phosphorus.  

Table  3.--Concentration of phosphorus and calcium 
i n  s l a s h  need les  2 and 10 y e a r s  a f t e r  p l a n t i n g  

. - . . F e r t i l i z e r  a p p l i e d  . . : Lime and 
Element :Age: None :Phosphorus:Lime :Phosphorus 

-y'- -------------- g/kg ------- -- ------ 

Phosphorus 2 0.85bu 1 . 0 4 ~  0.71a 0.85b 

Calcium 2 1.80a 1.90a 1.89a 1.98a 

L / ~ e a n s  i n  t h e  same row and fol 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  (P = 0.05) .  

Nei ther  l ime  n o r  phosphorus had an effect on 
calcium i n  t h e  f o l i a g e  a t  e i t h e r  sampling t i m e ,  

At age 1 3 ,  t h e  s o i l  i n  p l o t s  fertilized with 
phosphorus s t i l l  con ta ined  s i g n i f i c a n t l y  more acid 
e x t r a c t a b l e  phosphorus ( t a b l e  4 ) .  me L i m e  t r e a t -  
ment d i d  n o t  a f f e c t  t h e  a v a i l a b l e  phosphorus i n  the 
s o i l .  

Table 4.--Concentration of phosphorus and ca lc ium 
i n  t h e  s o i l  and s o i l  pH 1 3  y e a r s  a f t e r  p l a n t i n g  

e a s ~ ~ r e m e n t  : : Lime and 
and u n i t s  : None :Phosphorus: Lime:Phosphorus 

Mehlich 1 P ,  
mglkg 1 . 3 a l l  2.513 1 . 5 a  2.3b 

Exchangeable 
Ca, meqll.00 g 0.60a 0.62a 0.66a l , 0 0 b  

PH 4 .  l l a  4 , l 5 &  4 , 2 J c  4 , 2 9 c  

l / ~ e a n s  i n  t h e  same row and followed by the  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  (P = 0.05) 

The l ime  t rea tment  had no e f fec t  on exchange- 
a b l e  calcium i n  t h e  s o i l  1 3  years after a p p l i c a -  
t i o n  u n l e s s  phosphorus f e r t i l i z e r  was a l s o  a p p l i e d ,  
However, t h e  l ime  t rea tment  increased  s o i l  pH by 
a s m a l l  b u 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  amount, 
independent  of t h e  phosphorus t r e a t m e n t ,  

DISCUSSION 

The s e v e r e  inc idence  of  fusiforrn r u s t  i n  t h e  
s t a n d  prec ludes  growing s u s c e p t i b l e  s l a s h  p i n e  on 
t h e  s i t e  under any l e v e l  of  c u l t u r e ,  The percen- 
t a g e  o f  main s t e m  i n f e c t i o n  wi thout  fertilizer o r  
mechanical s i t e  p r e p a r a t i o n  w a s  81  p e r c e n t  a t  
age  1 3 .  While bedding caused a smll  increase i n  
i n f e c t i o n ,  t h e  i n h e r e n t  Level s f  i n f e c t i o n  is  too 
high  t o  make t h i s  a r e a l i s t i c  d i f f e r e n c e .  Bow- 
e v e r ,  because r u s t  o f t e n  does n o t  s i g n i f i c a n t l y  
a f f e c t  t r e e  growth u n t i l  s tem breakage o c c u r s  
(Jones 2972, Nance e t  a l ,  L981), the growth data 
presen ted  h e r e  should s t i l l  be valid f o r  compari- 
son  purposes.  

The s l a s h  p i n e  grew t a l l e s t  on t he  bedded 
p l o t s  i n  t h e  e a r l y  measurement periods, But a f t e r  
age L O ,  t h e  bedding t rea tment  was nor improvLng 
growth, I n  o t h e r  s t u d i e s  where similar s o i l s  
were bedded (Gain 1978, Haywood L988), t h e  ear ly  
g a i n  i n  growth was maintained but becane insigni- 
f i c a n t  a s  t h e  s t a n d  i n c r e a s e d  i n  s i z e ,  Also,  i n  
t h e  p r e s e n t  s t u d y  t h e  d i f f i c u l t y  i n  measuring a 
smal l  response  i n  growth was confounded by a 
l a r g e  m o r t a l i t y  i n  l a t e r  y e a r s ,  For example, the 
average  diameter  of trees which d ied  between the 



ages of  LO and 13  w a s  4 .4  and 4.0 inches  f o r  t h e  
bedded and check p l o t s ,  r e s p e c t i v e l y .  This  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  s i z e  o f  t r e e s  which d i e d  
was caused mainly by random s t e m  breakage a t  
fus i fo rm g a l l  s i t e s ,  caus ing  g r e a t e s t  volume 
l o s s e s  i n  p l o t s  w i t h  t h e  l a r g e s t  t r e e s .  

The f l a t  d i s k i n g  a l s o  caused a growth response 
from ages 4 through 1 0 ,  ' I f i i le  f l a t  d i s k i n g  i s  
u s u a l l y  c r e d i t e d  w i t h  weed c o n t r o l  (E-lapood 1980,  
P r i t c h e t t  l979), i t  is  d i f f i c u l t  t o  r e l a t e  t h e  
delayed response i n  t h i s  s tudy  t o  l e s s  compet i t ion .  
Perhaps bo th  bedding and f l a t  d i s k i n g  had a n  
a m e l i o r a t i n g  e f f e c t  on s o i l  p h y s i c a l  p r o p e r t i e s  
t h a t  enhanced growth from t h e  time t h e  t r e e s  had 
overtopped t h e  compet i t ion  u n t i l  the  p i n e s  had 
occupied the s i t e .  Fur ther  r e s e a r c h  i s  needed i n  
t h i s  a r e a .  

The phosphorus f e r t i l i z e r  caused a s i g n i f i -  
c a n t  and prolonged growth response a f t e r  age  3.  
The response was probably delayed by g r a s s  and 
o t h e r  herbaceous compet i t ion .  Much o f  t h e  a p p l i e d  
phosphorus was r e t a i n e d  on the  s i t e  through age 
1 3  as evidenced by t h e  long-term growth response ,  
increased  a v a i l a b l e  phosphorus i n  t h e  s o i l ,  and 
increased  phosphorus c o n c e n t r a t i o n  i n  t h e  f o l i a g e .  
However, 14 y e a r s  a f t e r  phosphorus f e r t i l i z a t i o n  
t h e  s o i l  a v a i l a b l e  P i s  below t h e  c r i t i c a l  l i m i t s  
s e t  by P r i t c h e t t  and Cooding (1975) o f  4 t o  6 ppm. 
Another phosphorus a p p l i c a t i o n  would probably be  
r e q u i r e d  a t  age 1 0  f o r  maxirnum produc t ion .  Be- 
cause t h e  phosphorus was a p p l i e d  b e f o r e  s i t e  
p r e p a r a t i o n ,  t h e  phosphorus on t h e  bedded and 
f l a t  d i sked  p l o t s  was i n c o r p o r a t e d ,  w h i l e  i t  was 
o n l y  s u r f a c e  app l ied  on  t h e  check p l o t s .  The 
l a c k  of i n t e r a c t i o n  between phosphorus and s i t e  
p r e p a r a t i o n  sugges t s  t h a t  s u r f a c e  a p p l i c a t i o n  of 
P i s  s u f f i c i e n t  on t h e s e  s o i l s .  

Langdon and Natche l l  (1976) r e p o r t e d  t h a t  
s l a s h  p i n e  d i d  respond t o  l i m i n g  when f e r t i l i z e d  
w i t h  phosphorus as w e l l ,  The i r  s o i l s  o r i g i n a l l y  
con ta ined  from 0.2 t o  1 .S meq/lOO g of  exchange- 
a b l e  calcium compared t o  about 0.6 meq/lOO g i n  
t h e  p r e s e n t  s tudy  . Thus, t h e  l a c k  of  response t o  
l ime  cannot  be a t t r i b u t e d  t o  a h i g h e r  calcium 
c o n t e n t  i n  t h e  s o i l .  Other f a c t o r s  such a s  pH, 
s t a n d  age ,  o r  t h e  a v a i l a b i l i t y  o f  m i c r o n u t r i e n t s  
probably caused t h e  d i f f e r e n c e  i n  response between 
t h e i r  s tudy  and the  p r e s e n t  one. 

P r i t c h e t t  (1979) r e p o r t e d  t h a t  by age 8, 
bedding and phos horus f e r t i l i z e r  had i n c r e a s e d  3 volume by 688 f t  / a c r e  on a s i c e  t h a t  produced 
only 23  f t 3 / a c r e  wi thout  any t rea tment  which is 
a very  good r e l a t i v e  i n c r e a s e .  However, on t h e  
b e t t e r  s i te be ing  repor ted  on h e r e ,  t h e  check p l o t  
average i n t e r p o l a t e d  t o  age 8 was about 802 of  t h e  
b e s t  volume produc t ion  r e p o r t e d  by P r i t c h e t t  
(1979). Phosphorus f e r t i l i z a t i o n  and beddin a t  !!i age 8 had increased  volume by another  360 f t  / a c r e .  
And t h e  i n c r e a s e  was i n  a f u l l y  s tocked  s t a n d  where 
t rea tments  d i d  n o t  a f f e c t  s u r v i v a l ,  

The l a n d  manager can u s e  c u l t u r a l  p r a c t i c e s  
to  s u b s t a n t i a l l y  improve produc t ion  of both t h e  
very  poor s i t e s  and good s i t e s  t h a t  a r e  respons ive  
t o  t h e  i n p u t s .  On t h i s  nclderately w e l l  d ra ined  
s i te ,  bedding would n o t  be a recornended p r a c t i c e ,  
Phosphorus f e r t i l i z e r  h a s  increased  volume pro- 
d u c t i o n  s u f f i c i e n t l y  t o  make an economic a n a l y s l s  
worthwhile .  Such an a n a l y s i s  must  inc lude  s p e c i f i c  
Land managing concerns such a s  the value of concen- 
t r a t i n g  wood produc t ion  on a s m a l l e r  acreage and 
t h e  r i s k  of  t r e a t i n g  unresponsive s i t e s  a s  w e l l  
a s  t h e  c o n s t a n t l y  changing c o s t s  of f e r t i l i z e r  
and t h e  p r i c e  of t imber ,  Therefore ,  a genera l ized  
recornenda t ion  f o r  phosphorus f e r t i l i z e r  on s i m i -  
l a r  s i t e s  is n o t  p o s s i b l e .  But us ing  t h e  c o s t  o f  
phosphorus f e r t i l i z e r  i n  1967 and 1982 pulpwood 
p r i c e s  t h e  f e r t i l i z a t i o n  made a good r e t u r n .  

LITEliATUaE CITED 

Cain, Michael D.  
1978. P l a n t e d  l o b l o l l y  and s l a s h  p ine  response 

t o  bedding and f l a t  d i s k i n g  on a poorly 
d ra ined  s i t e  - a n  update .  U.S.  Dep. Agric . ,  
F o r e s t  S e r v . ,  Res. Note SO-237, 6 p. South. 
For ,  Exp. S t n . ,  New Orleans,  LA, 

F a r r a r ,  R.  M , ,  Jr .  
1973. Southern p i n e  s i t e  index equa t ions .  

J. For. 71: 696-697. 

Naywood, James D, 
1980. P lan ted  p ines  do n o t  respond to  bedding 

on an Acadia-Beauregard-Kolin s i l t  loam 
s i t e .  U,S. Dep, A g r i c , ,  For ,  Serv. ,  R e s .  
Note 50-259, 4 p .  South. For-  Exp. S t n , ,  
New Orleans , LA. 

Jones,  E a r l e  P .  , 3r. 
1972. Fusiform r u s t  a f f e c t s  p lan ted  s l a s h  

p i n e .  J. For. 70: 350-352, 

Langdon, 0 .  Gordon, and Clyndon E. Watchel l ,  
1976. P e r f o r m n c e  of  l o b l o l l y ,  s l a s h ,  and pond 

p ines  on a poorly d ra ined  s i t e  w i t h  f e r t i l i -  
z a t i o n  a t  ages 11 and 1 4 ,  p. 121-126. I n :  
W .  E. Balmer, e d ,  Proc. S i x t h  Southern  zest 
S o i l s  Workshop, USDA For .  Serv ,  Southeas t ,  
Area S t a t e  and P r i v a t e  F o r e s t r y ,  Char les ton ,  
SC. 

Nelson, W ,  L , ,  A, Xehlich and E .  Winters .  
1953, The development, e v a l u a t i o n  and use  of 

s o i l  t e s t s  f o r  phosphorus a v a i l a b i l i t y ,  p . 
153-188, In: W. K ,  P i e r r e  and A ,  C, Norman, 
e d ,  , S o i l  -nd f e r t i l i z e r  Phosphorus. VoL.  I V  
Agronomy S e r i e s  of Pbnographs , Academic 
P r e s s ,  Lnc , , N .Y. 



Nance , Warren L. , Ronald C. Froelich , and Eugene 
Shoulders  . 

1981. E f f ec t s  of  fusiform r u s t  on su rv iva l  and 
s t r u c t u r e  of Miss iss ippi  and Louisiana s l a s h  
pine p l an t a t i ons .  U.S. Dep. Agric., For. 
Serv., Res. Pap. SO-172, 11 p. South. For. 
Exp. S tn . ,  New Orleans, LA. 

P r i t c h e t t ,  W. L. 
1979. S i t e  prepara t ion  and f e r t i l i z a t i o n  of  

s l a s h  pine on a wet Savanna s o i l .  South. J. 
Appl . For. 3 : 86-90. 

P r i t c h e t t ,  W. L. and J. W. Gooding. 
1975. F e r t i l i z e r  recommendations f o r  p ines  

i n  t h e  southeastern c o a s t a l  p l a i n  of t he  
United Sta tes .  Fla.  Agric. Exp. Stn. Bull .  
774, 2 3  p. Univ. of  F lor ida ,  Gainesvi l le ,  FL. 

Schmitt,  D. and D. Bower. 
1970. Volume t ab l e s  f o r  young l o b l o l l y  , 

s l a s h ,  and longleaf  pines i n  p l a n t a t i o n s  i n  
south Miss iss ippi .  U.S. Dep. Agric.,  For. 
Serv. Res. Note SO-102, 6 p. South, For. 
Exp. Stn. ,  New Orleans, LA. 

U .S . Department of  Agr icul ture ,  Forest  Serv ice .  
1976. Volume, y i e l d ,  and s tand t a b l e s  f o r  

second-growth southern pines.  U .S . Dep. 
Agric. Misc. Pub. 50 ( r ev i s ion  of 1929 e d i t i o n ) ,  
202 p . , Washington, DC. 

Wells, Carol G., D. M. Crutchf ie ld ,  N. M. Berenyi, 
and C. B. Davey. 

1973. S o i l  and f o l i a r  guide l ines  f o r  phosphorus 
f e r t i l i z a t i o n  of  l o b l o l l y  pine.  U.S.Dep. 
Agric.,  For. Serv. Res. Pap. SE-110, 1 5  p. ,  
Southeast .  For. Exp. Stn. ,  Ashevil le ,  NC, 



ION EFFECTS ON EARLY LOBLOLLY PINE GROWH, 

I / W W D  COWETITION, AND SOIL PHYSICAL PROPERTIES - 
'2 / James N, DeWit and Thomas A. Terry- 

Abstract.--Height, diameter, and volume growth ranking 
of eight-yezr-old loblolly pine by site preparation method on 
Wilcox and Falkner soils in Kemper County, Miss., was as 
follows: shear-pile-bed > shear-pile > tree-crushed; 
hardwood basal area followed an exact opposite trend by site 
preparation method. Total hardwood plus pine basal area 
remained fairly constant among treatments; as hardwood basal 
area decreased pine basal area increased. Soil bulk density 
was greatest on shear-pile plots and soil macropore space was 
greatest on bedded plots, Hardwood competition and soil 
physical properties appeared to be limiting pine growth on 
the study site. 

INTRODUCTION 

The purpose of site preparation is to 
favorably modify the site for planting by 
reducing the level of logging residuals and 
competing vegetation and occasionally to 
ameliorate soil conditions. The choice of 
treatments to use to accomplish these objectives 
should be partially determined by the amount of 
residual vegetation and logging debris present, 
soil physical properties, and soil moisture 
conditions. Therefore, the critical step in 
treatment prescriptions is to identify those 
variables that are most limiting seedling 
survival and growth on a particular site. 

One site preparation method which has been 
developed in the South to insure survival and 
enhance tree growth on wet sites is bedding. 
Survival trends on bedded versus flat-planted 
sites are inconsistent. Some researchers have 
found little to no advantage to bedding over 
flat-planting except on very poorly drained soils 
( ~ e ~ i n n  1969, Terry 1978, Derr and Mann 1977). 
Bedding has been demonstrated to increase 
survival by 10 percent (~erry and Hughes 1975) to 
40 percent (~erry 1978) on very poorly drained 
soils but decreased survival by 10 percent to 20 
percent on soils with sandy surface horizons and 
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4-5, 1982, 
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heavy root mats or on unsettled beds (~erry and 
Hughes 1975). The sandy surface and excessive 
vegetative debris can dry very quickly causing a 
newly planted tree to go into drought stress 
unless frequent rainfall occurs. 

Numerous investigators have reported 
substantial gains in early growth of loblolly 
(pinus taeda L.) and slash pine (pinus elliottii 
var. elliottii Englem.) from bedding on wet sites 
(~aker 1973, Derr and Mann 1977, Nann and 
McGilvray 1974, McMinn 1969, and Terry 1978). 
However, height growth responses are quite 
variable by region and soil type (table 1). 
Bedding can provide long term growth advantages 
over alternative site preparation techniques on 
medium-to-fine textured soils in the Lower 
Coastal Plain where high winter and spring water 
tables can limit growth, summer droughts are 
infrequent, and soil physical properties are 
altered by tillage treatments. Pine growth 
response to bedding appears to be less than that 
obtained in the Lower Atlantic Coastal Plain on 
similar medium-to-fine textured soils in the Gulf 
Coastal Plain where summer droughts are frequent 
and chronically high water tables do not exist, 

This early growth response to bedding has 
been attributed to numerous soil physical and 
chemical factors. The most important factor on 
poorly and very poorly drained sites probably is 
the improvement in soil drainage associated with 
the elevated microsite (McRee and Shoulders 1974, 
Terry and Hughes 1975). Also, the tillage action 
that occurs during bed construction increases 
macropore space and decreases bulk density (~erry 
1978). Bedding also concentrates nutrients on a 
site by pulling the nutrient rich surface soil 
from the furrowed strips onto the beds 



Table I. P i n e  plantation height growth conrparisons among s i t e  preparation methods on various wet s i t e s .  
- 

Geographic Soil-Site Planta t ion Single-Bed Height X 
Location Description Species b e  Comparison with Advantage ( t a )  Increase Refereace 

Florida Lakeland Slash Pine 6 Chopping 0.4 17 Baker (1973) 
Sandhills Series 

Florida, Plunrtaer 
Lower Series 
Coastal p l a i n  

Slash Pine 8 Bum Only 

South F l o r i d a  Acid Soi ls  Slash Pine 5 No Treatment 0.8 34 Mdinn (1969) 

Northwest P lunxner 
Florida Series 

Slash Pine 17 Undrained, 
35 Unbedded 

N. Carolina Leaf, Lenior Loblolly 7 K-G plus 
Lower Coas t a l  Pine rootrake 
Pla in  

Wilhi te  & Jones 
(1981) 

1.4 60 Terry (1978) 

Bladen, Loblolly 3 K-G plus 0.02-0.7 over 4-86 over Terry & Hughes 
Leaf, Lenior, Pine rootrake four locat ions  four locations (1975) 
Rains, Clnslou, 
Lynchburg Ser ies  

Bladen Loblolly 18 K-G plus 
Pine rootrake 

S. Carolina Sandy loam Loblolly 7 K-G only 
Lower Coasta l  over sandy Pine 
Pla in  c lay 

Alabama Wilcox Ser ies  Loblolly 10 Shear & Bum 0.9 
In t e r io r  pxne 
Flatwoods 

Mississippi Atmore Ser ies  Loblolly 5 No Treatment 0.8 
Coastal Pine 
Flatwoods 

Hughes e t  a l .  
(1979) 

Westvaco Res. 
Rep. No. 66 
( 1973) Unpbl . 
h e r .  Can Rep. 
US-35 (1980) 
Unpbl. 

Haines & Haines 
(1977) 

Central Beauregard, Loblolly 5 No Treatment 0.3-0.5 over 12-35 over Derr & Mann 
Louisiana Wrightsville,  Pine four locations four locations (1977) 

Caddo Ser ies  
10 No Treatment 0.4-1.0 over 7-23 over 

four locations four locations 

(~chultz 19761, thereby making a relatively large 
nutrient pool available to the planted seedlings 
(~aines and Pritchett 1965). This improved soil 
environment should favor rapid root development 
(Haines and Haines 1977). 

Wet sites characteristically have a large 
component of understory and hardwood vegetation. 
Levels of competing vegetation have not been 
quantified in most bedding studies. Control of 
competing vegetation during the site preparation 
operation has a positive effect on growth of 
pine. Cain and Mann (1980) found that on sites 
where hardwoods were controlled loblolly pine 
volume at age six was 49 percent higher than on 
untreated areas. They concluded that even though 
site preparation by chopping allowed 
establishent of pine, growth was not maximized 
because of competition from woody and herbaceous 
vegetation. Stransky (1981) reported that 
survival, height and diameter growth of loblolly 
pine was poorest on those sites having the 
greatest densities of overtopping hardwoods; 
these sites had received little site preparation. 
Many other investigators have found that 
increases in site preparation intensity decrease 

the amount of competing vegetation in the 
subsequent pine stand (~aines and Pritchett 1965, 
Schultz and Wilhite 1974, Schultz 1976). 

While some site preparation practices may 
actually ameliorate the soil, there is increasing 
concern that certain intensive site preparation 
operations can negatively modify the soil 
environment by increasing bulk density and 
decreasing macropore volume. Stransky (1981) 
found that soil bulk density increased with 
increasing intensities of site preparation 
(table 2 ) ,  and there was little perceptable 
recovery of the compacted soils over a three-year 
period. 

Wet, fine-textured soils often receive 
shear-pile treatments to facilitate subsequent 
bedding operations. These sites are easily 
compacted and normally have a narrow time range 
in which they can be worked with little damage 
(~erry and Hughes 1975). Shearing and piling 
operations are potentially the most damaging to 
soil physical properties because the entire site 
being treated is traversed by heavy equipment 
(~erry 1979). 



Table 2. S o i l  bulk d e n s i t i e s  by s i t e  p repara t ion  
t reatment  and year  from treatment  ( s t r an sky  
1981). 

S i t e  Prepara t ion  Treatment 
KG- 

Year Control  Burn Chop Shear --------- Bulk Densi ty gms/cc ---------- 

* A l l  va lues  i n  row followed by 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  the  5% l eve l .  

L i t t l e  q u a n t i t a t i v e  in format ion  e x i s t s  
r e l a t i n g  growth performance t o  both s o i l  phys ica l  
p r o p e r t i e s  and hardwood competi t ion a s  a f f e c t e d  
by s i t e  p repara t ion  methods, The o b j e c t i v e s  of 
t h i s  paper  a r e  ( 1 )  t o  examine and i n t e r p r e t  t h e  
growth performance of  l o b l o l l y  pine a s  r e l a t e d  t o  
s o i l  pore space d i s t r i b u t i o n  and bulk dens i t y  and 
brush competi t ion ac ro s s  t h r e e  d i f f e r e n t  s i t e  
p r e pa ra t i on  t reatments  i n  t h e  I n t e r i o r  Flatwoods 
of Mi s s i s s i pp i  and ( 2 )  t o  compare s o i l  phys ica l  
p r o p e r t i e s  under n a t u r a l  l o b l o l l y  p ine  s tands  t o  
t h a t  on i n t ens ive ly  s i te -prepared  land. 

The s tudy  des ign  i s  a randomized b lock  w i th  
fou r  r e p l i c a t i o n s .  The measurement p l o t s  ranged 
i n  s i z e  from 15.0 m,  s i x  rows, wide by 
approximately 50 m i n  length  i n  Block I and 
7.5 m, t h r e e  rows, wide by approximately 50 m i n  
length  i n  t h e  remaining blocks. 

Height growth on a l l  t r e e s  was measured a t  
t h e  end of one, two, t h r e e ,  f i v e ,  and e i g h t  yea r s  
i n  t h e  f i e l d .  Diameter a t  1.37 m, DBH, was 
measured a t  t h e  end of e i g h t  years  i n  t h e  f i e l d .  
To t a l  wood volume ( i n s i d e  bark)  was then 
ca l cu l a t ed  us ing  equa t ion  C11 (Schmidt and Bower 
1970) f o r  t r e e s  wi th  both diameter  and he igh t  
measurements and equa t ion  C21 ( ~ o r t h  Caro l ina  
S t a t e  Fores t  F e r t i l i z a t i o n  Cooperative, 1975) f o r  
t r e e s  wi th  only he igh t  measurements: 

Where: V = Tota l  volume (m3) i n s ide  bark 

DBH = Tree diameter  (cm) a t  1.37 m above 
s o i l  su r f ace  

H = Tree he ight  (m) 

Data f o r  t h i s  i n v e s t i g a t i o n  were obtained 
from e x i s t i n g  research  p l o t s  loca ted  i n  t h e  
I n t e r i o r  Flatwoods of Kemper County, Mi s s i s s i pp i .  
This  resource  a rea  i s  under la in  by a depos i t  of 
gray,  a c i d  sha l e ,  known a s  the  P o r t e r ' s  Creek 
formation,  which i s  r e l a t i v e l y  impervious t o  
watar movement. Consequently, many of the  s o i l s  
become waterlogged f o r  long per iods  i n  t h e  win te r  
and sp r i ng  months. The s o i l s  represen ted  i n  t h i s  
s tudy a r e  f ine- tex tured ,  somewhat poorly dra ined ,  
and o f  t he  Falkner ( f i n e - s i l  t y ,  s i l i c e o u s ,  
thermic Aquic Pa leuda l f )  and Wilcox ( f i n e ,  
montmor i l lon i t ic ,  thermic Ve r t i c  ~ a p l u d a l f )  
s e r i e s .  While both s o i l s  a r e  c l a s s i f i e d  a s  being 
somewhat poorly dra ined ,  the  Wilcox s e r i e s  has 
poorer  i n t e r n a l  d ra inage  than t he  Falkner  due t o  
i t s  c layey  sur face  t ex tu r e .  The s tudy  s i t e  i s  on 
an upper s lope  p o s i t i o n  wi th  a two t o  t h r e e  
percent  s l ope  which a i d s  i n  dra inage  of excess 
su r f a c e  water. 

The experiment was i n s t a l l e d  t o  determine 
t h e  response of  p lan ted  l o b l o l l y  p ine  t o  
d i f f e r e n t  s i t e  p repara t ion  techniques.  The 
t rea tments  were: 

1. Tree-crushed (TC) with  a Letourneau 
"tree-crusher" 

2. K-G sheared and rootraked-pi led (SP) 

3. K-G sheared,  rootraked-pi led,  
and bedded (SPB) 

At the  eight-year  measurement, ba sa l  a r e a  
pe r  hec t a r e ,  he igh t  of t h e  t a l l e s t  500 t r e e s  per  
hec t a r e ,  percent  su rv iva l ,  and incidence of 
fusiform r u s t  (Cronartium quercum f .  sp ,  
fusiforme) a l s o  were determined. 

S o i l  bulk dens i t y  and pore space 
d i s t r i b u t i o n  were determined from undisturbed 
cores  c o l l e c t e d  wi th  a 7.6 cm diameter  double 
r i n g ,  hammer-driven, core  sampler  lake 1965) 
f i g .  1 Ten sampling po in t s  were randomly 
loca ted  w i th in  each measurement p lo t  wi th  one 
co re  taken  a t  each sampling po in t  i n  t h e  0-7.6 cm 
depth. Pore space d i s t r i b u t i o n  was determined 
us ing  methods described by Cassel  (1974). 

Bed height 
I &a4 furrow 

Figure I. Bed c ross -see t ion  and sample l o c a t i o n s .  

Organic mat te r  conten t  was determined by 
Mis s i s s i pp i  S t a t e  Extension Serv ice  S o i l  Tes t i ng  
Lab us ing  a modified co lo r ime t r i c  method ( ~ e ~ o l t  
1974). 



Data for  the competition evalua t ion  were 
taken  w i t h i n  twenty, 8.54 x 10-4 hec tare ,  c i r c u l a r  
subplo ts  located randomly wi th in  the  measurement 
p l o t s  of  each treatment. A l l  woody and p i thy  
stemmed pe renn ia l s ,  he rea f t e r  r e f e r r ed  t o  a s  
brush competi t ion,  were t a l l i e d  by spec ies  and 
ca t ego r i zed  i n t o  2 cm diameter c l a s se s  wi th in  two 
r e l a t i v e  height  c lasses .  The two height  c l a s se s  
cons i s t ed  of stems which were l e s s  than one-half 
t h e  average  dominant/co-dominant pine height  and 
t k s s e  which were equal t o  o r  g rea t e r  than t h i s  
he ight  (Te r ry  and Breedlove 1982). Total  brush 
compet i t ion  basal  a rea  per hec tare  was then 
c a l c u l a t e d  fo r  each diameter-height c l a s s .  

One way analys is  of  variance procedures were 
used t o  determine i f  s i g n i f i c a n t  d i f ferences  
ex i s t ed  among treatments with regard t o  pine 
growth, s t and  dens i ty ,  fusiform r u s t  incidence, 
s o i l  phys i ca l  p rope r t i e s ,  and hardwood 
compet i t ion .  A 0.05 F-test  was used f o r  t e s t i n g  
ove ra l l  t reatment d i f ferences .  Duncan's New 
Mul t ip le  Range t e s t  was subsequently used t o  
evalua te  d i f f e r ences  among treatment means when 
ove ra l l  t reatment d i f f e r ences  were s ign i f i can t .  

I n  o r d e r  t o  ob ta in  base-line da t a  on he ight  
growth and  physical  p rope r t i e s  on a r e l a t i v e l y  
undisturbed Wilcox s o i l ,  two na tu ra l  l o b l o l l y  
pine s t a n d s ,  ages 46 and 43, were studied near 
t he  study area.  Two dominant sample t r e e s  t h a t  
had been f r e e  t o  grow from an e a r l y  age a s  
determined by increment boring were se lec ted  
wi th in  a 0,04 hec tare  c i r e u l a r  p lo t  a t  each 
s i t e .  Se lec ted  t r e e s  were then f e l l e d  and annual 
height  growth was determined on each t r e e  using 
stem ana lys i s .  So i l  phys ica l  p rope r t i e s  were 
determined with t he  same procedures used on the  
s i te -prepared  p lo ts .  Although the n a t u r a l  s tand 
he ight  growth and s o i l s  da t a  cannot be 
s t a t i s t i c a l l y  compared t o  the  s i t e  preparat ion 
study d a t a ,  they provide use fu l  po in t s  of 
re ference  . 

RESULTS AND DISCUSSION 

Stand Cha rac t e r i s t i c s  

S ign i f i can t  su rv iva l  and s tocking  
d i f f e r e n c e s  were not observed across  t he  t h ree  
t rea tments ,  The topographic pos i t i ons  where t h i s  
study i s  l oca t ed ,  an upper s lope  pos i t i on  with a 
gen t l e  grade ,  i s  conducive t o  drainage of excess 
su r f ace  water  which i s  b e n e f i c i a l  f o r  seedl ing  
surv iva l .  

 valuation of the he ight  growth d i f ferences  
among t r e e  crush (TC),  sheared and p i led  (sP), 
and sheared-piled and bedded (SPB) treatments 
showed s i g n i f i c a n t  pine growth responses t o  both 
shear ing-pi l ing  and the bedding treatments 
( t a b l e  3 ) .  Average pine he ights  on the  bedded 
s i t e s  were 1 m o r  20 percent  g rea t e r  than on the  
crushed s i t e s  and 0.4 m or  7 percent  g r e a t e r  than 
on the sheared and p i l e d  treatment.  Height of 
t he  t a l l e s t  500 t r e e s  per  hec t a r e  showed s imi l a r  

t rends  with t r e e s  on the  SPB p lo t s  being t a l l e r  
than the  TC and SP p l o t s  by 16 percent and 5 
percent ,  respect ive ly .  

Table 3. Loblolly pine stand characteristics at plantation age 
eight years by site preparation treatment - Kemper Go., Miss., 
site preparation trial. 

Variable 
Site Preparation Treatment 

Tree-Crush Shear-Pile Shear-Pile-Bed 
- 

Average  eight (m) 5 4.9 a * 5.5 b 5.9 c 
(Sx) (0.3) (0.2) (0.2) 

Dominant Height (m) 5.8 a 6.4 b 6.7 b 
(0.4) (0.2) (0.2) 

DBH (cm) 

Vol. (m3/ha) 

Survival (XI 

Incidence of 14.9 a 25.8 b 34.0 c 
Bole Cankers (%) (1.9) (3.2) (3.8) 

* Means with the same letter are not significantly different at 
the 0.05 risk level. 

The growth advantages exhib i ted  by the  
bedded p l o t s  were evident  a t  an e a r l y  age 
( f i g .  2). Height growth d i f ferences  between 
treatments s t i l l  appear t o  be increas ing  a f t e r  
e igh t  years.  Height growth increments i n  t he  age 
f i v e  t o  eight-year period were 3.7, 3.6, and 
3.1 m f o r  t he  SPB, SP, and TC treatments,  
respect ive ly .  The height  growth increment i n  t h e  
na tu ra l  s tands  f o r  t he  same period was 3.3 m; 
these  t r e e s  were growing a t  near ly  t he  same r a t e  
a s  those on the  tree-crushed p lo ts .  

Whether t he  bedded s i t e s  w i l l  continue t o  
express a he ight  growth r a t e  advantage over 
f la t -p lanted  s i t e s  on these  s o i l s  w i l l  be 
answered i n  time. Wilh i te  and Jones (1981) found 
the  he ight  growth advantage of a  bedded s l a s h  
pine p l an t a t i on  t o  dec l ine  from 3.3 m t o  1.7 m 
f o r  ages 17 t o  35, respectively, when compared t o  
t r e e s  on f la t -p lanted  s i t e s .  Other researchers  
have observed t h i s  dec l ine  a t  e a r l i e r  ages ,  e.g., 
he ight  advantages were disappearing between the  
f i f t h  and ten th  years  f o r  s l a s h  pine i n  south  
F lo r ida  ( ~ e n n a r t z  and McMinn 1973). However, on 
poorly drained f ine-textured s o i l s  i n  t h e  N. C. 
Lower Coastal  P la in ,  e a r l y  pine height  growth 
response gains appear t o  be maintained a t  l e a s t  
through age 18 ( ~ u g h e s  e t  a l .  1979). 

Average pine diameters were 6.7 cm, 7.9 cm, 
and 9.0 cm f o r  TC, SP, SPB treatments,  
respect ive ly  ( t a b l e  3) .  Pine basa l  a rea  on 
bedded p l o t s  was twice t h a t  on TC p lo t s  bu t  not  
s i g n i f i c a n t l y  d i f f e r e n t  from the  SP treatment.  



the d i f f e r ences  we found l i k e l y  resul ted  from the  
harves t  and s i t e  preparat ion treatments. 

Age (from seed) 

Figure 2. L o b l ~ l l y  pine average tree height a s  a function of 
age for  shear-pile-bed (SPB), shear-pile (SP), and tree- 
crushed (TC) s i t e  prepared plots  and adjacent natural stands 
(NS). S i t e  prepared areas are on Falkner and Wilcox s o i l s  
and the natural stand i s  on a Wilcox s o i l ,  Kemper Co., Miss, 

The bedding treatment produced the  l a r g e s t  
t o t a l  wood volume a f t e r  e igh t  years i n  the 
f i e l d .  Tota l  pine volume on the  bedded p l o t s  i s  
cu r r en t ly  118 percent g rea t e r  than t h a t  on the TC 
p l o t s  and 24 percent g r e a t e r  than on the  SP 
treatment ( t a b l e  3 ) .  

I t  has been reported t h a t  by increas ing  the 
e a r l y  growth r a t e  of pine, t he  proport ion of 
t r e e s  infec ted  with fusiform r u s t  can increase  
s u b s t a n t i a l l y  (Derr and Mann 1977). That 
observation a l s o  i s  supported by the r e s u l t s  of 
t h i s  study; 34 percent  of t he  t r e e s  on the  SPB 
treatment have stem cankers, while only 26 
percent  and 15 percent  of t he  t r e e s  were i n fec t ed  
on the  SP and TC p l o t s ,  respect ive ly .  Most of 
t he  i n fec t ed  t r e e s  could be removed during the  
f i r s t  commercial pulpwood thinning.  Because of 
t he  growth advantage on the  bedded s i t e ,  t he  
f i r s t  thinning would occur e a r l i e r  than on the 
o ther  t reatments and, except f o r  some poss ib le  
e a r l y  mor t a l i t y ,  the ac tua l  pine volume and value 
l o s s  associa ted  with t he  r e l a t i v e l y  high r u s t  
i n f ec t ion  l eve l  on the  bedded p l o t s  may not  be 
too g rea t .  Future monitoring of t h i s  study w i l l  
i d e n t i f y  any lo s se s  i n  merchantable pine volume 
associa ted  with r u s t  i n f ec t ion .  

Soi l  Physical  P rope r t i e s  

S o i l  physical  p rope r t i e s  were not  monitored 
before the  harvest  operat ion o r  immediately a f t e r  
t he  s i t e  preparat ion treatments;  such da t a  would 
have defined the e f f e c t s  of logging and s i t e  
prepara t ion  on s o i l  physical  proper t ies .  Others, 
however, have found harves t ing  and s i t e  
prepara t ion  treatment e f f e c t s  t o  be long l a s t i n g  
( ~ e r r y  1978, Switzer e t  a l .  1978); therefore ,  

Shearing and p i l i n g  increased sur face  s o i l  
bulk dens i ty  values by 7 percent  over TC p l o t s  
( t a b l e  4) .  This increase  was probably caused by 
the  increased contac t  of t he  shear and rake 
t r a c t o r s  with bare mineral s o i l  and some top  s o i l  
removal during the p i l i n g  operat ion.  Bedding 
a f t e r  the  SP operat ion reduced s o i l  bulk dens i ty .  
The bulk dens i ty  value on t he  SB p lo t s  probably 
represents  a s o i l  physical  condit ion which does 
l i m i t  growch somewhat. F o i l  and Ralston (1967) 
reported a study which demonstrated a trend of 
reduced seedl ing  growth a s  s o i l  bulk dens i ty  
increased from 1.0 t o  1.4 glee. The increased 
s o i l  bulk dens i ty  on the  SP p l o t s  probably 
represents  "moderate" s o i l  damage i f  a  bulk 
dens i ty  of 1.4 gfcc  i s  considered t o  be severe  
compaction on a f ine-textured s o i l ,  

Table 4. Soil  physical properties by treatment - Kemper Co., 
Miss., s i t e  preparation t r i a l .  

Bulk Density ; 1.19 a * 1.27 b 1.16 a / 1.07 
(g/cc) (s;) (0.02) (0.03) (0.06) (0.02) 

Soi l  Variable Si te  Preparation Treatment 
(0-7.6 cm depth) TC SP SPB 

Natural Stand 

Micropore Spaze 38.1 a 35.4 a 35.2 a 
(Vol. X I  (0 .8)  (0.8) (0.9) 

Organic Matter 4.69 a 3.76 a 3.05 a 4.60 
(Wt. X) (0 .5)  (0.32) (0.52) 1 (0.26) 

44.6 
(1 .7)  

Total Pore 52.2 a 49.3 a 54-0 a 
Space ( ~ 0 1 .  X )  (0 .7)  (0 .6)  (1.8) 

* Means with same l e t t er  are not s ignif icant ly  different a t  the 
0.05 r i sk  l eve l .  

57.9 
(1.7) 

Bedding s i g n i f i c a n t l y  increased the  
macropore volume on the bedded s i t e s  without 
decreasing the  micropore volume ( t a b l e  4 ) .  This 
probably occurred by rearranging the s t rongly  
developed s o i l  aggregrates i n t o  a more porous 
medium without destroying the aggregrates.  I n  
f ine-textured s o i l s ,  l a rge ,  f r e e l y  dra in ing  
macropores a r e  e spec i a l l y  important t o  good 
drainage and aera t ion .  These condit ions i n  t u r n  
a r e  conducive t o  rapid  d e v e l o p e n t  of new roo t s ,  

S o i l  bulk dens i ty  under t he  na tura l  s tand 
was l e s s  than t h a t  on the  t r ea t ed  s i t e s  
( t a b l e  4 ) .  These d i f ferences  could be p a r t l y  due 
t o  s o i l  t e x t u r a l  d i f f e r ences  t h a t  occur between 
the  two s i t e s .  The na tu ra l  s tands had f i n e r  
tex tured  sur face  s o i l  than the  s i t e  prepara t ion  
study,  i . e , ,  c lay  versus s i l t y  c lay  loam. With 
the  sur face  t e x t u r a l  d i f f e r ences  i n  mind, t he  
s o i l s  on the  modified s i t e s  may not have been 
dramat ica l ly  a l t e r e d  by logging o r  s i t e  
prepara t ion  but some disturbance has occurred a s  
evidenced by the  increase  i n  bulk dens i ty  on the  



sheared-piked plots. In an intensive forest 
management operation, more entries and equipent 
trafficing are required on a given land unit to 
accomg2islr management goals. This fact coupled 
with shortened rotation ages could have additive 
detriolental effects on soil physical properties. 
Some form of soil amelioration, such as disking, 
ripping or bedding, or combinations of the three, 
probably will be needed to amend soil physical 
properties (~oehring 1970). 

Brush Competition 

Brush competes with pine for both light and 
moisture during the growing season on these 
flatwoods sites, mile soil moisture levels are 
high through a portion of the year, it is often 
very law during the later part of the growing 
season, Vigorous sprouting occurs on those sites 
where hardwood root stocks are left intact such 
as the  TC sites. Shearing, piling, and bedding, 
preferably the latter, elbinate much of this 
herdwod sprouting problem because root-raking 
and bedding sever and expose hardwood roots to 
dessication by sun and wind. In this study the 
shear and pile treament reduced hardwood 
competition proportionally more than the bedding 
treabent. 'b"his probably is due to the rake and 
p i l e  part of the treatment which scarified the 
soil 8 ~ ~ f ~ ~ e r  Scarification and raking into the 
soil, however, should be minimized or eliminated 
&ring piling to avoid topsoil removal. Bedding 
should be able to reduce hardwood competition to 
acceptable levels, After eight years TC plots 
had 195 percent msre total brush basal area than 
the SPB plots and 145 percent more brush basal 
area than the SP treatment (table 5 ) ;  brush basal 
area, in fact, exceeded the pine basal area by 19 
percent on the TC plots (table 4 ) .  

T o t a l  basal area of pine and brush was 
fairly constant among treatments (table 5 ) .  The 
mare intensive site preparation treatments 
appeared to redistribute basal area from brush to 
pine in almost a 121 proportion. 

Table 5. Total hardwood basal area in an age 
eight lsblolly pine plantation by site 
preparation treatment - Kemper Co., Miss, site 
preparation trial, 

CONCLUSIONS 

Identification of site specific factors 
limiting the growth potential of pine is a 
prerequisite to developing effective, 
economically sound site preparation 
prescriptions. Brush competition was probably 
the principle factor limiting pine growth on this 
study site. Total basal area, pine plus brush, 
was very similar on all treatments. Site 
preparation noticeably redistributed basal area 
from brush to pine as site preparation intensity 
increased from TC to SPB. Incremental gains in 
tree growth were greater between the SP and TC 
treatments than between the SP and SPB 
treatments. The most plausible explanation for 
this trend is that brush, which was reduced most 
by the SB treatment, was limiting pine growth 
msre than the soil physical properties which were 
modified by bedding. Trees on bedded plots, 
however, did show a growth advantage over trees 
on the SP plots and this additional growth gain 
could be associated with improvement in soil 
macropore space and additional hardwood control. 

One can only speculate what tree growth 
rates would have been on a chemical site 
preparation treatment with complete hardwood 
control or on the TC plots had the hardwoods 
been removed by burning or chemical means. 
Disking also could be considered an alternative 
treatment to bedding on these soils because 
disking can effectively control hardwoods and 
should amend soil physical properties. 

It could be argued that careful logging 
debris removal with minimum soil compaction and 
displacement followed by disking would be 
preferred treatments on these soils although this 
combination of treatments was not tested in this 
study. I f  a high proportion of a tract was more 
poorly drained, then bedding may be needed 
instead of disking. Chemical site preparation 
treatments also could be proposed as an 
alternative site preparation treatment since in 
this case hardwood competition was the factor 
most limiting growth, but these treatments can 
not amend soil physical properties and the 
probability of chemical treatment success is 
usually less than that with mechanical 
treatments. 

Basal Area (a2/ha) 
Site Preparation Treatment 

The early pine growth gains exhibited on the 
more intensively site prepared plots in this 
study will either be (1) maintained, 
(2) decreased, or ( 3 )  increased through the 
rotation. Regardless of the growth pattern that 
finally occurs, the increased early growth on the 
more intensively prepared sites may represent a 
significant financial opportunity because of the 
early age that comercial thinning can be 
initiated. 

* Means w i t h  the same Letter are not signi- 
ficantly different at the 0.05 risk level, 
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Jacques R e  Jorgensen and Charles E. Davis 2 

Abstract .  --Seri  cea lespedeza stands f o r  f o r e s t r y  
purposes were es tab l i shed by several methods. Stand 
development Has f o l  1 owed over two growl ng seasons. 
On s o i l s  t h a t  ranged from excessively  t o  moderately 
we1 1 -drained, burning was near ly  as* e f f e c t i v e  f o r  
s tand establ ishment as was i n tens i ve  d isk ing ,  
P l a n t i n g  11.2 kg o f  seed/ha produced adequate f i r s t -  
yea r  stands. Dur ing t he  second growing season, 
stands, espec ia l l y  those w i t h  few p lan ts ,  became more 
dense. Seeding i n  l a t e  w in te r  was more successful than 
i n  l a t e  spr ing,  Coating seeds improved i n i t i a l  s tand 
es tab l  i shment and second-year development on severe and 
moderate s i t e s  sown i n  t he  w in te r  but  had l i t t l e  
i n f l u e n c e  on stands seeded i n  l a t e  spr ing,  Phosphorus 
f e r t i l i z a t i o n  had no i n f l uence  on f i r s t - y e a r  es tab l i sh -  
ment o r  development, but  second-year he igh t  o f  p l an t s  
grown on moderate s i t e s  was improved by f e r t i l i z a t i o n ,  

INTRODUCTION 

Fores t  t r ees  respond t o  n i t r ogen  (N) a p p l i -  
c a t i o n  more f requent ly  than t o  any o ther  f e r -  
t i l i z e r  element, and r i s i n g  costs f o r  N 
f e r t i l i z e r s  have st imuf a ted  i n t e r e s t  i n  b i o l o g i  - 
c a l  f i x a t i o n  o f  N. The m a j o r i t y  o f  N - f i x i ng  
p l a n t s  a re  ~ o t  adapted t o  t h e  f o r e s t  
bnv i  ronmentJ, but  s e r i  cea 
(Dum. f G. Don) i s  an e x c e ~ t i o n .  Under f o r e s t  
p l a n t a t i o n  c o n 6 i t i  ons, it has produced stands 
dense enough t o  f i 4  subs tan t i a l  q u a n t i t i e s  of N 
(Jorgensen, 1981 ). A g rea t  deal , however, must 
be learned about cond i t ions  f o r  es tab l  ishment and 
management o f  t h i s  va luab le  species. 

'paper presented a t  Second Southern 
S i l v i c u l t u r a l  Research Conference, A t lan ta ,  
Georgia, November 4-5, 1982, Work supported by 
t h e  U.S. Department o f  Energy, Ass is tan t  
Secretary f o r  t h e  Environment, O f f i c e  o f  Hea l th  
and Envi ronmentaf Research, under Interagency 
Agreement No. DE-AI10980SRl 0702, 

E ~ e s e a r c h  Soi 1 Sci en t  i s t ,  USOA Forest  
Service, Southeastern f o r e s t  Experiment S ta t  1 on, 
Research T r i ang le  Park, NC, and Research 
Techni c i  an, Savannah R iver  Ecsl ogy Laboratory, 
SRP, Aiken, SC, 

I n  t h i s  paper we repo r t  research results 
about q u a n t i t y  o f  seeds needed t o  ob ta in  an ade- 
quate stand, methods o f  s i t e  preparat ion,  season 
o f  sowing, seed coat ing,  a p p l i c a t i o n  o f  P Fer- 
t i l i z e r ,  and q u a l i t y  o f  s i t e  f o r  p i n e  s u r v i v a l ,  
I n  our s tudies,  ser icea was success fu l l y  
es tab l  i shed on recent1 y logged s i t e s  w i t h  modest 
amounts o f  s i t e  preparat ion.  Costs o f  establ i s k -  
ment, compet i t ion  e f f e c t s  on p lan ted  pines, and 
amounts o f  N f i x e d  by t he  es tab l i shed stands are  
y e t  t o  be determined. 

3~orgensen,  J. R., and J. R. Cra ig .  Legumes 
i n  f o r e s t r y :  r e s u l t s  o f  a d a p t a b i l i t y  t r i a l s  i n  
t he  Southeast, USDA For, Serve, Res, Note, 
Southeast, For, Exp, Stn, , Ashevi 1 Ie, &C, 
(Manuscript submitted f o r  pub1 i c a t i o n ) ,  

4 ~ o r ~ e n s e n ,  J. R e  1981. Use o f  legumes i n  
Southeastern f o r e s t r y  research, PPOC. F i r s t  
B i enn ia l  Southern Si l v i c u l t u r a l  Res, Conf, 
USDA, FOP, Serv, Gen. Tech, Rep, $0-34, p, 
205-21 1, 



METHODS AND MATERIALS 

The experimental areas were loca ted  on t he  
Savannah R i v e r  P ro jec t  (SRP) south o f  Aiken, SC, 
and near Saxapahaw and Troy, NC. Experimental 
a rea  l o c a t i o n s ,  s o i l  se r ies ,  t h e  bas ic  s i t e  pre- 
p a r a t i o n  t h e y  received, and t h e  seve r i t y  o f  t he  
s i t e  f o r  t r e e  seedl ing s u r v i v a l  are g iven i n  
t a b l e  1. S o i l s  ranged from excess ive ly  w e l l -  
d ra i ned  (t  ake l  and) t o  moderately we1 1 -dra ined 
(Yauhannah ) and had rece i  ved s i t e  p repara t ion  
rang i  ng f r o m  very i n t e n s i v e  wi ndrowi ng , stumping 
and d i s k i n g  t o  burning o r  no p rep lan t i ng  d i s t u r -  
bance o f  s l a s h  and res idua l  vegetat ion. I n  most 
ins tances  s i t e  p repara t ion  f o r  t r e e  p l a n t i n g  pre-  
ceded p l a n t i n g  ser icea by several  months. 

On a l l  areas sowing ra tes  were 5.6, 11.2, 
and 22,4 kg/ha of l i v e  seeds. Seeds were usua l l y  
sown between l a t e  February and e a r l y  March f o r  
t h e  w i n t e r  season and between mid-Apr i l  and e a r l y  
May f o r  t h e  spr ing  sowing. At t h e  t ime o f  
seeding, ground rock phosphate (GRP), t r i p l e  
superphosphate (TSP) o r  no phosphate was app l ied  
t o  t h e  p l o t s .  No o ther  f e r t i l i z e r s  o r  l ime were 
appl ied.  I n  some experimental areas, preinocu- 
l a t e d  seeds w i t h  a l ime coat ing  were sown a t  one 
o r  more r a t e s  i n  a d d i t i o n  t o  uncoated seed. 
Where equipment was ava i l ab le ,  s o i l s  were l i g h t l y  
d isked o r  raked a f t e r  seeding and f e r t i l i z i n g  t o  
determine t h e  e f fec t  cover ing  seeds and i nco r -  
p o r a t i  ng t h e  f e r t i  1 i z e r  w i t h  so i  1 had on stand 
development, A l l  seeds, except those t h a t  were 
coated and pre inocu la ted  were i nocu la ted  w i t h i n  a 
day or  two o f  sowing, 

Each area inc luded t h ree  r e p l i c a t e s  i n  some 
form o f  b lock design. P l o t s  w i t h i n  b locks  were 
usua l l y  6.1 x 6.1 meters. Where seeds were 
covered w i t h  s o i l  by d i sk i ng  w i t h  a small  t r a c -  
t o r ,  p l o t s  were s p l i t  i n t o  d isked and undisked 
segments. I f  seeds were covered by hand-raking, 
i n d i v i d u a l  p l o t s  were assigned t he  rak i ng  t r e a t -  
ment i n  combination w i t h  o ther  t reatments and t h e  
design was an incomplete randomized b lock f ac -  
t o r i  a l e  Seeds were covered on only f ou r  areas, 
a1 1 i n  1981 ; th ree  o f  these areas were on t h e  
SRP. Coated seeds were sown on most areas i n  
1981 , but  were no t  used i n  1982. Ground rock 
phosphate was t h e  pr imary P f e r t i l i z e r  on t h e  SRP 
experimental areas i n  1981. T r i p l e  super- 
phosphate was used on o ther  areas i n  1981 and on 
p l o t s  sown i n  1982. 

Sericea popu la t ions  and he igh t  o f  stands 
p lan ted  i n  1981 on t he  SRP were measured i n  J u l y  
o r  August o f  1981 and 1982. P lan t  numbers and 
he igh t  ?ere t a l l i e d  i n  two mechanical ly l o c a t e d  
0.093 m areas i n  each h a l f  p l o t .  Although t h e  
presence o f  more than 10 p l an t s  per h a l f  p l o t  was 
noted, we be l i eve  t h a t  more than 10 seed l ings  do 
not  enhance stand es tab l  i shment o r  devel opment , 
espec ia l l y  on severe s i t es ,  P lan ts  i n  stands 
es tab l i shed i n  1982 were t a l l i e d  on ly  once i n  
e a r l y  August 1982. 

Since not  a1 1 experimental s i t e s  r ece i  ved 
t h e  same treatments, on ly  s p e c i f i c  data se t s  o r  
po r t i ons  o f  data se ts  were used t o  determine t h e  
importance o f  t he  experimental f a c t o r s  ( t a b l e  1). 

Table I.--Experimental area descr ip t ions ,  t reatments and use o f  data 

Soi 1 Year S i t e  Hazard2 Treatment3 Table 
s e r i e s  Locat i on1 seeded prepara t ion  r a t i n g  app l ied  a p p l i c a t i o n  

Ce;i 1 S!x. 

Dothan 
Eustus-Lakeland s!P 
Lakeland tl 

11 II 

I1 11 

If 11 

Lucy I t  

Orangeburg IS 

Orangeburg-Lucy * I  

Orangeburg-Red Bay " 
Pinkston Troy 
Yauhannah SRP 

Wind~owing, d i s k i n g  
I1 

Moderate burn 
I1 11 

Hot burn 
Windrowing, d i  sk ing  
None 
Wfndrowing, d i s k i n g  
Moderate burn 

Windrowing, d i s k i n g  
Moderate burn 
Windrowing, d i  sk ing  

I1 

Mod:rate C,F,W,R,S 3 
w, R 3 

" F,WS,R 2-4 
Severe F, WS, R 2-4 

" F,WS,R,S 2-7 
C,F,WS,R,S 2-7 

" F,WS,R,S 3 
" C,F,W, S 7 

Mod:rate F, WS, R 2-4 
F,WS,R,S 2-7 

" C,F,WS,R,S 2-7 
" F, WS, R 2-4 
" W, R 3 
" F, WS, R 2-4 

'SRP = Savannah R iver  Pro jec t ,  Aiken, SC 'Treatments--may not  be complete f a c t o r i a l s  on 
Sax. = Saxapahaw, NC each s i t e .  
Troy = Troy, MC C = Seed covered w i t h  s o i l  i n  some p l o t s  

F = Comparison o f  ground rock phosphate o r  t r i p l e  
'Hazard r a t i n g  = degree o f  expected t r e e  superphosphate, w i t h  no f e r t i t l z e r  

seed l ing  m o r t a l i t y  dur- WS = Winter and s p r i n g  p t a n t i n g s  
i ng  f i r s t  two growing W = Winter p l a n t i n g  o n l y  
seasons R = Three seeding rates--5.6, 11.2, 22.4 kg/ha 



S i t e s  were grouped according t o  t he  So i l  
Conservation Servi ce r a t i n g  f o r  p i ne  seed1 i ng 
s u r v i v a l  i n t o  severe and moderate t o  s l i g h t  
hazard loca t ions .  Severe hazard s i t e s ,  f i v e  i n  
a l l ,  were droughty Lakeland and Eustis-Lakeland 
s o i l s  low i n  organic mat ter .  The remaining n ine  
moderate t o  s l  i ght  hazard s i t e s  , hencefor th 
r e f e r r e d  t o  as moderate, had sur face  s o i l s  t h a t  
ranged from c layey on one o f  t h e  Orangeburg 
s i t e s ,  t o  sandy f o r  a s i t e  w i t h  t h e  Lucy series. 

RESULTS 

S i t e  Hazard 

F i  r s t - yea r  w in te r  seeding r e s u l t s  showed 
about 252percent d i f fe rence,  38.9 vs 28.3 
p l a n t s  fm , i n  favor  o f  t he  moderate s i t e s  ( t a b l e  
2). Spr ing seeding produced a ~ u c h  lower 
seed l ing  dens i ty :  16.5 plantsfm on t he  moderate 
vs 11.4 on t he  severe s i t es ,  but  t h e  percent d i f -  
ference between t h e  s i t e s  was about t h e  same as 
i n  t h e  w i n t e r  sowing. Seedl ing s tock ing  averaged 
67 percent  on moderate s i t e s  sown i n  t h e  w in te r  
compared t o  55 percent on t h e  severe s i t es .  The 
s p r i n g  sowing on both s i t e s  averaged on ly  27 per- 
cent  s tock ing  w i t h  no d i f f e r e n c e  due t o  s i t e  
seve r i t y .  On both t he  moderate and severe s i t es ,  
t h e  5.6 kg sowing r a t e  produced fewer p l an t s  and 
had lower s tock ing  than  d i d  t h e  two h igher  rates. 
The 22.4 kg seeding r a t e  was not  c l e a r l y  super io r  
i n  number o f  seed1 ings  or  percent  s tock ing  t o  
t h e  11.2 kg seeding rate.  

S i t e  Prepara t ion  

Type of s i t e  p repara t ion  i n f l uenced  t he  
number o f  p l an t s  obta ined a t  each seeding r a t e  
( t a b l e  3). When seeds were sown on unprepared 
areas, which conta ined l ogg ing  s lash  as we l l  as a 
r es i dua l  f o r e s t  f l o o r ,  no s i g n i f i c a n t  ser icea 

Table 2. Ef fect  o f  s i t e  q u a l i t y ,  season and r a t e  o f  
sowing on ser icea densi ty and s to  k i n g  

a f t e r  the  f i r s t  growing season E- 

Seed1 i ng dens i ty  
Rate o f  
sowing w in te r  spr ing  

7 

k  g/ha ---plants/mL--- 

Severe s i t e s  

Moderate s i t e s  

Seed1 i n g  stocking 

w in te r  spr ing  

stand was obta ined i n  t he  f i r s t  growing season on 
severe s i t es .  The few p lan t s  t h a t  were found were 
growing where t h e  so i  1 had been bared by har- 
ves t ing  o r  t r e e  p lan t ing ,  Unfor tunate ly ,  no 
moderate completely unprepared s i t e s  were 
ava i l ab le  f o r  comparison. 

The two major  methods o f  s i t e  p repara t ion  t o  
reduce compet i t i on t o  newly p lan ted  pines , 
burning and windrowing p lus  d isk ing ,  were both 
e f f e c t i v e  compared t o  no p repara t ion  i n  
i nc reas ing  t he  number o f  ser icea p lants.  On t h e  
severe s i t e s ,  burn ing  was somewhat i n f e r i o r  t o 2  
windrowing p l us  d isk ing ,  22.2 vs 38.0 p lantsfm , 
i n  promoting establ ishment. On t h e  moderate 
s i t e s ,  however, t he re  were no important  d i  f f e r e n -  
ces i n  t h e  s i t e  p repara t ion   treatment^; burned 
areas had an average o f  33.7 p lan ts lm and 
windrowed p lus  d isked areas had 40.5. One area 
o f  Yauhannah s o i l  t h a t  had been windrowed but  no t  
d isked had a p l a n t  dens i ty  about tw i ce  t h a t  o f  
o ther  moderate s i t es .  The grea ter  p l an t  dens i t y  
was probably due t o  t he  r e l a t i v e l y  h igh  seasonal 
water t a b l e  on t h e  s i t e  when seed were sown. 

Rate o f  Sowing 

The 5.6 kg sowing r a t e  genera l l y  produced 
fewer p l an t s  than t h e  two h igher  ra tes  ( t a b l e  
3). On t he  severe s i t es ,  t he re  were no d i f f e r e n -  
ces i n  t he  numbers o f  p l an t s  produced by t h e  11.2 
and 22.4 rates,  but  on t he  moderate s i t e s  
seed1 i ng dens i ty  general l y  increased w i t h  seedi ng 
r a t e  f o r  a1 1 s i t e  p repara t ion  treatments. 

Season o f  P lan t i ng  

Season of p1 an t  i ng s i  gni  f i cant l y  i n f  1 uenced 
seed l ing  densi ty ,  and i n te rac ted  w i t h  s i t e  
q u a l i t y  and year o f  p l a n t i n g  ( t a b l e  4). Severe 
and moderate s i t e s  p lan ted  i n  t he  w in te r  had ade- 

Table 3.--Effect o f  s i t e  p repara t ion  and w i n t e r  sowing of uncoated 
ser icea seed a t  t h r e e  ra tes  on s e r i c f a  dens i ty  a f t e r  

t h e  f i r s t  growing season . 

Severe s i t e s  Moderate s i t e s  

Seeding No Windrowed Windrowed Windrowed 
r a t e  prepara t ion  Burned d i  sked Burned disked only 

'summary of data from 13 areas, t a b l e  I 

i ~ u r n a r ~  o f  data fry nine areas, t a b l e  1 
Percent o f  0.093 m p l o t s  w i t h  one or more p lan ts  



Table 4.-- Inf luence of p l a n t i n g  year, s i t e  q u a l i t y  and 
season o f  sowing on ser icea densi ty and 
percent o f  p l o t s  stocked w i t h  seedlings1 

Seed1 i n g  densi ty Seedl i ng s tock i  ng2 

Year Winter Spr ing Winter Spr ing 

Severe s i t e s  

Moderate s i t e s  

~ s u r n r y  o f  data frp nine areas, t a b l e  1. 
Percent  of 0.093 rn p l o t s  w i t h  one o r  
more p t  ants  

2  quate p l a n t  dens i t ies  of 18.3 t o  42.8 plants/m . 
Plant ings  made i n  t he  w in te r  o f  1982 resu l t ed  i n  
stands about  80 percent o f  t he  dens i ty  obta ined 
t h e  year before.  Spring p l a n t i  ngs made i n  1982 
produced few  sa t i s fac to ry  stands. Severe s i t e s  
had no p i a n t s  and moderate s i t e s  had only 6.3 
plants/m2 whereas i n  1981, s tock ing  averaged 24.2 
p lants/m o n  both s i tes .  Stocking percen$ was 
c l o s e l y  r e l a t e d  t o  t he  number o f  p lan ts lm . 

Seedbed Preparat ion 

D i s k i n g  f o r  seedbed prepara t ion  and f e r -  
t i  l i z e r  i nco rpo ra t i on  on moderate s i t e s  resu l t ed  
i n  spr ing  sown ser icea stands t h a t  were only 
s l i g h t l y  l e s s  dense than were stands from w in te r  
sowings ( t a b l e  5). On moderate s i t e s  t h a t  were 
no t  d i  sked, spr ing  sowing produced f i  rst-season 
stand d e n s i t i e s  t h a t  were only about 60 percent 
o f  those f rom the  w in te r  p lan t ings .  T a l l i e s  o f  
stands p l a n t e d  i n  both seasons on disked moderate 
s i t e s  showeg an average density increase of2from 
41 p lan t s lm  the  f i r s t  year  t o  64 plants/m t h e  
second year. On undisked areas w i t h  t he  same 
t reatments t he re  was a2small unimportant increase 
from 40 t o  44 p lan ts lm . 

On severe hazard s i t es ,  d i sk ing  i n  prepara- 
t i o n  f o r  w i n t e r  p l a n t i n g  increased2f i  r s t - yea r  
dens i t y  f rom 36.4 t o  57.7 plants/m , but t he  
increase i n  number o f  p l a n t s  through the  second 
season was w i thout  regard t o  d isk ing,  

Spr ing  sow1 ngs on undi sked moderate s i t e s  
showed no increase i n  t h e  number o f  p l an t s  from 
t h e  f i r s t  t o  second year, but  on d isked areas t he  
second yea r  popu la t ion  was 149 percent o f  t he  
f i r s t .  Undisked severe s i t e s  sown i n  t he  spr ing  
more than doubled p l a n t  popu la t ions  between the  
f i r s t  and second growjng seasons, i ncreasi  ng from 
11 - 6  t o  29.7 plantsfm . No ser icea stands were 
es tab l i shed  i n  t h e  sp r i ng  on severe s i t e s  t h a t  
had been d i  sked f o r  seedbed preparat ion.  

Table 5.--Effect o f  s i t e  q u a l i t y ,  season o f  s w i n g ,  and d i s k i n g  
f o r  seedbed p r e p a r a t i o n  and f e r t i l i z e r  f n c o r p o r p t i o n  

on ser icea d e n s i t y  over two growing seasons 

Season Djsked Not disked 
S i t e  o f  

qua1 i t y  p l a n t i n g  F i r s t  Second F i r s t  Second 
season season season season 

9 
---------------plantsfm'------------- 

Moderate Win ter  44.9 72.5 50.0 56.8 
Spr ing  37.7 56.1 30.4 31 .6 

Severe Win ter  57.7 85.1 36.4 61.3 
Spr ing  -- - - 11.6 29.7 

'summary o f  data from f o u r  areas, t a b l e  1 

Oisk ing appeared t o  have a l a r g e r  o v e r a l l  
e f f e c t  on p lan t  dens i ty  i n  t he  second growing 
season than i n  t he  f i r s t  ( t ab le  5). 15 w i n t e r  
sowings, t he re  were 43 and 59 plants/m f o r  f i r s t  
and second growing seasons on undisked s i t e s  and 
51 and 79 on disked s i tes .  Spring sowings20n 
moderate s i t e s  produced 30 and 32 plants/m f o r  
f i r s t  and second growing seasons on undisked 
s i t e s  and 38 and 56 on disked areas. 

F e r t i l i z a t i o n  

Phosphorus f e r t i l i z a t i o n  had l i t t l e  impor- 
t a n t  in f luence on p l a n t  density, percent 
stocking,  o r  p l an t  he igh t  dur ing f i r s t  year  o f  
ser icea establ ishment ( t ab le  6 ) .  On severe and 
m ~ d e r a t e ~ s i t e s  w i t h  and w i thout  P, there  were 41 
plants/m . Stocking averaged 68 and 79 percent  
and p lan t  he igh t  21 and 18 cm, respect ive ly ,  f o r  
f e r t i l i z e d  and u n f e r t i l i z e d  p lo ts .  By t h e  end o f  
t he  second growing ~eason,~however, f e r t i l i z e d  
p l o t s  averaged 63 plants/m o r  52 percent more 
than a f t e r  t he  f i r s t  season. On u n f e r t i l i z e d  
p l o t s  on ly  49 p lan t s  were present, an increase o f  
20 percent. Second-year percent s tock ing  was no t  
a f f ec ted  by f e r t i l i z a t i o n  nor was p lan t  he igh t  on 
t h e  severe s i t e ,  but  f e r t i l i z e d  p lan t s  on t he  
moderate s i t e  averaged 89 cm t a l l  compared t o  68 
cm f o r  p l an t s  on u n f e r t i l i z e d  p lo ts .  

Table 6.--Effect of P f e r t i l i z a t i o n  on dens i ty ,  percent s tock ing ,  and h e i g h t  
over  two growing seasons on ser icea s t a l d s  developed by w i n t e r  

sowing 11.2 kg o f  seed/ha 

Dens i ty  s tock ing2 He igh t  

F i r s t  Second F i r s t  Second F i r s t  Second 
F e r t  i 1 i zer  S i t e  season season season season season season 

P Severe 42.1 68.4 69 97 18 55 
Moderate 40,4 57.3 67 94 24 89 

None Severe 38.2 48.2 67 94 18 56 
Xoderate 44.1 50.6 92 92 17 68 

i ~ u m a r y  o f  data fry f o u r  areas, t a b l e  I 
Percent o f  0.093 m p l o t s  w i t h  one o r  more p l a n t s  



Seed Coating 

The use o f  coated seeds, had an important  
p o s i t i v e  i n f l uence  on ser icea  dens i ty  i n  
w i n t e r  sowings on both severe and moderate s i t e s  
( t a b l e  7). At t h e  end o f  t he  f i r ~ t ~ s e a s o n ,  on 
these areas, t he re  were 52 p l an t s  /m der ived  from 
coated seed and on ly  40 from uncoated seed, w i t h  
s i m i l a r  increases due t o  coa t ing  on both s i t es ,  
Dur ing t h e  second season on t h e  two s i t es ,  t he  
number o f  p l an t s  der ived  f r o?  uncoated seed 
increased by about 9 t o  49/m , but when coated 
seed werf used, t he  number increased by 19 t o  71 
plants/m . The m a j o r i t y  o f  increase from both 
types o f  seed occurred on t h e  severe s i t e .  
Densi ty  on t h e  moderate s i t e  remained about t h e  
same, When seed were sown i n  t he  sp r i ng  t he re  
was no o v e r a l l  d i f f e r e n c e  due t o  coa t ing  a t  t he  
f i r s t  o r  second growing season, Most o f  these 
data were extremely va r i ab le ,  but  i t i s  be l ieved 
v a r i a t i o n  i s  due t o  experimental e r r o r  r a the r  
than t o  any t reatment  e f f ec t s .  

Table 7.--Effect of  seeding r a t e ,  seed coating, s i t e  q u a l i t y ,  apd season of 
sowing on sericea density over two growing seasor)$ 

Severe s i t e s  Moderate s i t e s  A l l  s i t e s  

Rate o f  Seed F i r s t  Second F i r s t  Second F i r s t  Second 
seeding coat ing season season season season season season 

Winter sowing 

Spring sowing 

:suMnary of  data from f i v e  areas, t a b l e  1 
coated seed 

3' = uncoated seed 

DISCUSSION 

Good stands o f  ser icea  lespedeza can be 
es tab l i shed  a t  seeding ra tes  as low as 5.6 kg o f  
seed/ha, This r a t e  i s  on ly  about an e i gh th  o f  
t h a t  recommended f o r  agronomic use. Since p l an t s  
a re  harvested dur ing  t h e  f i r s t  year  i n  an agrono- 
mic  stand, i n i t i a l  p l a n t  development and seed 
produc t ion  a re  l i m i t e d  and a dense i n i t i a l  s tand 
i s  requi  red. I n  fo res t ry , ,  p l an t s  may develop and 
produce seeds dur ing  t he  f~ r s t  season and have 
o n l y  minor harves t ing  by w i l d l i f e ,  Thus, e f f ec -  
t i v e  stands of ser icea  f o r  f o r e s t  management may 
be l ess  than f u l l y  stocked a t  t he  end o f  t h e  

f i  r s t  growing season and s t i  11 completely occupy 
t h e  s i t e  by t he  end of t he  second growing season, 

Areas sown i n  t he  w in te r  w i t h  5.62kg o f  
seed/ha had approximately 20 p lan ts lm a t  t h e  
end o f  t he  f i r s t  season and were p red i c ted  t o  
have 37 p l an t s  by t he  end o f  t he  second. Th is  
second-year popu la t ion  i s  be1 i eved s u f f i c i e n t  t o  
produce t h e  biomass needed t o  support an impor- 
t a n t  amount o f  N f i x a t i o n  and t o  compete w i t h  
o the r  vegetat ion.  However, many s i t e s  sown w i t h  
5.6 kg 05 seed w i l l  have fewer than 10-15 
p lan ts lm and some insurance f o r  good stands may 
be had by inc reas ing  t h e  sowing r a t e  t o  11 kg o f  
seed/ha. Any heav ie r  sowing w i l l  not  gene ra l l y  
r e s u l t  i n  a denser stand a t  t he  end o f  t he  second 
growing season, Sericea stands t h a t  are 
es tab l i shed a t  low seeding rates,  may be more 
s e n s i t i v e  t o  an adverse environment--drought, 
compet i t ion,  browsi ng--than wi 11 somewhat denser 
stands t h a t  develop from h igher  seeding rates.  

A major p recaut ion  t o  be taken f o r  assurance 
o f  successful ser icea  establ ishment i s  t o  sow 
seed i n  l a t e  winter .  Seeds sown dur ing  t h i s  
p e r i o d  a re  more l i k e l y  t o  have s u f f i c i e n t  
mo is tu re  f o r  germinat ion and t he  young p lan t s  
have more t ime f o r  development t o  r e s i s t  summer 
droughts than wi 11 sp r i ng  sown plants.  Seeds sown 
i n  A p r i l  o r  May produced only h a l f  t h e  p l a n t  den- 
s i t y  as e a r l i e r  sw ings .  This reduc t ion  i n  i n i -  
t i a l  dens i ty  was fo l lowed by fewer p l an t s  a t  t h e  
end o f  t he  second growing season compared t o  
stands es tab l i shed from w in te r  sowings. 

Over t he  2-year t e s t  per iod  reasonably un i -  
form ser icea  establ ishment was achieved on 
moderate and severe s i t e s  by sowing i n  t he  
w in te r .  Spr ing sowings were s a t i s f a c t o r y  i n  
1981, but  f a i l e d  i n  1982. Undoubtedly, i f  t h e r e  
i s  a choice between e a r l y  and l a t e  sowing, e a r l y  
sowing i s  p re fe r red .  I f  e a r l y  sowing cannot be 
done, i s  i t b e t t e r  t o  sow l a t e  o r  wa i t  u n t i l  t h e  
f o l l o w i n g  year?  There i s  no documented answer a t  
t h i s  time. 

Some s i t e  p repara t ion  i s  necessary t o  
e s t a b l i s h  a ser icea  stand and ca r r y  i t  through t o  
t h e  end o f  t he  f i r s t  growing season. Seeds sown 
on areas w i thou t  any p repara t ion  f a i l e d  t o  pro-  
duce s i g n i f i c a n t  stands o f  p lants.  The prepara- 
t i o n  need no t  be extensive;  burning i s  
s u f f i c i e n t ,  Stands on burned areas tended t o  be 
l ess  dense than those on windrowed and d isked 
areas, espec ia l l y  on severe s i t es ,  but on 
moderate s i t e s  t h e  d i f f e r e n c e  i n  s tand dens i ty  
due t o  p repara t ion  method was small. 

D i sk i ng  t o  prepare seedbeds and t o  i nco r -  
pora te  f e r t i l i z e r  i s  an e f f e c t i v e  method o f  
inc reas ing  stand dens i ty  t h e  f i r s t  year. Dur ing  
t h e  second growing season, i n  most instances, 
stands on d isked and undisked areas developed a t  
t h e  same rate.  Thus, t he  most c o s t l y  aspect o f  
ser icea  establ ishment, separate seedbed prepara- 
t i o n ,  i s  unnecessary o r  may i n  p a r t  be replaced 



by sowing somewhat more than the  minimum amount 
o f  seed. 

F e r t i l i z a t i o n  w i t h  P had no e f f e c t  on stand 
es tab l  i shment and only in f luenced he igh t  o f  
stands on moderate s i t e s  dur ing  t h e  second 
growing season. This r e s u l t  may not be unusual 
f o r  t he  SRP area, since much o f  i t  was farmland 
t h a t  was t a k e n  out of a g r i c u l t u r e  about 30 years 
ago. Res idua l  P, i n  t he  s o i l  from crop f e r -  
t i  1 i za t  i on, apparent 1y was su f  f i c i  ent  f o r  
ser iceas '  i n i t i a l  growth and enabled it t o  com- 
pe te  w i t h  weeds. Although p l a n t  dens i ty  was not 
i n f l uenced  by f e r t i  1  i za t i on ,  stand he igh t  on 
moderate s i t e s  was. Stand he igh t  i s  usual l y  
r e l a t e d  t o  biomass and t h i s  t o  t he  p l a n t s '  capa- 
c i t y  t o  f i x  N. Thus, l a r g e r  p l an t s  on f e r t i l i z e d  
s i t e s  are capable of more N f i x a t i o n  than are an 
equal number of smaller p l an t s  on u n f e r t i l i z e d  
areas. I n  t h e  Lower Coastal P l a i n  o f  North 
Caro l ina  on low-P, nonag r i cu l t u ra l  soi  l s ,  ser icea 
es tab l i shed  w i thout  P f e r t i  1  i z a t i o n  was prac- 
t i c a l l y  e l i m i n a t e d  by n a t i v e  weed compet i t ion 4 
years  a f t e r  establ ishment, and even a t  age 2, 
stands were poor compared to4those rece i v i ng  P 
f e r t  i 1 i zer  (Jorgensen 1981 ). 

Seed c o a t i n g  improved both i n i t i a l  and 
second-growi ng-season stands der ived from w in te r  
sowing on b o t h  severe and moderate s i tes .  

However, coated seed showed no ove ra l l  advantage 
when sown i n  t he  spring. Whether o r  not coated 
seed should be used w i l l  depend on cost and ease 
o f  seed placement, espec ia l l y  if la rge  areas are 
t o  be sown from the  a i r .  

CONCLUSIONS 

Sericea stands can be successful 1y 
es tab l i shed on u n f e r t i l e ,  ac id  f o r e s t  so l  1s by: 

1. Prepar ing t h e  s i t e  p r i o r  t o  p l a n t i n g  by 
burning or  o ther  procedures which w i l  l expose 
mineral  s o i l .  

2. Sowing hu l led ,  sca r i f i ed ,  i nocu la ted  
ser icea seeds a t  a minimum r a t e  o f  5.6 kg  and 
maximum o f  11.2 kg o f  l i v e  seed/ha. 

3. Sowing seeds i n  l a t e  w in ter ,  a f t e r  
severe co ld  weather has passed ( se r i  cea seed1 i ngs 
a re  co ld - t o l e ran t ) .  

4. Applying approximately 50 kg of P/ha f o r  
s tand maintenance and development on s i t e s  t h a t  
a re  low i n  ava i l ab le  P. 



SOIL RESPONSE TO CLEARCUTTING AMD SITE PmARATION I N  EAST TEXA& 

J. J. Stransky, L. K. Halls,  and K. G. w a t t e r s t o d i  

Abstract.-- On an e a s t  Texas fo res t  s i t e ,  c learcut t ing and 
s i t e  preparation did not change the s o i l  pH. Chopping and KG 
blading s ign i f i can t ly  reduced organic matter i n  the  surface s o i l ,  
while burning s l i g h t l y  increased it. Organic matter showed a 
posi t ive  and s ign i f i can t  re la t ionship  t o  potassium, calcium and 
magnesium. A l l  s i t e  treatments increased phosphorus and potassium, 
with the  g rea tes t  increase on the  burned plots .  Calcium and 
magnesium contents a l so  increased with burning but decreased with 
KG blading. Burning appeared b e t t e r  than the  other  treatments f o r  
maintaining o r  improving the  s o i l  nu t r i en t  regime. However, planted 
lob lo l ly  pine seedlings survived and grew bes t  with mechanical 
treatments tha t  controlled competing vegetation. 

For f i f t y  years c learcut t ing has been a 
serious i s sue  among f o r e s t  managers. I n  the l a t e  
twenties and ea r ly  t h i r t i e s ,  many European 
fo res te r s  expressed concern about the  e f f e c t s  of 
c learcut t ing on the  s o i l .  Wittieh (1930) found no 
biological  changes i n  the  s o i l  a f t e r  c learcut t ing 
i n  Germany and a t t r ibu ted  temporary changes i n  the  
nu t r i en t  regime t o  the  t r a n s i t i o n  from one plant  
successional stage t o  another. Fehdr (1931) i n  
Hungary supported ~ i t t i c h '  s findings t h a t  the  
e f f e c t s  of c learcut t ing a r e  short-lived and a r e  
reversed by the  benef ic i a l  shading of upcomlng 
vegetation. 

The c learcut t ing i s sue  became more 
complicated with the  addi t ion of questions about 
its unsightl iness and l o s s  of wi ld l i f e  habi ta t .  
But the  current controversy centers largely  on 
loss  of s o i l  productivity,  A s  a r e s u l t ,  court  
decisions have banned c learcut t ing i n  many pa r t s  
of the  United States.  Facts a re  needed t o  c l a r i f y  
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some of the  misunderstandings between proponents 
and opponents of c learcut t ing and s i t e  preparation. 
Recent s tudies  i n  New Hampshire and i n  the  c e n t r a l  
and southern Appalachians indicated re l a t ive ly  
l i t t l e  adverse e f f e c t s  from clearcut t ing on s o i l  
nu t r i en t s  (Reinhart 1973). 

OBJECTIVE 

The objective of t h i s  study was t o  determine 
s o i l  response t o  timber c learcut t ing and the  
preparation of p lant ing s i t e s  i n  the loblolly- 
shor t leaf  pine-hardwood f o r e s t  type t h a t  covers 
near ly  70 mi l l ion  ac  i n  the  South and reaches its 
westemmost extension i n  eas t  Texas. 

STUDY SITE 

The study s i t e  was located on a nearly l e v e l  
t o  gently sloping ter race  on the Angelina River i n  
Jasper County, Texas. The t r a c t ,  owned by Temple- 
Eastex, Incorporated, had never been cleared f o r  
ag r i cu l tu ra l  crops, although it  was probably 
grazed by l ives tock i n  the  pas t  (Stransky 1976). 

The area is p a r t  of the Gulf Coastal Pla in ' s  
Quaternary deposits ,  which a re  underlain by sands, 
sandstones, and clays of the  Tertiary's  Oligocene 
period (Dumble 1918). 

So i l s  belong t o  the  Bernaldo-Elysian complex 
and t o  the  Sacul se r i e s .  Bernaldo-Elysian s o i l s  a r e  
moundy and occur i n  such a complex pat tern  t h a t  
separation is very d i f f i c u l t .  Bernaldo s o i l s  
(Glossic Pa lwda l f s ,  fine-lorimy s i l iceous)  occupy 
the  lower p a r t  of the  mounds and most of the  



adjo in ing  Tow a reas ,  and compose about 50 percent  
of  the mapped areas ,  Elysian s o i l s  (Naplic 
G los suda l f s ,  coarse-lomy, s i l i c e o u s )  occupy most 
of t he  l a r g e  mounds and c o q o s e  about 40 percent  
of  the  a r e a .  The major d i f f e r ence  between these  
s o i l s  is t h a t  t h e  sandy su r f ace  l aye r  is  more 
than  20 i n c h e s  t h i ck  on the  Elys ian  s o i l ,  bu t  is 
th inner  on the  Bernaldo. Slopes of both s o i l s  
range from 0 t o  3 percent ,  These a r e  wel l  drained,  
moderately pemeable  s o i l s  t h a t  have slow runoff ,  

Sacul  s o i l s  (Aquic Napludalfs, clayey,  
mixed) occrnr a t  t he  head of d ra in s  and normally 
have a concave topography. They occupy s lopes  
from 1 t o  6 percent ,  a r e  moderately wel l  drained,  
and have s low permeabil i ty.  

S u m e r s  a r e  hot  and humid, and the  winters  
mild, The growing season is about 240 days long. 
Annual r a i n f a l l  averages about 51 inches,  but  i n  
1972, 1973, and 1974 it was 54, 87, and 70 inches;  
o f t en  i n t e r f e r i n g  wi th  planned study a c t i v i t i e s .  

On t h e  experimental s i t e ,  l o b l o l l y  pine 
(Pinus t a e d a  L. )  and some sho r t l ea f  pine (Pinus 
echina ta  M i l l , )  occurred i n  admixture with 
southern r e d  oak (Quercus f a l c a t a  Michx.), pos t  
oak (Quercus s t e l l a t a  Wang,), water oak (Quercus 
n i g r a  L . ) , sweetgum (Liquidarabar L * ) ,  
and blackgum (Nyssa Marsh. ) . 

Prominent shrubs were h e r i c a n  beautyberry 
( americana L , ) ,  yaarpsn ( I l e x  vomitoria 
A i t . ) ,  b lackberry  (Rubus spp . ) ,  and southern 
waxmyrtle (Hyrica c e r i f e r a  L , ) .  Carolina jessa-  
mine (Gelsemium sempervirens (L.) A i t .  f . ) ,  
muscadine grape  (V i t i s  ro tund i fo l i a  Michx.), and 
g reenbr i e r s  (Smilax spp.) were t he  most prominent 
v ines .  

Longleaf unio la  
d e v i l s ' s  grandmother 
and two-eyed-berry (Mitchella repens L.) were t he  
most abundant herbaceous p l a n t s ,  

STUDY METHODS 

Design and Treatments 

I n  September 1972 a l l  t h e  merchantable t r e e s  
were cu t  and removed from the  study area .  During 
February and March 1974 the  fol lowing s i t e  prepa- 
r a t i o n  t rea tments  were appl ied  t o  1 B/2 a c  p l o t s  i n  
a randomized block design wi th  unequal r ep l i ca t ions :  

Control--No s i t e  prepara t ion ,  a l l  woody 
s t e m s  g r ea t e r  than 1 inch i n  d i m e t e r  a t  
b r e a s t  he ight  fd.b.h.) were cu t ,  
Burn--all s t e m s  g r e a t e r  than I inch d.b.h, 
were c u t  and burned wi th  t he  Logging s l a s h ,  
Fanned by a steady wind of about 12 d l e s  pe r  
hour, t h e  bead Eire consmed the  tops  of a l l  
herbaceous p l an t s ,  most shrubs and small  
trees, near ly  a l l  t h e  leaf l i t t e r ,  and a l l  
bu t  t h e  l a r g e  branches of the logging s l a sh .  

-logging s l a s h  and a l l  s t e m  were cu t  
with a chopper and burned. The chopper re- 
sembles a huge lawn r o l l e r  equipped wi th  
cu t t i ng  blades p a r a l l e l  t o  the  long axis of 
t he  cylinder.  Pulled by a l a rge  crawler  
t r a c t o r ,  t he  chopper cu t  non-merchantable 
t r e e s  and shrubs i n t o  small  chunks and 
crushed the  debr is  i n t o  the  su r f ace  so91, 
The chopped p l o t s  have been prepared i n  
October 1972, but  heavy r a in s  prevented 
c o q l e t i o n  of  t he  o ther  t r e a m e n t s ,  These 
p l o t s  were rechopped when the  o the r  s i t e  
t r e a m e n t s  were applied. 
KCF-all stems were cut  wi th  a KG b lade ,  and - 
t he  logging s l a s h  was raked o f f  t h e  p l o t s  
and burned. The KG blade resembles a 
s t r a i g h t  razor  and is mounted a t  an  angle  
on the  f r o n t  of a t r a c t o r ,  It sheared o f f  
a l l  stems i n  i t s  path. The cu t t i ng  process  
g r e a t l y  churned up the  s o i l  sur face  and 
pushed some l i t t e r  and t o p s o i l  of f  t h e  
p l an t ing  s i t e ,  

The a r e a  was handplanted wi th  1-0 l o b l o l l y  
pine seedlfngs a t  8 x 10 foo t  spacing i n  mid-March 
1974, 

S o i l  Response Measurements 

I n  August 1972 (before c l ea rcu t t i ng )  and i n  
December 1974 (one growing season a f t e r  s i t e  t r e a t -  
ments were applied) f i v e  1 inch diameter s o i l  cores  
were taken a t  t he  depth of 0 t o  2 and 2 t o  5 inches 
near each of 20 sample po in t s  t h a t  were e s t a b l i s h e d  
i n  t he  i n t e r i o r  1 a c  center  of each p lo t .  The f i v e  
i nd iv idua l  samples from each depth were canrposited 
and analyzed f o r  organic mat ter  by l o s s  on i g n i t i o n ,  
pH by g l a s s  e lec t rode ,  phosphorus by t h e  su l fo-  
molybdic b lue  color  method, and potassium, calcium, 
and magnesium by the  a t  C absorption method* 

The 1972 and 1974 da t a  were compared by 
ana lys i s  of variance,  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 igni f icance .  The Bernaldo-Elysian 
and the  Saeul  s o i l s  were combined and considered a s  
one s o i l  because i n i t i a l l y  (1972) n e i t h e r  forage  
y i e l d  nor  most sur face  s o i l  c h a r a c t e r i s t i c s  were 
s i g n i f i c a n t l y  d i f f e r e n t  between the  two s o i l  types ,  

mSULTS AND DISCUSSION 

Clearcut t ing  i t s e l f  probably d id  no t  r 
s i zeab le  moun t s  of n u t r i e n t s  a s  only t h e  l ogs  
were taken from t h e  area.  The upper stems and crowns 
wi th  t h e i r  branches, twigs, and fo l i age  were l e f t  on 
t h e  ground t o  be incorporated i n t o  t he  s o i l  by decay, 
f i r e ,  o r  chopping, Nutr ien t  l o s se s  from t h i s  type  of 
logging a r e  s m a l l  because t he  logs  conta in  few 
n u t r i e n t s ,  and most a r e  i n  t h e  leaves and twigs 
(Stone f973),  Some leaching  of s o i l  n u t r i e n t s  could 
occur a f t e r  c l ea rcu t t i ng ,  but  rap id  revegeta t ion  
usual ly  p r o t e c t s  the  s o i l  sur face  and continues t o  
add n u t r i e n t s  (Burns and Hebb 1972, Stransky e t  al. 
19741, 



PH The explanation f o r  t he  lowered organic  mat- 
t e r  content  on the  KG p l o t s  is f a i r l y  ob.vious. The 

S o i l  pN values were s imi l a r  f o r  a l l  t r e a t -  organic  matter  was simply removed from the  p lo t s .  
ments and a t  both s o i l  depths before and a f t e r  Haines e t  a l ,  (1975) warned t h a t  such p rac t i ce s  
site prepara t ion  (Table I ) .  This r e s u l t  is some- would be de t r imenta l  t o  the  s o i l  n u t r i e n t  regime, 
what i n  con t r a s t  t o  another study t h a t  shows and Hicock e t  a l .  (1931) noted t h a t  t he  removal of  
i nc reases  i n  pH by burning (Wells 1971). l i t t e r  alone would se r ious ly  deple te  organic mat ter  

reserves.  

Organic Matter 

I n  both 1972 and 1974, organic matter was 
about two times higher i n  t he  sur face  s o i l  than i n  
t h e  2 t o  5 inch depth (Table 1 ) .  Differences bet- 
ween p l o t s  were not  s i g n i f i c a n t  i n  1972, but  i n  
1974 t h e  s o i l  on the  chopped and KG p l o t s  had 
s i g n i f i c a n t l y  l e s s  organic  mat ter  content  i n  t he  
sur face  s o i l  than the  con t ro l  and burned p lo t s .  

Severa l  s t u d i e s  have described the  p o s i t i v e  
r e l a t i onsh ip  between f e r t i l i t y  and orftanic mat ter  
content  of  southern f o r e s t  s o i l s .  Stransky (1961, 
1964) showed t h a t  t he  growth of planted pine seed- 
l i n g s  was re tarded  by organic  mat ter  removal+ Thus, 
t he  decreased organic mat ter  on the  chopped and 
KG p l o t s  can poss ib ly  inf luence  the  fu tu re  pro- 
duc t iv i ty  of t he  s i t e .  The e f f e c t s  of  l i t t e r  and 
s l a s h  removal a r e  l i k e l y  t o  be most pronounced 
where hardwoods predominate because the  hardwood 
l i t ter  contains more n u t r i e n t s  and decomposes 
f a s t e r  than  pine l i t t e r  (Alway e t  a l .  1933, 
Coile 1937) . 

The lo s se s  with chopping a r e  d i f f i c u l t  t o  ex- 
p l a i n  a s  no organic  m t t e r  was removed from the  
p l o t s ,  The s l a s h  was broken up by repeated chopping 
and pressed i n t o  t he  s o i l  sur face ,  poss ib ly  r e su l t -  
i ng  i n  more r ap id  decay. Because of heavy r a i n s  i n  
1973 and 1974, some of i t  could have been washed 
f r m  the r idges  i n t o  t he  va l l eys  cu t  by the  chopper 
blades.  A s  only t he  r idges  were sampled, some of t h e  
organic ma t t e r  may have been excluded, It is unl ike ly  
t h a t  t he  organic mat ter  moved t o  lower s o i l  depths 
a s  the  2 t o  5 inch depth showed no increase.  

Phosphorus 

Before c l ea rcu t t i ng ,  t he  s o i l s  had a h igher  
phssphorns content  i n  t h e  su r f ace  l aye r  than i n  t h e  
2 t o  5 inch depth. Af t e r  t h e  timber was cut  and the  
s i t e s  prepared, however, the d i f ferences  between 
depths became non-signif i c a n t  (Table 1)  . I n  t h i s  
s tudy i t  appeared t h a t  phosphorus increased i n  t h e  
lower depth a s  a r e s u l t  of leaching  from t h e  sur face ,  

Table I.-- S o i l  c h a r a c t e r i s t i c s  before  c l e a r c u t t i n g  C1972) and a f t e r  s i t e  prepara t ton  61974). 

S i t e  t reatments 
S o i l  

S o i l  Depth Control  Burn Chop KG 

Cha rac t e r i s t i c s  ( i n )  1972 1974 1972 19 74 1972 1974 1972 19 74 

Organic Matter  0-2 5.8 5.2 5.3 5.6 5.7 4.4 6,O 3.6 
(percent)  2-5 2.8 2.5 2.4 2.6 2.7 2.6 3.0 2.0 

Phosphorus 0-2 6.5 5.2 5.4 6.4 4.0 4.4 4.7 5,5 
( P P ~ )  2-5 3.7 4.6 3.5 4.6 1.9 4.0 2.0 5.8 

Potassium 0-2 39.3 39 . 9 30.7 38.9 30.8 34.2 31.2 34.2 
(PP) 2-5 16.3 19.7 16.9 18.4 18.9 19.4 17.5 18,7 



I n  1972,  t he  p l o t s  t o  be chopped and KG 
bladed w e r e  s i g n i f i c a n t l y  lower i n  phosphorus than 
t h e  c o n t r o l  and burn p l o t s ,  bu t  t he  reason why was 
n o t  obvious.  I n  1974, phosphorus had increased on 
a l l  t rea tnrents  except t h e  con t ro l ,  and treatment 
d i f f e r e n c e s  were s t i l l  s i g n i f i c a n t .  The g r e a t e s t  
i nc rease  in phosphorus occurred on t h e  burned 
p l o t s ,  probably  because of t h e  phosphorus re leased  
i n  burnfng, The i n t e r a c t i o n s  of  depth x t r e a t -  
ments were not  s i g n i f i c a n t  i n  e i t h e r  1972 o r  1974. 

Potassium 

Potassium content  of t h e  s o i l  was con- 
s i s t e n t l y  h i g h e r  i n  t he  sur face  than i n  t he  2 t o  
5 inch d e p t h  (Table 1 )  . For an a s  y e t  unknown 
reason i t  was higher,  too,  i n  t he  su r f ace  s o i l  of 
t h e  c o n t r o l  p l o t s  than on t h e  o the r  p l o t s  i n  1972. 
Af ter  s i te  prepara t ion  the  treatment d i f ferences  
were no l o n g e r  s i g n i f i c a n t .  This d i f ference  i n  
potassium between years  was s i g n i f i c a n t  i n  t h e  
su r f ace  s o i l ,  bu t  not  i n  t he  2 t o  5 inch depth, 
i nd i ca t ing  g rea t e r  i nc reases  i n  t he  sur face  bet-  
ween yea r s ,  The depth x treatment i n t e r a c t i o n  was 
non-s igni f icant  i n  both years.  

Calcium 

Calcium content  was s i g n i f i c a n t l y  g r e a t e r  
i n  t he  su r f ace  s o i l  than i n  t h e  2 t o  5 inch  depth 
i n  both 1972 and 1974 (Table 1) .  Calcium contents  
a t  both s o i l  depths were no t  s i g n i f i c a n t l y  d i f -  
f e r en t  between p l o t s  before  c u t t i n g  and s i t e  treat- 
ments, However, d i f f e r ences  i n  calcium l e v e l s  bet- 
ween t rea tments  were s i g n i f i c a n t  f o r  t he  su r f ace  
s o i l  l a y e r  i n  1974 a s  a r e s u l t  of increases  on the  
con t ro l  and  burned p l o t s  and s l i g h t  decreases on 
t h e  chopped and KG bladed p lo t s .  

Magnesium 

Magnesium content  was approximately two 
times h i g h e r  i n  t he  su r f ace  s o i l  than i n  t h e  2 t o  
5 inch depth  (Table 1)  . I n  1972, magnesium content  
was s i g n i f i c a n t l y  h igher  on t h e  con t ro l  p l o t s  
than on any o thers .  I n  1974, t h e  KG bladed p l o t s  
had the  lowest  content  of  magnesium i n  t h e  su r f ace  
s o i l ,  probably because raking  the  logging s l a s h  
o f f  t he  p l o t s  removed organic  matter .  

Nutrient  Rela t ionships  

S-le l i n e a r  regress ions  i nd i ca t ed  t h a t  
organic  ma t t e r  was s i g n i f i c a n t l y  r e l a t e d  t o  
calcium, magnesium, and potassium content  of  the 
s o i l .  Other s t u d i e s  have a l s o  shown t h e  c lo se  re-  
l a t i o n s h i p  between organic  ma t t e r  and minera l  con- 
t e n t  of  coarse-textured s o i l s  (Wilde 1946). The 
increase  o f  phosphorus, potassium, calcium, and 
mgnesiunt. i n  t he  0 t o  2 inch l a y e r  of  s o i l  corrobo- 
r a t e s  s t u d i e s  which i n d i c a t e  t h a t  f i r e  b e n e f i t s  
t h e  s o i l  n u t r i e n t  regime i n  southern upland 
f o r e s t s  (Hoehring e t  a l .  1966, Stone 1971, Wells 
1971) . 

However, de sp i t e  of t h e i r  genera l ly  lower 
n u t r i e n t  r e g b e  and h igher  s o i l  bulk dens i ty  
(Stransky 1981), t h e  p lanted  p ines  survived and 
grew bes t  on the  mechanically prepared s i t e s  where 
competing vegeta t ion  was e f f e c t i v e l y  reduced 
(Stransky and Ha l l s  1981). 
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1 / 
INTENSIVE ImOLE-TREE HARVESTING AS A SITE PREPARATION TECHNIQUE- 

2 / James W .  McMinw 

Abstract.--Whole-tree h a r v e s t i n g  f o r  f u e l  c h i p s  can 
c r e a t e  b e t t e r  s i t e  condi t ions  f o r  regenera t ing  d e s i r a b l e  
s p e c i e s  than does c l e a r c u t t i n g  f o r  convent iona l  wood produc ts .  
In  mixed hardwood-pine s t a n d s  of t h e  Upper Piedmont, a l l  woody 
biomass was removed down t o  1-inch o r  4-inch diameter  l i m i t s  
i n  both win te r  and summer. The 1-inch l i m i t  h a r v e s t  exposed 
twice a s  much minera l  s o i l  a r e a  a s  t h e  4-inch l i m i t  h a r v e s t  i n  
both seasons ,  and t h e  w i n t e r  h a r v e s t  exposed 16 percen t  more 
minera l  s o i l  than the  summer h a r v e s t  a t  both i n t e n s i t i e s .  
Hardwood s p r o u t i n g  was most p r o l i f i c  a f t e r  t h e  1-inch w i n t e r  
h a r v e s t  and l e a s t  p r o l i f i c  a f t e r  t h e  4-inch summer h a r v e s t .  
Adequate s tock ing  of p i n e  s e e d l i n g s  was ob ta ined  by t h e  seeds- 
in-place technique a f t e r  t h e  w i n t e r  h a r v e s t .  

INTRODUCTION 

During t h e  p a s t  t h r e e  decades t h e  c o s t  of s i t e  
p r e p a r a t i o n  has increased  more than t h e  c o s t  of any 
o t h e r  widespread f o r e s t r y  p r a c t i c e  i n  t h e  South. 
The i n c r e a s e  averaged 11.9 p e r c e n t  annua l ly  f o r  t h e  
per iod  1952-1979, w h i l e  t h e  annual  i n c r e a s e  i n  t h e  
wholesa le  p r i c e  index was 3.2 p e r c e n t  (Moak 1982). 
This  i n c r e a s i n g  r e a l  c o s t  co inc ided  wi th  a  growing 
formal  r e c o g n i t i o n  t h a t  more p r e p a r a t i o n  w i l l  be 
r e q u i r e d  t o  main ta in  sou thern  f o r e s t l a n d s  i n  a com- 
m e r c i a l l y  p roduc t ive  s t a t e  (Boyce and McClure 1975,  
Soc ie ty  of American F o r e s t e r s  1979). Whole-tree 
chipping f o r  f u e l  could e l i m i n a t e  t h i s  dilemma. 
Fuel  c h i p  product ion is economically f e a s i b l e  because 
i t  p e r m i t s  removal of s o  much more m a t e r i a l  than  
convent iona l  h a r v e s t i n g  and i t  has  t h e  p o t e n t i a l  f o r  
reducing o r  e l i m i n a t i n g  t h e  need f o r  s i t e  p r e p a r a t i o n  
( B u t t s  and Pres ton  19 79) . McGee (1980) found i n  a  
s tudy  on t h e  Cmberland P l a t e a u  t h a t  whole-tree har-  
v e s t i n g  of a l l  m a t e r i a l  4 inches  and l a r g e r  could be 
fol lowed by s u c c e s s f u l  p i n e  p l a n t i n g  o r  d e s i r a b l e  
hardwood s p r o u t  r e g e n e r a t i o n ,  a l though  f u r t h e r  s i t e  
p r e p a r a t i o n  o r  r e l e a s e  might be  necessary .  Four 
inches  i s  a g e n e r a l l y  accepted lower l i m i t  f o r  f u e l -  
wood h a r v e s t i n g ,  b u t  even s m a l l e r  l i m i t s  might be  
p r a c t i c a l  i f  b e t t e r  s i t e  p r e p a r a t i o n  were e f f e c t e d .  

The o b j e c t i v e  of t h e  work r e p o r t e d  h e r e  was t o  
compare t h e  e f f e c t s  of season  and i n t e n s i t y  of 
whole- tree h a r v e s t i n g  i n  mixed hardwood-pine s t a n d s  
of the Upper Piedmont on t h e  s i t e  and t h e  subsequent  
s tand .  This  is one phase of a broader  s tudy  wi th  

&'Paper p resen ted  a t  Second Biennia l  Southern 
S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  GA, 
November 4-5, 1982, 

/Research Fares  ter, USDA, Fores  t Serv ice ,  
Southeas te rn  F o r e s t  Experiment S t a t i o n ,  F o r e s t r y  
Sciences Laboratory,  Athens, GA, 

s e v e r a l  o b j e c t i v e s ,  inc lud ing  t h e  e f f e c t s  on s i t e  
p r o d u c t i v i t y  (NcMinn and Nut te r  198P, NcNab and 
McWnn 1982). Mineral  s o i l  exposure and hardwood 
sprou t  regrowth were used a s  i n d i c e s  of s i t e  prepa- 
r a t i o n  success .  Exposed s o i l  and minimal s p r o u t  
growth favor  r e g e n e r a t i o n  of p i n e s  (Langdon 1981) 
and r e l a t i v e l y  i n t o l e r a n t  hardwoods (Smith 1980) 
t h a t  a r e  more d e s i r a b l e  than t h e  t o l e r a n t  hardwoods 
dominating t h e  upland s i t e s  s t u d i e d .  

METHODS 

The s tudy  was conducted on t h e  Dawson F o r e s t ,  
l o c a t e d  i n  t h e  Upper Piedmont of Georgia rJNE of 
A t l a n t a ,  and managed by t h e  Georgia F o r e s t r y  Com- 
mission.  S o i l s  a r e  Fannin f i n e  sandy loam and 
Tal lapoosa f i n e  sandy loam. The s i t e  r e v e r t e d  t o  
f o r e s t  fol lowing a g r i c u l t u r a l  abandonment e a r l y  i n  
t h e  cen tury .  P r i o r  t o  t h e  r e l a t i v e l y  r e c e n t  c o n t r o l  
by t h e  C o m i s s i o n ,  t h e  timber s t a n d s  on t h i s  s i t e  
had been high-graded f o r  both p ine  and hardwood, 
l e a v i n g  s t a n d s  w i t h  i n s u f f i c i e n t  merchantable  volumes 
f o r  p r o f i t a b l e  convent iona l  logging.  The  hardwood 
component was comprised p r i m a r i l y  of c h e s t n u t  oak 
(Quercus p~znus  L.)  , n o r t h e r n  red oak (G. rubra L,), 
p o s t  oak (Q. s t e z la ta  Wangenh,) , s c a r l e t  oak (B. 
ccccinea Muenchh.), sou thern  r e d  oak (&. ,l"aZcata 
Nichx.) ,  and h ickory  ( C a q a  spp . ) .  The pine com- 
ponent was p r i m a r i l y  l o b l o l l y  (P-ixnus taeda L.) and 
s h o r t l e a f  (P, eehinata M i l l , ) .  Basal  a r e a  averaged 
approximately 100 s q u a r e  f e e t  p e r  a c r e ,  of which 
about  65 p e r c e n t  was hard  hardwood, 10 p e r c e n t  soft 
hardwood, and 25 percen t  was pine .  Diameters ranged 
from 1 t o  20 i n c h e s  f o r  hard hardwoods, 1 t o  I 6  
inches  f o r  s o f t  hardwoods, and 1 t o  14 i n c h e s  for 
pine .  There were approximately 980 stems p e r  acre 
f o r  a l l  s p e c i e s  combined. Nearly 80 p e r c e n t  of 
t h e s e  stems were s m a l l e r  than 4.5 inches  d.b.h,  b u t  
t h i s  component accounted f o r  only 26 p e r c e n t  of the 
t o t a l  b a s a l  a r e a  p e r  a c r e .  

Georgia F o r e s t r y  C o m i s s i o n  crews accomplished 
t h e  h a r v e s t i n g  t rea tments  w i t h  a t y p i c a l  whole- tree 



system comprised of s m a l l  fe l l e r -bunchers ,  grapple-  
sk idders  , and an  18-inch disk-type ch ipper .  Har- 
v e s t i n g  was done t o  4-inch o r  1-inch d.b.h. l i m i t s  
i n  both w i n t e r  and summer. Harvest ing was completed 
i n  January and June of 1980. Each combination of 
season and i n t e n s i t y  was r e p l i c a t e d  t h r e e  times i n  
a  completely randomized des ign .  Logging p l o t s  were 
1 a c r e  i n  s i z e ,  and d e t a i l e d  observa t ions  and Sam- 
p l i n g  were confined t o  t h e  i n t e r i o r  ha l f -ac re  of 
each 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  from 
about  6 7  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  approximately 20 p e r c e n t  l e s s .  

Logging d i s t u r b a n c e  was es t imated  on a  180- 
p o i n t  g r i d  on  each p l o t .  The g r i d  cons i s ted  of a  
p o i n t  every 2 f e e t  a long t h r e e  l i n e  t r a n s e c t s  b i -  
s e c t i n g  t h e  measurement p l o t s  a t  quar te r - ,  ha l f - ,  
and th ree-quar te r  i n t e r v a l s .  Each p o i n t  was c l a s s i -  
f i e d  e i t h e r  as (1) undis tu rbed ,  (2)  minera l  s o i l  
exposed b u t  n o t  s c a r i f i e d ,  o r  (3) s o i l  s c a r i f i e d .  
Analysis  of v a r i a n c e  was performed on a r c s i n e  t r a n s -  
fo rmat ions  of  t h e  percentage of p o i n t s  f a l l i n g  i n  
t h e  l a s t  ca tegory  and t h e  l a s t  two c a t e g o r i e s  com- 
bined.  Sprout  regrowth was c h a r a c t e r i z e d  by a  100 
percen t  inven tory  of s p r o u t  clumps i n  October of 
1981. Height  of t h e  t a l l e s t  s p r o u t  and average 
diameter  a t  t h e  wides t  h o r i z o n t a l  spread were re- 
corded 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  a c r e ,  based on v e r t i c a l  
p r o j e c t i o n s  of clump diameter ,  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 .  I n  A p r i l  1981 m i l a c r e  p l o t s  
a t  10-foot i n t e r v a l s  a long t h e  l i n e  t r a n s e c t s  were 
examined f o r  p ine  s e e d l i n g  s tock ing .  

RESULTS AND DISCUSSION 

There was no s i g n i f i c a n t  d i f f e r e n c e  among 
t rea tments  i n  t h e  percen t  a r e a  s c a r i f i e d  ( t a b l e  1 ) .  
Overa l l ,  approximately 16 p e r c e n t  of t h e  a r e a  was 
s c a r i f i e d ,  and t rea tment  means ranged on ly  from 1 3  
t o  19 p e r c e n t .  There were, however, s i g n i f i c a n t  
d i f f e r e n c e s  bo th  due t o  season  and i n t e n s i t y  i n  t h e  
a r e a  of minera l  s o i l  exposed by t h e  logging ( t a b l e  2 ) .  
There was twice  a s  much s o i l  exposure i n  p l o t s  har-  
v e s t e d  t o  a  1-inch l i m i t  a s  i n  p l o t s  h a r v e s t e d  t o  a 
4-inch l i m i t  i n  bo th  w i n t e r  and summer. P ine  seed- 
l i n g  s t o c k i n g  i n  A p r i l  1981 was s i g n i f i c a n t l y  i n f l u -  
enced by h a r v e s t  i n t e n s i t y .  A f t e r  w i n t e r  logging 
t o  a  I-inch l i m i t ,  94 p e r c e n t  of t h e  m i l a c r e s  were 
s tocked w i t h  n a t u r a l  p i n e  r e g e n e r a t i o n ,  whereas har- 
v e s t i n g  t o  a  4-inch l i m i t  r e s u l t e d  i n  62 percen t  
s tock ing  (which i s  s t i l l  adequate by most s t a n d a r d s ) .  
Th is  f i n d i n g  i s  c o n s i s t e n t  w i t h  Pomeroy's (1949) 
conc lus ion  t h a t  a  minera l  s o i l  seedbed s u b s t a n t i a l l y  
enhances l o b l o l l y  s e e d l i n g  es tab l i shment .  Logging 
i n  w i n t e r ,  when condi t ions  were and normally a r e  
w e t t e r  than i n  summer, r e s u l t e d  i n  approximately 15  
percen t  more s o i l  exposure than  summer logging a t  
both h a r v e s t  i n t e n s i t i e s .  No n a t u r a l  p ine  regenera- 
t i o n  occurred a f t e r  t h e  summer logging,  because i n  
t h i s  s tudy  p i n e  r e g e n e r a t i o n  depended on t h e  "seeds- 
in-place" technique descr ibed  by L o t t i  (1961). The 
technique c o n s i s t s  of removing a  mature s t a n d  from 
which adequate v i a b l e  s e e d s  have r e c e n t l y  f a l l e n .  

Area l  coverage of s p r o u t  regrowth was s i g n i f i -  
c a n t l y  a f f e c t e d  by both season  and i n t e n s i t y  of 
h a r v e s t i n g  ( t a b l e  3 ) .  Sprout  coverage averaged 
almost  70 percen t  g r e a t e r  on winter-  than  on 
summer-logged p l o t s .  P a r t  of t h i s  d i f f e r e n c e  may 

Table 1.--Summary of a n a l y s i s  of v a r i a n c e  r e s u l t s  
( * * = 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 h e  . O 1  l e v e l ,  
* = 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 h e  .05 l e v e l ,  
NS-nonsignificant) 

Soi  1 Sprout ing  
Source of S c a r i f  i- 
v a r i a t i o n  Exposure c a t i o n  Coverage Height  

Season * N S * * 
I n t e n s i t y  * .8: NS * NS 
S X I  NS EaS NS PIS 

Table 2.--Percent a r e a  over  which minera l  s o i l  was 
exposed by season and i n t e n s i t y  of whole-tree 
h a r v e s t i n g  ( s tandard  d e v i a t i o n s  i n  paren theses )  - - .- 

Diameter 
Season 

l i m i t  
( inches)  Winter Summer Mean 

Mean 52.7 45.6 

Table 3.--Sprout coverage p e r  a c r e  by season and 
i n t e n s i t y  of whole- tree h a r v e s t i n g  ( s t a n d a r d  
d e v i a t i o n s  i n  paren theses )  

Diameter 
l i m i  t Seas on 

( inches)  Winter Summer Mean 

- - - - -  2 - F t  /acre - - - - - - - 

Mean 5080 3021 

be  a t t r i b u t e d  t o  t h e  two f u l l  seasons of re-  
growth on t h e  w i n t e r  t rea tment  and only one-and- 
a-half seasons  on t h e  summer t rea tment .  However, 
i t  is u n l i k e l y  t h a t  a l l  of t h e  d i s p a r i t y  was be- 
cause of t h e  f r a c t i o n a l  d i f f e r e n c e  i n  growing 
seasons,  and observa t ions  w i l l  b e  made dur ing  t h e  
nex t  few y e a r s  t o  determine i f  t h i s  r e l a t i o n s h i p  
h o l d s  over  time. Belanger (1979) repor ted  t h a t  
coppice growth of sycamore (P la tanus  o c c i d e n t a l i s  
L.) i n  t h e  Georgia Piedmont was more p r o l i f i c  
a f t e r  w i n t e r  h a r v e s t i n g  than  a f t e r  summer 
h a r v e s t i n g .  

Harvest  i n t e n s i t y  a l s o  had a  s i g n i f i c a n t  
e f f e c t  on s p r o u t  coverage. The 1-inch l i m i t  re-  
s u l t e d  i n  1-112 t imes t h e  coverage of t h e  4-inch 
l i m i t  a f t e r  w i n t e r  logging and almost  twice t h e  
coverage a f t e r  summer logging.  Sprout ing of s m a l l  
stumps c o n t r i b u t e d  l i t t l e  t o  a r e a l  coverage on t h e  
most i n t e n s i v e l y  logged t rea tments .  Therefore,  t h e  
d i f f e r e n c e  by logging i n t e n s i t y  was a t t r i b u t e d  p r i -  
mar i ly  t o  compet i t ion  from t h e  r e s i d u a l  s t a n d  of 
smal l  stems. S ince  t h i s  compet i t ion  w i l l  l i k e l y  
a f f e c t  i n t o l e r a n t  s e e d l i n g s  more than  s p r o u t s ,  p i n e  
s e e d l i n g  s t o c k i n g  is  expected t o  d e c l i n e  on t h e  
4-inch l i m i t  t r ea tment .  



yean sprou-c l i e igk t  varied l i t t l e  among t r e a t -  
ments ( t a b l e  4 ) ;  sprouts a f t e r  winter logging were 
s l i g h t l y  but  significantly taller than those  a f t e r  
sumer  l ogg ing ,  This  difference was Less than 10 
percent,  and i t  is  a t t r i b u t e d  t o  the f r a c t i o n a l  d i f -  
f e r e n c e  in growing seasons between t rea tments ,  

Tab le  4,---Mean s p r o u t  h e i g h t  by season and i n t e n s i t y  
s f  whole---tree harvesting ( s tandard  d e v i a t i o n s  of 
nean p l o t  values in parentheses) 

Diameter 
Season 

liai t 
( inches)  Winter Summer Mean 

- - - - - - - P e e s - - - - - - - -  

Mean 6 , 3  f,8 

Although a d d i t i o n a l  observa t ions  w i l l  be  re -  
qu i red  t o  assess the  need for reducing competi t ion,  
the  site p r e p a r a t i o n  effects are e v i d e n t  a f t e r  2 
y e a r s ,  S i t e  preparation on Upper Piedmont s o i l s  is 
s u b s t a n t i a l l y  better when whole-tree h a r v e s t i n g  i s  
done t e  a I - inch  l i m i t  r a t h e r  than a 4-inch l i m i t ,  
This improvement i n  s i t e  p r e p a r a t i o n  is  needed f o r  
i n t o l e r a n t  s p e c i e s  r e q u i r i n g  a  minera l  s o i l  seedbed. 
Harves t ing  t o  a 1-inch l i m i t  d u r l n g  w i n t e r s  fo l lowing  
an adequate p ine  seed crop provides a good chance 
for s u c c e s s f u l  n a t u r a l  regenera t ion .  However, i f  
t h e  p r e s c r i p t i o n  invaXves d i r e c t  seeding o r  p l a n t -  
ing, a summer harvest ks a 1-inch l i m i t  i s  recom- 
mended because  harvesting during that per iod  tends 
t o  minimize regrowth s f  competing s t m p  s p r o u t s ,  
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GROWTH OF YOUNG LONGLEAF PINE AS AFFECTED BY 

BIENNIAL BURNS PLUS CHEMICAL OR MECHANICAL TREATMENTS 

FOR COMPETITION CONTROLL/ 
21 Wi l l i am  D. Boyer- 

Abstract.--A study o f  t he  e f f e c t s  o f  unders to ry  c o n t r o l  
t reatments on the  growth o f  sap l ing  l ong lea f  p i ne  was begun 
i n  1973. Four burning treatments were combined w i t h  each o f  
t h r e e  supplemental t reatments.  A f t e r  7 years, p ine  growth 
was no t  improved by  c u l t u r a l  treatments. Growth was s i g n i -  
f i c a n t l y  b e t t e r  on unburned than burned p l o t s ,  wh i l e  supple- 
mental t reatments had no e f f e c t .  

INTRODUCTION 

Competing unders to ry  vegetat ion,  p a r t i c u -  
l a r l y  hardwoods and o ther  woody p l a n t  species, 
de te rs  optimum growth o f  ove rs to r y  pine, espe- 
c i a l l y  a t  young ages. C o n t r o l l i n g  t h i s  com- 
p e t i t i o n  i s  the  p r i n c i p a l  o b j e c t i v e  o f  most 
c u l t u r a l  treatments. These inc lude  (1 )  mechani - 
c a l  t reatments,  u s u a l l y  app l ied  t o  prepare t he  
s i t e  be fo re  regenerat ion,  ( 2 )  herbic ides,  which 
may be app l ied  f o r  s i t e  p repara t ion  o r  t o  re lease  
p ines f rom compet i t ion and (3 )  p rescr ibed  f i r e  
which, i f  r e g u l a r l y  appl ied,  can prevent or 
r e t a r d  t he  encroachment o f  hardwoods i n t o  p i ne  
stands. Except f o r  f i r e ,  these treatments are 
expensive, bu t  t h e i r  cos t  i s  j u s t i f i e d  through 
expected increases i n  volume y i e l ds .  

Pines have responded w i t h  improved growth 
t o  r educ t i on  or e l i m i n a t i o n  o f  understory hard- 
woods, according t o  a number o f  repor ts .  This 
p o s i t i v e  response covers a range o f  s izes  o r  
ages t h a t  inc lude  l o b l o l l y  pines under age 10 
(Cain and Mann 1989, Clason 1978), sap l i ng  
lob101 ly, sho r t l ea f ,  and long lea f  (Loyd e t  a t .  
1978) and a l so  po le  t o  sawlog s i ze  l o b l o l l y  and 
s h o r t l e a f  pines (Bower and Ferguson 1968, Grano 
1970). P o s i t i v e  growth responses are no t  always 
observed. Removal o f  more than 3,800 hardwood 
unders to ry  stems d i d  no t  improve growth o f  pole-  
s i zed  lob101 l y  p i ne  (Russel 1 1961). 

L/paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, A t lan ta ,  Georgia, 
Novem r 4-5, 1982. 

V T h e  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, maintained b y  t he  Southern Fores t  
Experiment S ta t ion ,  Fo res t  Service--USDAY i n  
cooperat ion w i t h  Auburn Un i ve rs i t y .  

Longleaf p i ne  appears t o  be more s e n s i t i v e  
t o  compet i t ion  than other  pines. E l im ina t i on  o f  
understory hardwoods should promote a p o s i t i v e  
growth response i n  long lea f  a t  l e a s t  as g rea t  as 
t h a t  observed i n  other  pines. L i t t l e  i n f o rma t i on  
i s  ava i l ab le  on long lea f  growth response t o  com- 
p e t i t i o n  c o n t r o l  beyond the  seedl ing stage. 
Treatment o f  grass-stage long lea f  stands w i t h  
2,4,5-T app l ied  f rom the  a i r  r e s u l t e d  i n  g rea te r  
average he igh t  and 40 percent more merchantable 
volume a f t e r  20 years than s i m i l a r  untreated 
stands (Michael 1980). Whether t h i s  growth d i f -  
f e r e n t i a l  r e s u l t e d  f rom e a r l i e r  i n i t i a t i o n  o f  
he igh t  growth by t r ea ted  stands, o r  b e t t e r  growth 
through t he  e n t i r e  per iod,  o r  both, i s  unknown, 

A s tudy  was i n i t i a t e d  i n  1973 on t he  
Escambia Experimental Fores t  i n  South Alabama t o  
determine t he  e f f e c t s  o f  repeated understory 
compet i t ion c o n t r o l  treatments on understory 
s t r u c t u r e  and biomass, and growth o f  a 12-year- 
o l d  long lea f  p i ne  overstory.  

METHODS 

The study i s  loca ted  on sandy upland s o i l s  
o f  t he  middle coasta l  p l a i n .  The predominant 
s o i l  se r i es  i n  a l l  s tudy b locks i s  Troup 
although some Wagram and Dothan so i  1s are a l so  
present. 

Three s tudy  b locks,  each comprised o f  12 
square 0.4-acre p l o t s ,  were es tab l i shed i n  r e1  a- 
t i v e l y  uniform, even-aged stands o f  young long- 
leaf  p ine.  A 0.1 acre ne t  p l o t  was centered i n  
each 0.4-acre t reatment  p l o t .  The stands 
o r i g i na ted  f rom the  1958 seed crop and were 
re leased f rom the  parent  overs to ry  dur ing  t he  



win te r  o f  1961. Dated from ove rs to r y  removal, 
stands were 12 years o l d  a t  s tudy establ ishment 
i n  1973. A l l  p l o t s  were th inned t o  500 dominant 
p ines per acre, and 50 pines i n  each 0 - l - a c r e  
ne t  p l o t  were numbered, and t o t a l  he igh t  and 
diameter a t  b reas t  he igh t  (d,b.h.) recorded. 
I n d i v i d u a l  t r e e  i ns i de  bark t o t a l  cubic f o o t  
volume was obta ined f rom he igh t  and d.b.h. using 
a l ong lea f  p i ne  volume t a b l e  (Fa r ra r  1981). A t  
age 12, p ines averaged 3.2 inches d.b.h., 22.6 
f e e t  i n  t o t a l  height ,  w i t h  a dens i t y  o f  30.1 ft 
basal arealacre.  

Twelve t reatment  combinations were randomly 
assigned among the  12 p l o t s  i n  each b lock.  Four 
burn ing  t reatments inc lude  prescr ibed  f i r e  a t  
two-year i n t e r v a l s  i n  w in te r ,  spr ing ,  sumner 
and unburned check. Combined w i t h  each burning 
t reatment  were t h ree  supplemental treatments. 
These were chemical t reatment  o f  a l l  woody stems 
w i t h  2,4-D a t  t ime o f  s tudy  establ ishment, 
handclear ing o f  a l l  woody vegeta t ion  4.5 f e e t  or  
more i n  he igh t  a t  beginning o f  t he  study and a t  
2-year i n t e r v a l s  t he rea f t e r ,  and an un t rea ted  
check. 

A t  s t udy  establ ishment, and be fore  t r e a t -  
ment, t he  composit ion and s t r u c t u r e  o f  under- 
s t o r y  vegeta t ion  was sampled on 9 (3.1- foot  
square) subplots i n  each ne t  p l o t .  The number 
o f  stems and species o f  a1 1 woody p l  ants were 
recorded, as we1 1 as d r y  weights o f  a1 1 woody 
p l an t s  l ess  than 0.5-inch i n  diameter a t  6 
inches above ground. Dry weights were a l so  
obta ined f o r  grasses and grass l i k e s ,  legumes, 
f o rbs ,  and sur face l i t t e r  (a1 1 dead organic 
ma te r i  a1 above mineral  so i  1 ) . 

Pines i n  ne t  p l o t s  were remeasured dur ing  
t h e  w in te r  o f  1980. I n  add i t ion ,  a1 1 hardwoods 
on each n e t  p l o t  i n  t he  2- inch d.b.h. c l ass  and 
l a r g e r  ( 1.5" d.b.h.1 were inventor ied ,  and 
d.b.h. and species recorded. Understory vegeta- 
t i o n  (woody and herbaceous) and l i t t e r  were 
sampled on 9 subplots per p l o t ,  as before.  
Number of woody stems per  subplot  was recorded, 
by  species, i n  two groups: Those above 0.5-inch 
i n  diameter a t  6 inches above ground t o  
1.5-inches d.b.h., and those 0.5-inch i n  
diameter o r  less.  The l a t t e r  were bo th  counted 
and harvested f o r  d r y  weight determinat ion,  

Ana lys is  o f  var iance was used t o  determine 
t reatment  e f f e c t s  on unders to ry  cond i t ions  and 
p i n e  growth. 

RESULTS 

P ine  growth was n o t  improved by any o f  t he  
c u l t u r a l  treatments. To t he  contrary,  p i ne  
he igh t ,  diameter and volume growth were s i g n i f i -  
c a n t l y  b e t t e r  on unburned p l o t s  than on any o f  
t h e  burning treatments. Supplemental t reatments 
had no s i g n i f i c a n t  e f f e c t  on any measure o f  
growl  h, 

Height  growth over t he  7-year per iod  
averaged 19 f e e t  on unburned p l o t s ,  and 17 f e e t  
f o r  each o f  t he  burning treatments. Annual 
d. b. h. growth averaged 0.219" on unburned p l o t s ,  
and ranged f rom 0 .187 '90  0.196" f o r  t he  t h r e e  
burning treatments, and 0.193" t o  0.207" f o r  
supplemental treatments. Annual 3per acre volume 
growth (Table 1 )  averaged 125 ft f o r  t he  go- 
burn t reatments compared w i t h  96 t o  103 f t f o r  

Table 1 .--Understory t reatment  and average annual 
volume growth o f  ove rs to r y  p i ne  over 7 years 

- - 

: Season o f  B ienn ia l  Burn : 

Supplemental : : Average 
Treatment :Winter:Spring :Sumner:None: 

--------- (Cubic feet /acre)- - - - - - - -  

Chemical 94 91 134 118 109a 
Hand C lear ing  99 104 90 134 107a 
None 111 113 65 125 104a 

Aver age 1022 '  103a 96a 125b 107 

Y c o l u m n  or  row means 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 h e  
.05 l e v e l .  

3  burning and 104 t o  109 f t  f o r  supplemental 
treatments. Merchantable volume growth3(t rees 
over 3.5 inches d.b.h.) averaged 135 ft /acre  
annual 1 y f o r  t he  unburned treaijment , compared 
w i t h  averages o f  103 t o  110 ft f o r  $he t h ree  
burning t reatments and 111 t o  118 f t  f o r  t h e  
t h ree  supplemeqtal treatments. Pine basal area 
averaged 66 ft /acre f o r  ungurned treatments, 
and ranged f rom 54 t o  60 ft2 f o r  t he  burn ing  
treatments, and 58 t o  61 f t  f o r  supplemental 
treatments. 

Growth was l e a s t  under t he  sumner burn- 
chgck t reatment  combinat ion,  an averge o f  65 
ft /acre annua l l y  (Table 1 ) .  Much o f  t h i s  low 
growth can be a t t r i b u t e d  t o  p i ne  m o r t a l i t y .  For 
t he  e n t i r e  s tudy  m o r t a l i t y  averaged 1.6 
t r e e s l p l o t  over t he  7 years, o r  16 t rees  per 
acre. However, losses f o r  t he  summer burn-check 
t reatment  averaged 8.7 t r ees /p l o t ,  about 17 per- 
cent  o f  t he  i n i t i a l  stand. Despite t he  reduc- 
t i o n  i n  stand dens i ty ,  su r v i vo rs  apparen t ly  d i d  
n o t  respond w i t h  increased diameter growth. 
Average annual d,b,h, growth f o r  t h i s  combina- 
t i o n  was 0.176 inches, less  than any o ther  
t reatment  combination. Excluding t he  summer 
burn-check treatment, o v e r a l l  m o r t a l i t y  averaged 
1 t r e e  per p l o t  over 7 years, although h igher  on 
burned (1.2 t r e e s l p l o t )  than unburned (0.4 
t r e e s l p l o t )  treatments. Trees t h a t  d i ed  
averaged about t he  same s i z e  as surv ivors .  I f  
m o r t a l i t y  on t he  th ree  sumner burn-check p l o t s  



had been o n l y  one t r e e / p l o t ,  then  annual volume 
growth (assuming added t r e e s  grew a t  t h e  average 
r a t e )  f o r  t h i s  t rea tment  cgmbinat ion would have 
inc reased  f rom 65 t o  86 f t  , and the3average f o r  
a l l  surmer burn t reatments t o  103 f t  , s i m i l a r  
t o  t h e  o t h e r  two b u r n i n g  t reatments,  

C u l t u r a l  t reatments had a h i g h l y  s i g n i f i -  
c a n t  e f f e c t  on u n d e r s t o r y  hardwood compet i t i on  
(Table 2) .  The chemical and handc lear ing  t r e a t -  
ments e s s e n t i a l  l y  e l i m i n a t e d  l a r g e r  hardwoods. 

Table 2. - -Understory  t rea tment  and number of 
hardwoods l a r g e r  than 1.5 inches d.b,h. 

Season o f  B i e n n i a l  Burn 

Supplemental Average 
Treatment Winter  Spr ing  Sumer  None 

-.-..m------ (Sterns per acre)----------  

C hemi c a l  0 0 10 0 2a 
Hand C l e a r i n g  0 0 8 0 0 a 
None 233 170 97 307 202b 

Average 

1 ' ~ o l u m n  o r  row means f o l l o w e d  b y  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  
.05 l e v e l .  

Among burn ing  t reatments only ,  numbers o f  hard-  
woods (over  1.5 inches d,b,h.) ranged f rom 
971acre w i t h  b i e n n i a l  sumner burns up t o  
307 lac re  on t h e  unburned check. Hardwood basal 
a rea  f o r  t h i s  1 2 t t e r  t rea tment  combinat ion 
averaged 9.7 f t  /acre. A l l  o f  t h e  smaf 1 hard- 
wood t rees(0.5-  t o  1.5- inch d iamete r )  were con- 
f i n e d  t o  t h e  unburned-check t reatment  and 
numbered 1007 stemslacre.  A l l  bu rn ing  and 
supplemental t reatments had e l i m i n a t e d  t h i s  com- 
ponent o f  t h e  understory .  Hardwood t r e e  stems 
l e s s  than 0.5- inch d iameter  6- inches above 
ground were numerous everywhere, averaging over 
11 thousand stemslacre. Woody shrubs c o n t r i  - 
buted an a d d i t i o n a l  average o f  159 thousand 
stemslacre,  C u l t u r a l  t reatments a f f e c t e d  smal l 
stem numbers b u t  n o t  n e a r l y  t o  t h e  e x t e n t  t h a t  
i t  i n f l u e n c e d  t r e e s  above 0.5- inch i n  diameter.  
Dry  weight  o f  smaf 1 woody stems ( 0 ,s- inch) ,  
b o t h  t r e e s  and shrubs combined, was h i g h e s t  on 
unburned-handcleared and unburned-check d rea t -  
ment combinat ions. 

DISCUSS ION 

Resu l ts  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  
b i e n n i a l  bu rn ing  regimes lessened l o n g l e a f  p i n e  
growth. A l l  measures o f  g i n e  growth were s i g n i -  
f i c a n t l y  reduced by burn ing  t reatments,  a l though 

excess ive mortality on the  sumer burn-check 
t rea tment  was p a r t l y  t o  blame, I t  i s  not knogn 
why burn ing  s h o u l d  have reduced the  g rowth  o f  
t h i s  compara t i ve ly  Fire-resistant species, o r  
why j u s t  one o f  the  t h r e e  sumer  burn t reatments 
should have resulted i n  almost h a l f  of a11 
recorded  p i n e  mortality. Recorded f i r e  i n t e n -  
s i t i e s  were r e l a t i v e l y  low, due i n  part t o  lack 
o f  a  heavy fuel  b u i l d - U D  d u r i n g  the  two years 
between burns. 

The supplemental treatments e7 im ina ted  
n e a r l y  a l l  hardwood compet i t i on  above the 
8.5-inch d iameter  class on a17 p l o t s ,  Yet these  
t reatments,  w h i t e  e l i m i n a t i n g  mid-  and under- 
s t o r y  hardwoods, d i d  not  s i g n i f i c a n t l y  improve 
p i n e  growth, Over the F i r s t  7 years o f  t h i s  
study, presence of a hardwood component 
compr is ing ? J  percent o f  t o t a l  p l o t  basal area 
f o r  unburned-check p l o t s  has no t  slowed p i n e  
growth, wh i le  a l l  b i e n n i a l  burn ing  t reatments 
have, Apparent ly ,  under t h e  c o n d i t i a n s  s tud ied ,  
competi t i o n  on u n t r e a t e d  p l o t s  was n o t  g r e a t  
enough t o  adverse ly  a f f e c t  growth  of o v e r s t o r y  
p ine,  None o f  t h e  t rea tment  combinat ions can be 
j u s t i f i e d  on t h e  bas is  of improved p i n e  growth, 
a l though some may be desirable because of o ther  
b e n e f i t s  r e s u l t i n g  f rom changes i n  t h e  s t r u c -  
t u r e  and composi t ion o f  unders to ry  vege ta t ion ,  
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PRESCRIBED BURNING &B NITROCEN 

FERTILIZATIOE OF SLASH PINE 

1 / PLMTATIOKS- 

A.V.  Mollitor, N.B. Cornerford, 

2 1 and R,F. Fisher- 

Abstract.--To examine prescribed fire influences on 
urea fertilization of slash pine plantations, studies were 
established on flatwoods sites in Florida, Georgia, and 
South Carolina. Significant nitrogen fertilization 
responses were observed, and these responses were independ- 
ent of burning regime. Apparezrtly, nitrogen fertilization 
and prescribed burning are compatible silvicultural tools, 

INTRODUCTION 

For a variety of silvicultural and oper- 
ational reasons, many slash pine (Pinus 
elliottii var. slliottii EngeZrn.1 plantations 
are prescribed burned, Burning is often initi- 
ated soon after the trees reach sufficient 
size to be undamaged by Eire. Forest fert- 
ilizstion is an increasingly comon practice 
in slash pine plantations. Hany stands are 
fertilized with phosphorus (P) at time of 
planting and again w2th nitrogen (N) at 
mid-rotation. Alternatively, N plus P may 
be applied at mid-rotation. 

Because both prescribed fire and N ferc- 
ilizers may be applied to stands at about the same 
tine, there is some concern that fire may reduce 
fertilizer effectiveness. Although it is well known 
that fire may volatilize appreciable quantities 
of N (Wells 19711, long term effects on total soil 
N and forest productivity appear negligible (Stone 
1972, Richter et al. 1 9 8 2 ) .  However, burning the 
forest floor and understory vegetation in stands 
recently enriched by fertilization may be dis- 
proportionately wasteful of applied N. 

li Paper presented at Second Biennial 
Southern Sflvicultural Research Conference, 
Atlanta, Georgia, Noveniber 4 - 5 ,  1982, 

2/ CRZFF Program Manager, School of 
~ores: Resources and Conservation, University 
of Florida, Gainesville, FL 32611; Assistant 
Professor, Soil Science Department, University 
of Florida, Gainesville, FL 32611; Department 
Head, Department of Forest Resources, Utah State 
U n i v e r s i t y ,  Logan, UT 8 4 3 2 2 .  

In an effort to determine the cornpatability of 
prescribed burning and N fertilization, a series of 
three studies were initiated by the Cooperative 
Research in Forest Fertilization (CRIFF) program in 
1976. This report summarizes third and fifth year 
measurement results. 

Tests were established in mid-rotation 
slash pine plantations in Nassau County, Florida 
(Test 11, Wayne County, Georgia (Test 3), and in 
Jasper County, South Carolina (Test 5 ) .  Tests 1 
and 5 are on sandy, siliceous, thermic Ultic 
Naplaquod soils and Test 3 is on a sandy, 
siliceous, thermic Aeric Haplaquod. Initial 
stand conditions are indicated in Table 1. 

Table 1.--Initial stand characteristics and 
changes in stocking rate for three burning- 
fertilization trials. 

Initial Stand Conditions Stocking 

Mean Mean Basal Total 
Test & DBK Wt Area Volume Yr0 Yr3 Yr5 

yrs in ft sqftlac cuEt/ac - -stem/ac- - 



Burning and fertilization treatments were 
applied in split-plot designs. Four burning 
treatments were applied in randomized complete 
block designs with three blocks (replications) 
detemined by initial plot basal area. Burning 
treatments were (1) no burn, (2) burn four to five 
months before fertilization, (3) burn five to seven 
months after fertilization, and (4) burn four to five 
months before and two to three years after fert- 
ilization. Main plots were split into two subplots. 
One half was fertilized with 200 pounds N per acre as 
urea, the other half recieved no added N. All plots 
were fertilized with P. Specific treatment sequences 
are presented in Table 2. 

Burning responses were variable (Table 3). 
Test 1 showed decreased diameter growth on burned 
plots, Test 3 showed better five year volume and 
diameter growth on plots burned before fertilization 
than on plots burned after fertilization. Test 5 
showed an early negative effect of fire, but by year 
5 these differences were less obvious. 

Response to N fertilization was significant 
in all cases. FiftP year volume growth was in- 
creased by 13 to 25 percent on fertilized plots, 
or about 30 to 54 cubic feet per acre per year. 
Diameter growth increased 17 to 38 percent (Table 4 ) .  

Table 2.-- Measurement and treatment sequences. 

Test1 Test3 Test5 - - - - - - -  Date - - - - 

Initial Measurement Feb 76 Ear 76 Feb 76 

Burn Before Fert. Feb 76 Jan 76 Mar 76 

Fertilization 1 / 2 1 Jun 7 6  Jun 7 6  Jul 762' 

Burn After Fert. Dec 76 Nov 76 Feb 77 

Second Year Burn Mar 78 Jan 78 Mar 79 

Third Year Measurement Nov 78 Dec 78 Apr 79 

Fifth Year Measurement Mar 81 May 81 Mar 81 

11 200 lb. N/acre as urea, 80 lb. P/acre as CSP - 
2/  200 lb. N/acre as urea, 100 Ib. P/acre as CSP - 
31 200 lb. N/acre as urea, 50 lb. P/acre as CSP - 

Three and five growing seasons after fert- 
ilization, heights and breast-height diameters of 
trees on measurement plots were taken (Table 2). 
Total outside-bark volumes to a 3-inch top were 
determined using the equation of Bennet et al. 
(1959). Effects of burning and fertilization and 
their interaction on volume and diameter growth 
were evaluated by analysis of covariance using 
initial volumes and diameters, respectively, as 
covariates (Freund and Littell 1981). Single 
degree of freedom contrasts were used to compare 
(1) no burning with the average effect of burning 
treatments 2-4, (2) treatment 2 with treatment 3, 
and (3) the average effect of treatments 2 and 3 
with treatment 4. Per-acre volume growth was 
estimated by multiplying adjusted mean tree volume 
growth by a single average number of trees per acre 
for each test (Table 1). 

RESULTS 

In no case was the burning-by-fertilization 
interaction significant (Table 3). This indicates 
that burning and fertilization responses were 
independent of one-another and can therefore be 
examined separately. 

Figure 1 illustrates three- and five- year 
per-acre volume growth for individual burning 
and fertilization conbinations. Response to N is 
apparent across all burning treatments. For Tests 1 
and 5, the general decrease in growth with burning 
can be seen. In Test 3, the superiority of volume 
growth for the before-fertilization burn is evident. 
Also, in contrast to Test 1 and 5, Test 3 shows an 
increase in growth in years 3-5 over that observed 
in years 0-3. 

CONTROL BaORE AFTER BEFORE 
a 

AFTER 

BURNING TREATMENTS 

Figure 1,--Three-and five-year per-acre adjusted 
mean volume growth for individual burning- 
fertilization combinations. Horizontal lines 
within bars indicate third year means. 



Table 3,-- Resu l t s  of ana lyses  of covariance of t h i r d  and f i f t h  year  i nd iv idua l  t r e e  volume growth and 
diameter  growth. 

Volume Growth Diameter Growth 

Tes t  1 Tes t  3 Tes t  5 Tes t  1 Tes t  3 Tes t  5 

Source of Va r i a t i on  d.f 

Main P l o t s  
Rep l i c a t i on  

Burning 

S p l i t  P l o t s  
F e r t i l i z a t i o n  

Burn x Fe r t .  

- - - - - - - - - - - -  -P robab i l i t y  of g r e a t e r  F- - - - - - - - - - - - - 

Con t r a s t s  
Cont ro l  vs .  Burned 1 .41 .27 .02 .14 .08 ,33 .20 .08 .78 .31 .06 .12 

Before vs .  Af t e r  1 .42 .48 .lo .02 .15 .66 .19 .49 .40 .02 .22 -40 

Once v s .  Twice 1 .71 .64 .48 .35 .89 .39 .86 .83 .08 .70 .65 .36 

Table 4.--Three and f i v e  year  i nd iv idua l  t r e e  ad jus ted  mean t o t a l  volume growth and diameter growth f o r  
burning and f e r t i l i z a t i o n  t rea tments .  

Volume Growth Diameter Growth 

Tes t  1 Tes t  3 Tes t  5 Tes t  1 Tes t  3 Tes t  5 

Y r  3 Y r  5 Y r  3 Y r  5 Y r  3 Y r  5 -- -- -- Y r  3 Y r  5 Y r  3 Y r  5 Y r  3 Y r  5 -- -- -- 
- - - - cubic f e e t  per  t r e e -  - - - - - - - - - - -inches- - - - - - - - - 

Burning Treatments 
No Burn 1.42 2.51 1.10 3.18 1.51 2.17 .6 1.1 .5 1.2 .8 1.1 

Before F e r t i l i z a t i o n  1.28 2.10 1.27 3.75 1.07 1.73 .5 .9 .5 1.4 .6 .9 

Af te r  F e r t i l i z a t i o n  1.40 2.32 1.17 3.18 1.34 1.88 .6 .9 .5 1.2 .7 1.0 

Before and Af t e r  1.30 2.32 1.26 3.32 1.22 2.05 .5 .9 .6 1.3 .7 1.0 

F e r t i l i z e r  Treatments 
Mo Nitrogen 1.20 2.06 1.11 3.15 1.16 1.80 .5 .8 .5 1.2 .6 .9 

200 l b .  N f  ac r e  1.50 2.57 1.30 3.57 1.41 2.15 .6 1.1 .6 1.4 .8 1.1 



LITERATURE CITED 

Burning e f f e c t s  were g e n e r a l l y  v a r i a b l e  and 
small .  F o r  t h e  two t e s t s  showing n e g a t i v e  burning 
e f f e c t s ,  i s  n o t  known i f  t h e  cause  was an  o v e r a l l  N 
l o s s  o r  d i r e c t  t r e e  i n j u r y .  Damage t o  t h e  s t a n d  
however, appeared minimal, The p o s i t i v e  burning 
e f f e c t s  i n  Tes t  3 could be  due t o  competing vegeta-  
t i o n  c o n t r o l  o r  t o  response t o  n u t r i e n t s  r e l e a s e d  
by burn ing ,  The i n c r e a s i n g  growth r a t e s  i n  y e a r s  
3-5 s u g g e s t  t h a t  t h i s  s t a n d  may have been P 
d e f i c i e n t .  It i s  u n f o r t u n a t e  t h a t  q u a n t i t a t i v e  
i n f o m a t i o n  on f i r e  i n t e n s i t y  and competing vegeta-  
t i o n  a r e  n o t  a v a i l a b l e  f o r  t h e s e  s t u d i e s .  Some 
of t h e  observed growth response v a r i a t i o n  could 
be due t o  burn-to-burn v a r i a t i o n  i n  i n t e n s i t y  and 
e f f i c i e n c y .  

Ni t rogen  responses observed i n  t h e s e  t e s t s  a r e  
t y p i c a l  o f  s l a s h  p i n e  p l a n t a t i o n s  on f la twoods s o i l s  
( F i s h e r  and Garbe t t  1980). It is  of p r a c t i c a l  impor- 
t ance  t o  n o t e  t h a t ,  a s  evidenced by t h e  l a c k  of a 
b u r n i n g - b y - f e r t i l i z a t i o n  i n t e r a c t i o n ,  p r e s c r i b e d  
burning w i t h i n  s i x  months of u r e a  a p p l i c a t i o n  h a s  no 
a p p r e c i a b l e  e f f e c t  on t h i s  response.  Thus, e a r l y  
summer f e r t i l i z a t i o n  and w i n t e r  burn ing ,  e i t h e r  
b e f o r e  o r  a f t e r  f e r t i l i z a t i o n ,  appear  compatible. 

It remains t o  be s e e n  i f  burning more c l o s e l y  
t o  t ime of f e r t i l i z a t i o n  might s i g n i f i c a n t l y  a f f e c t  
N response.  I n  t h e s e  s t u d i e s ,  t h e  s i x  month per iod  
between N a p p l i c a t i o n  and p o s t - f e r t i l i z a t i o n  burning 
was undoubtedly long enough t o  avoid s i g n i f i c a n t  
v o l a t i l i z a t i o n  of a p p l i e d  N .  The q u a n t i t y  of 
app l ied  N r e t u r n e d  t o  t h e  f o r e s t  f l o o r  i n  needle- 
f a l l  and v o l a t i l i z e d  by second-year burns was most 
l i k e l y  smal l .  

CONCLUSION 

C a r e f u l l y  planned p r e s c r i b e d  burning of 
s l a s h  p i n e  p l a n t a t i o n s  should n o t  i n t e r f e r e  wi th  
n i t r o g e n  f e r t i l i z a t i o n .  S i g n i f i c a n t  growth re-  
sponses t o  N a p p l i c a t i o n s  a r e  common on f la twoods 
s o i l s ,  and i n  a d d i t i o n  t o  i n c r e a s i n g  o v e r a l l  growth 
r a t e s ,  t h e s e  responses may compensate f o r  any smal l  
growth l o s s e s  a s s o c i a t e d  w i t h  burning.  
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MAk" BmMS BE'NEFIT SURVIVAL AMI) GWW4"H OF LONGLEAF PIm SEEDLINGSL/ 

Abstract.--Three replications of annual and bien- 
nial March and May burns plus an unburned control were 
compared 7 years in a direct-seeded stand of longleaf 
pine (Pinus p Z u s d d s  Mill.) seedlings in central 
Louisiana. May burning resulted in best survival and 
growth. 

A fire is usually fatal to young seedlings of 
most pine species. But burning is beneficial--if 
not essential--to the survival and growth of 
longleaf pine seedlings. Brown-spot needle blight 
fungus (Scirrhia aciC0Za (Dearn . ) Siggers) infec- 
tion and competition from other woody plants and 
herbaceous vegetation are factors that retard ini- 
tiation of longleaf seedling height growth (Pessin 
1944). Burning alleviates both problems, and 
earlier observations indicated that the effec- 
tiveness of fire is related to the season of 
burning (Grelen 1975). 

Most prescribed burning in southern pine 
forests takes place during the dormnt season, 
usually January through Flarch. Bowever, Bruce 
(1951) noted that light summer fires improved the 
early height growth of longleaf seedlings. In the 
early 19601s, the results of a season-of-burn 
study in Louisiana indicated that burning on or 
near May 1 was beneficial to the initiation of 
height growth by grass-stage longleaf seedlings 
(Grelen 1975). Croker (1975) found that longleaf 
seedling mortality following a May fire in Alabama 
was no greater than that after a fire in January. 
Two years later, Maple (1977) reported signifi- 
cantly greater growth by Croker's May-burned 
seedlings. 

Because the Louisiana study in the 1960's 
was not designed to measure pine response, a new 
study was initiated in 1973 to compare the effects 
of March and May fires on longleaf pine survival 
and growth. This paper discusses final results of 
that study. 

!? Paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, 
November 4-5, 1982. 

L/ The author is Range Scientist, Range 
Management Research, Southern Forest Experiment 
Station, Pineville, LA 71360. 

The earlier seasonal burning study was on a 
dry sandy site, so the new study was conducted on 
a moist, clay-loam soil. Thus, if similar 
results were obtained, conclusions might have a 
wider range of application. An area was selected 
on the Palustris Experimental Forest about 30 
miles south of Alexandria, Louisiana, in an open 
pine-hardwood stand that had been direct-seeded 
to longleaf pine in 1968, The area had not been 
burned since 1970 and grass-stage longleaf seed- 
Ifngs were abundant in 1973,  ALP large pines and 
hardwoods on study plots were removed or girdled 
to prevent overstory influences on treatment com- 
par isons . 

Southern bayberry (MyAca csdfera L.) was 
the dominant shrub, and young blackgum (Nyssa 
syZuatiea Marsh.), sweetgum (Liquidambar stym- 
cifzua L. ) , and black jack oak (&uercu8 n~zhzan- 
dica Muenchh. ) were the common hardwoods. An 
abundance of accumulated herbage, predominantly 
bluestem grasses (SchizachyrZum spp. and 
Andropogon spp . ) , provided fuel for firs t-year 
burning treatments. The area was not grazed for 
the duration of the study. 

Burning Treatments 

The following treatments were applied com- 
pletely at random to three replications of con- 
tiguous quarter-acre plots: 

March 1 annual burn 
March 1 biennial burn 
May 1 annual burn 
May I biennial burn 
Unburned control 

Plots were burned within four days of the March 1 
and May 1 target dates beginning in 1973, when 
most grass-stage seedlings were 5 years old. 
Annual fires were applied seven consecutive 
years, 1913-79, and biennial ffres in the four 
odd-numbered years. Blots were burned with head- 
fires when weather and fuel conditions pemitted. 



Pine  Fieasurements 

Before  burning t rea tments  began, 25 grass-  
s t a g e  longleaf  pine s eed l i ngs  and f i v e  seed l ings  
a l r e a dy  i n  he ight  growth were permanently tagged 
on each t rea tment  p l o t ,  Se lec ted  grass-stage 
s e e d l i n g s  had not  ye t  formed a te rmina l  bud, and 
t h e  f i v e  seedl ings  a l ready  i n  he ight  growth were 
l e s s  t han  1 foot  t a l l .  

S u r v i v a l  and he igh t s  were recorded f o r  a l l  
tagged s eed l i ngs  a f t e r  each growing season. 
Severe i n f e c t i o n s  (more than 50 percent  of f o l i a g e  
d i seased)  by the  brown-spot d i s ea se  were recorded 
f o r  s eed l i ngs  below 1 f oo t  i n  he ight .  Di f fe rences  
among t rea tments  i n  s u r v i v a l ,  seed l ing  he igh t ,  and 
s e ve re  brswn-spot i n f e c t i o n  were assessed by ana- 
l y s e s  of var iance  a t  t he  5-percent l e v e l  of proba- 
b i l i t y .  

RESULTS 

Grass-stage Seedlings 

No tagged grass-stage seed l ings  had begun 
he lgh t  growth by t he  end of t h e  1973 growing 
season fol lowing i n i t i a l  burning treatments .  
Su rv iva l  averaged 96 percent ,  with no s i g n i f i c a n t  
d i f f e r e n c e s  mong t rea tments .  Through t he  t h i r d  
(1975) season,  seed l ings  on p l o t s  of both May-burn 
t r e a tmen t s  xaaintained h ighes t  su rv iva l  percentages 
and t h e  g r e a t e s t  percentage of surv ivors  i n  he ight  
growth. F i n a l  su rv iva l  on p l o t s  of t he  May- 
aanual-burn t reatment  averaged 71 percent ,  s ign i -  
f i c a n t l y  h igher  than o the r  t rea tments ,  and a l l  
s e e d l i ngs  had begun he ight  growth (Figure 1 ) .  
Unburned p l o t s  averaged 45 percent  su rv iva l ,  wi th  
s l i g h t l y  more than ha l f  t he  su rv ivo r s  i n  he ight  
growth by t he  end of t h e  s tudy.  

Height  growth of s eed l i ngs  on p l o t s  of t he  
two my-burn treatments  exceeded t h a t  of o the r  
t r e a tmen t s  a f t e r  t he  second year  and f o r  t h e  
remainder of t he  s tudy (F igure  2) .  The two May- 
burn t rea tments ,  with f i n a l  p ine  he igh t s  averaging 
5 .1  f t ,  d i d  not d i f f e r  s i g n i f i c a n t l y ,  but  cumula- 
t i v e  s eed l i ng  growth on May-burn p l o t s  s i g n i f i -  
c a n t l y  exceeded t h a t  of t h e  March-burn p lo t s .  
Seedl ings  on the  unburned-control p l o t s  averaged 
only  8 i n  t a l l  a t  t he  end of t he  s tudy,  s i g n i f i -  
c a n t l y  Less than a l l  o the r  t rea tments  except t he  
March b i e n n i a l  burn (Table I) ,  T a l l e s t  a t  t h e  
f i n a l  measurement were two t r e e s  12.5 f t  t a l l  on a 
May-annual p l o t ,  a l though average he ight  f o r  t he  
Play-annual t reatment  was only 4.8 f r .  

Keight-growth s eed l i ngs  

The Hay-annual burn had t he  h ighes t  f i n a l  
s u r v i v a l  a t  93 percent ,  followed by t h e  March- 
annual  burn with 80 percent .  Su rv iva l  on t he se  
two annual-burning t rea tments  d id  not  d i f f e r  
s i g n i f i c a n t l y ,  S i g n i f i c a n t l y  lower seed l ing  sur- 
v i v a l  occurred with t he  biennial-burn t rea tments ,  
which averaged 50 percent ,  and t h e  unburned- 
c o n t r o l ,  which averaged 33 percent .  

Throughout t he  s tudy period,  the  May-annual 
burn led  a l l  t rea tments  i n  t r e e  he ight .  The f i n a l  
average t r e e  he ight  on p l o t s  of t h i s  t rea tment  was 
16.1 f t ,  not  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  of 
t h e  March and May biennial-burn t rea tments ,  but 
g r e a t e r  than t he  Hareh-annual burn and t h e  
unburned con t ro l  (Table I ) .  The t a l l e s t  i nd iv i -  
dua l  t r e e ,  a l s o  on a ?lay-annual burn, was 22 f e e t .  

Brown-spot needle b l i g h t  

A t  t h e  end of t h e  f i r s t  year ,  more t han  half 
of t he  measured seedl ings  on unburned c o n t r o l  
p l o t s  were severe ly  i n f ec t ed  by brown-spot. On 
t he se  p l o t s ,  shading and competi t ion frorn r a p i d l y  
growing woody p l an t s  combined with the  d i s e a s e  t o  
reduce p ine  s u r v i v a l  and growth. 

Severe i n f e c t i o n s  on unburned con t ro l -p lo t s  
increased  during t he  second year  t o  an average  of 
86 percent ,  I n f e c t e d  seed l ings  on March-biennial 
and May-biennial burn p l o t s ,  unburned t h e  second 
year  of t h e  s tudy ,  increased from an average of 4 
percent  a f t e r  t h e  i n i t i a l  burn t o  more t han  40 
percent .  I n f e c t i o n  on annual-burn p l o t s  averaged 
23 percent  a t  t he  end of the  second year .  

By t h e  end of the  t h i r d  year ,  i n  which a l l  
burning t rea tments  were reappl ied ,  i n f e c t i o n  i n  
May-burn p l o t s  averaged 24 percent ,  s i g n i f i c a n t l y  
l e s s  t h a t  t he  58 percent  average on March-burn 
p l o t s .  I n f e c t i o n  of seed l ings  on unburned-control 
p l o t s  averaged 76 percent ,  s i g n i f i c a n t l y  g r e a t e r  
t han  t h a t  of seed l ings  on any burning t rea tment .  

Af t e r  t h e  t h i r d  growing season, brown-spot 
measurements were discontinued because more than 
ha l f  of t he  seed l ings  on a l l  but the  unburned 
p l o t s  were i n  he ight  growth. By t he  end of t h e  
s tudy ,  80 percent  of t h e  surv iv ing  s eed l i ngs  on 
unburned-control p l o t s  were severe ly  i n f ec t ed .  

Re in f ec t i on  by brown-spot fol lowing burning 
i s  rap id  on small p l o t s  such a s  used i n  t h i s  
s tudy  . /  Thus, h igher  i n£  ec t i ons  might be 
expected i n  t h i s  s tudy than on l a r g e r  brown-spot- 
c o n t r o l  burns. 

AND CONCLUSIONS 

Resu l t s  from t h i s  and t he  e a r l i e r  
seasonal-burn s tudy i n d i c a t e  t h a t  p rescr ibed  
burning a s  f r equen t l y  a s  f e a s i b l e  on o r  near  May I 
w i l l  improve s u r v i v a l  and e a r l y  height  growth of 
longleaf  p ine  seed l ings .  

3 1  Derr ,  Narold J .  Manuscript review 
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n E l C n r  GROWTH s u r v i v o n s  N 
ut l G n T  t r o m r ~  C  - U N 8 U R N E D  C O N T R O L  

W I  - ANNUAL u m c n  I  URN 
W 2  - B I E N N I A L  M A R C M  I B U R N  

S I  - A N N U A L  MAY I  @ U R N  

9 2  - B l f  NNIAL  MAY I  B U R N  

MAR OCT SEPT OCT JAN 
1973 1973 1974 1975 1977 

F E E  SEPT 
1979 1979 

SAMPLING DATE 

HEIGHT- GROWTH SEEDLINGS 

S 1 - MAY ANNUAL BURN 

S 2  - MAY BIENNIAL BURN 

SAMPLING DATE 

Table 1. Final average survival and heights of 
sample seedlings in relation to burning 
treatments. -- 

Burning Grass-sta e Hei ht- rowth 
Treatment Survival He:ght Surv:valg ~eightl 

rercenc reeP rerPcenc reec ---- 

Unburned 4 5 b  0.67 c 33 c 8.8b 

Figures in columns followed by the same letter 
are not significantly different . 



Frequent  burns, e s p e c i a l l y  annual f i r e s ,  pre- 
ven t  t h e  bui ldup of herbaceous f u e l  and t he  
i n t e n s e  hea t  from a well-fueled g r a s s  f i r e .  The 
new g r a s s  growth produced before  a  Play burn a l s o  
c o n t r i b u t e s  t o  a  cooler  f i r e .  New longleaf  
s e e d l i ng  growth, which i n  March is usua l ly  a  
s i l v e r y  "candle", by Hay 1 i s  surrounded by an 
i n s u l a t i n g  shea th  of e longa t ing  needles.  Thus, 
t h e  growing poin t  is more pro tec ted  i n  May. But 
i f  competi t ion and brown-spot a r e  the  two main 
f a c t o r s  h inder ing  e a r l y  he ight  growth, t he  f re -  
quent burning of herbaceous competi t ion and 
d iseased  f o l i a g e  must be t he  key. Woody-plant 
r o o t  r e s e rve s  a r e  low around Play 1, which may be a  
c r i t i c a l  time f o r  t h e  r e l e a s e  of longleaf  from 
compet i t ion  and brown-spot. 

A reduc t ion  of woody cover and an i nc r ea se  of 
herbage was obvious on a l l  burned p lo t s .  During 
t h e  7-year s tudy,  unburned c o n t r o l  p l o t s  had grown 
i n t o  t h i c k e t s  of b lackber ry  (Rubus spp.), l o b l o l l y  
p ine  s ap l i ngs  ( P ~ ~ u G  taeda L.) , and small  hard- 
woods. 

Growth might have been a s  g r e a t  o r  g r e a t e r  i f  
f i r e s  had been appl ied  l e s s  f requent ly ,  e s p e c i a l l y  
a f t e r  he igh t  growth had begun. Af t e r  t he  fou r th  
May-annual f i r e ,  s u r v i v a l  on p l o t s  of t h a t  t r e a t -  
ment dropped sharply.  A number of t r e e s  t h a t  had 
begun he igh t  growth d ied  o r  were k i l l e d  back t o  
ground l e v e l  and had t o  s t a r t  growth aga in  from 
l a t e r a l  sprouts .  Longleaf 6 i n  t o  4 f t  t a l l  a r e  
h igh ly  vu lnerab le  t o  damage by f i r e  (Bruce 1951), 
and more than ha l f  of t h e  surv iv ing  seedl ings  on 
May-burn p l o t s  had begun he igh t  growth a f t e r  t h r e e  
annual  o r  two b i enn i a l  May f i r e s  (Figure 1 ) .  

The burning f requenc ies  used i n  t h i s  s tudy  
may be too severe f o r  ope ra t i ona l  burning 
programs. Where l i ve s tock  grazing is an addi- 
t i o n a l  use of t he  p l an t a t i on ,  f u e l  accumulation 
might not  be adequate f o r  e f f e c t i v e  annual o r  
b i e n n i a l  f i r e s .  Thus, g raz ing  should be excluded 
from longleaf  pine regenera t ion  a r ea s  i f  f requent  
f i r e s  a r e  appl ied .  While r e s u l t s  of t h i s  s tudy  do 
not  provide a  recornended burning schedule f o r  
young longleaf  p ines ,  they suggest  t ha t  f requent  
May f i r e s  can improve e a r l y  su rv iva l  and he igh t  
growth. 
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PRESCRIBED FIRE FOR mRDWOOD CONTROL AND FUEL WDUCTION 

1 / I N  PINE PMTATIONS ON THE CUMBERLAND PLATEAU- 

2 / Michael York and Edward B u c k n e r  

Abstract.--Fuel mois tu re  and r e l a t i v e  humidity were 
key f a c t o r s  c o n t r o l l i n g  burn i n t e n s i t y .  Topography s t r o n g l y  
in f luenced  wind movement: upslope f i r e s  g e n e r a l l y  burned 
a s  head f i r e s  w h i l e  downslope f i r e s  burned a s  b a c k f i r e s .  
Both were e q u a l l y  e f f e c t i v e  f o r  hardwood c o n t r o l  and rough 
reduc t ion .  Disadvantages were t h a t  downslope f i r e s  were 
slow-moving and upslope f i r e s  d i f f i c u l t  t o  c o n t r o l .  

INTRODUCTION 

The Cumberland P l a t e a u ,  an  ex tens ion  o f  t h e  
Appalachian Highland Region, extends a c r o s s  Eas t  
Tennessee i n  a  north-south d i r e c t i o n ,  occupying 
approximately 5000 square  mi les .  It v a r i e s  i n  
width from about 70 m i l e s  a t  t h e  Kentucky- 
Tennessee border  t o  50 m i l e s  i n  n o r t h e r n  Alabama. 
The e a s t e r n  edge of t h e  P l a t e a u  is  a s t e e p  escarp-  
ment t h a t  r i s e s  approximately 1000 f e e t  above t h e  
Ridge and Valley Province.  The wes te rn  margin, 
which is h i g h l y  d i s s e c t e d  by s treams f lowing 
from t h e  P l a t e a u  s u r f a c e ,  s t a n d s  approximately 
700 f e e t  above t h e  Eas te rn  Highland Rim. Most 
of t h e  P l a t e a u  is a g e n t l y  r o l l i n g  upland w i t h  
an average  e l e v a t i o n  o f  approximately 2000 f e e t .  
The P l a t e a u  e x i s t s  because a  massive, horizon-  
t a l l y  bedded sandstone cap p r o t e c t s  s o f t e r  under- 
l y i n g  s h a l e s ,  s i l t s t o n e s  and c l a y s  from e r o s i o n  
(Phelps 19 77) . 

Due t o  i t s  h e i g h t  and exposure t h e  P l a t e a u  
has  a  c o o l e r  and w e t t e r  c l i m a t e  than a d j a c e n t  
r e g i o n s  t o  t h e  e a s t  and west.  Mean annual  pre- 
c i p i t a t i o n  is 54 inches ,  b u t  t h e  shal low, sandy 
s o i l s  have a low water-holding c a p a c i t y ;  s o i l  
n u t r i e n t s  a r e  r e a d i l y  l o s t  t o  l e a c h i n g  (Hasty 
1948). The P l a t e a u  is  approximately 70 percen t  
f o r e s t e d .  Native s t a n d s  a r e  c h a r a c t e r i s t i c a l l y  
low-qual i ty  upland hardwoods due l a r g e l y  t o  a 
h i s t o r y  of repea ted  highgrading and f r e q u e n t  
w i l d f i r e s .  

1/ Paper  p resen ted  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 
4-5, 1982. 
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Much of t h e  P l a t e a u  would be more produc- 
t i v e  i f  t h e s e  n a t i v e  s t a n d s  were rep laced  w i t h  
p i n e s  (Murphy 1972). This  p o t e n t i a l  and t h e  
a v a i l a b i l i t y  of l a r g e  t r a c t s  of l and  a t  r e l a t i v e l y  
low p r i c e s  h a s  r e s u l t e d  i n  a  l a r g e  f o r e s t  i n d u s t r y  
ownership. Over t h e  p a s t  two decades, much of t h i s  
r e g i o n  h a s  been converted t o  l o b l o l l y  p i n e  (Pinus 
t a e d a  L.) p l a n t a t i o n s .  Even though i t  is  n o t  
n a t i v e  t o  t h i s  a r e a ,  l o b l o l l y  p i n e  grows f a s t e r  
than t h e  n a t i v e  p i n e s ,  even when p lan ted  cons ider -  
a b l y  n o r t h  o f  i ts  n a t u r a l  range (Wi l l i s ton  and 
Huckenpahler 1958; Walker 1962). 

Desp i te  t h e  u s e  of bo th  chemical and mechani- 
c a l  measures f o r  hardwood c o n t r o l ,  p i n e  s t o c k i n g  
and growth i n  most p l a n t a t i o n s  s u f f e r s  from 
a g g r e s s i v e  hardwood competi t ion.  Heavy rough 
accumulat ions i n  o l d e r ,  w e l l -  s tocked  p i n e  p l a n t a -  
t i o n s  and exposure t o  h igh  winds make w i l d f i r e  a  
c o n t i n u a l  t h r e a t .  A s a f e  and economical means f o r  
c o n t r o l l i n g  hardwoods and reducing dangerous f u e l  
l e v e l s  is  needed i f  p i n e  p l a n t a t i o n  management is  
t o  b e  f e a s i b l e  on t h e  Cumberland P la teau .  Experi- 
ence i n  t h e  C o a s t a l  P l a i n  s u g g e s t s  t h a t  p r e s c r i b e d  
f i r e  might f i l l  t h i s  need i f  s a f e  t echniques  can  be 
developed f o r  us ing  i t  i n  t h i s  r o l l i n g ,  h i l l y  
t e r r a i n .  

Numerous s t u d i e s  have demonstrated t h e  d e s i r -  
a b i l i t y  of us ing  p r e s c r i b e d  f i r e  f o r  hardwood 
c o n t r o l  on t h e  f l a t  t e r r a i n  o f  t h e  Coas ta l  P l a i n  
(Riebold 1955; Nee1 1965; McClay 1955; K l a w i t t e r  
1959). These s t u d i e s  show t h a t  whi le  s i n g l e  burns  
may k i l l  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  above-ground 
hardwood biomass, repea ted  burns a r e  necessary  t o  
p rov ide  t h e  r o o t s t o c k  k i l l  t h a t  is e s s e n t i a l  t o  
e f f e c t i v e  hardwood c o n t r o l  (Grano 1970; L o t t i  
1962) . 



Prescr ibed  f i r e s  a r e  a l s o  widely used t o  
reduce heavy f u e l  accumulations thereby minimizing 
t h e  danger of devas ta t ing  w i l d f i r e s .  Cooper 
(1975) used backf i res  during t h e  cool  winter  
season t o  reduce heavy roughs t h a t  had accumulated 
over many years.  Headfires, which reduce a e r i a l  
f u e l s  more than backf i res ,  may be more a t t r a c t i v e  
f o r  success ive  fuel-reduction burns s ince  they 
a r e  l e s s  c o s t l y  than back f i r e s  (Sackett  1975). 

I n  recent  years  a few s t u d i e s  have demon- 
s t r a t e d  t h a t  prescribed f i r e  can be used s a f e l y  
on s lop ing  t e r r a i n  i n  t h e  South. Brender and 
Cooper (1968) found t h a t  both downslope back- 
f i r e s  and upslope s t r i p  head f i r e s  were e f f e c t i v e  
f o r  k i l l i n g  hardwoods i n  a l o b l o l l y  p ine  s tand on 
the  Georgia Piedmont. I n  t h e  h i l l y  Coastal  P l a in  
of Alabama, Chen, Hodgkins, and Watson (1975) 
found t h a t  burns during t h e  growing season top  
k i l l e d  more understory hardwoods than dormant 
season burns,  and t h a t  sweetgum (Liquidambar 
s t y r a c i f l u a  L . )  and winged elm (Ulmus a l a t a  L.) 
were more suscep t ib l e  t o  top k i l l  than t h e  oaks 
{Quercus spp .) and h i cko r i e s  (Carya spp. ) 

In  a t e s t  of upslope and downslope headf i res  
and back f i r e s  on sloping t e r r a i n  i n  West Tennessee, 
de ~ r u ~ &  found t h a t  downslope burns k i l l e d  more 
hardwoods and consumed more f u e l  than upslope 
bums  when burning condi t ions  were marginal. When 
f i r e s  burned in tense ly ,  however, these  d i f f e r ences  
were l e s s  not icable .  Since the  danger of wild- 
f i r e  was much g r e a t e r  under these  condit ions,  
downslope f i r e s  were recommended. He found t h a t  
wind movement on sloping t e r r a i n  tended t o  make 
downslope f i r e s  behave a s  back f i r e s  ( i . e . ,  wind 
d i r e c t i o n  is genera l ly  upslope during t h e  day). 
This f u r t h e r  reduced the  rate-of-spread of down- 
s lope  f i r e s ,  accentuating t h e i r  primary disadvan- 
tage,  i . e . ,  very slow rate-of-spread, enabling 
the  treatment of only small  a r ea s  during t h e  
l imi ted  per iods  when burning condit ions were 
s a t i s f a c t o r y .  

The ob jec t ive  of t h i s  study was t o  develop 
s a f e  and e f f e c t i v e  burning techniques f o r  hard- 
wood con t ro l  and f u e l  reduction i n  pine planta-  
t i o n s  on t h e  r o l l i n g  t e r r a i n  of t he  Cumberland 
Pla teau .  

Study p l o t s  were loca ted  i n  a 26-year o ld ,  
industry-owned l o b l o l l y  pine p l an t a t i on  on an 
east-west o r i en t ed  r i dge  on the  Cumberland Pla teau .  
The p l an t a t i on  was es tabl i shed  following the  c l ea r -  
cu t t i ng  of a  low-quality hardwood stand followed 
by chemical t reatment t o  con t ro l  r e s idua l  hard- 
woods and hardwood sprouts .  Several  years  a f t e r  
p l an t a t i on  establishment herb ic ides  were appl ied  
by he l i cop te r  t o  s e l e c t i v e l y  con t ro l  hardwoods 
t h a t  were competing with t he  planted pines.  P ine  
stocking was good on t h e  south-facing s lope  but  
s ca t t e r ed  hardwoods remained i n  t h e  overs tory  on 
t h e  no r th  s lope .  Understory hardwoods were abun- 
dant on both slopes.  

For each of 3 seasons ( f a l l ,  spr ing ,  and 
smmer) i n  which burns were t e s t e d ,  4 p l o t s  were 
es tabl i shed ,  2 on the  north-  and 2 on t h e  south- 
facing s lopes .  These 12 p l o t s  provided f o r  t e s t s  
of  both head f i r e s  and back f i r e s  both up and down 
slope.  They were arranged i n  a n t i c i p a t i o n  t h a t  
a  reg ional  wind pa t t e rn  would con t ro l  where f i r e s  
burned a s  head f i r e s  o r  backf i res  ( i . e . ,  where a 
f i r e  was i g n i t e d  a t  t he  base of one s lope  t o  burn 
a s  an upslope headf i re ,  t he  head f i r e  on t h e  
oppos i te  s lope  would be i gn i t ed  a t  t he  top of t h e  
r idge  t o  burn downslope). Burn treatment p l o t s  
occupied approximately 2 ac re s  each, giving a 
t o t a l  acreage burned f o r  each season of approxi- 
mately 8 acres .  

I n  each burn p lo t  4 randomly loca ted  t r a n s e c t s  
9.8 f e e t  wide and extending 164 f e e t  i n  t h e  up/ 
downslope d i r e c t i o n  were e s t ab l i shed .  A l l  hard- 
wood stems over 6 inches high were loca ted  on 
t r ansec t  maps and t a l l i e d  according t o  0.4 inch 
diameter c l a s se s ,  diameter being measured 6 inches 
above t h e  average groundline. 

Immediately p r i o r  t o  burning, a  s t e e l  cy l inder  
inches i n  diameter and sharpened on one end, 

was used t o  obta in  9 randomly loca ted  l i t t e r  
samples ( t o  t he  l i t t e r -mine ra l  s o i l  i n t e r f a c e ) ,  
each of which was immediately placed i n  a p l a s t i c  
bag t o  prevent moisture l o s s .  These were re turned  
t o  t h e  labora tory  where moist weight and oven dry 
weight ( a t  7Q°C) were determined ( t o  t he  nea re s t  
0 .1  gram) t o  provide both f u e l  moisture and f u e l  
loading es t imates .  

3/  de Bruyn, Pe ter .  1981. Prescribed f i r e  
i n  a ?3-year-old l o b l o l l y  pine (Pinus taeda L . )  
p l an t a t i on  on sloping t e r r a i n  i n  West Tennessee. 
lfnpublished M.S. Thesis. Universi ty of Tennessee, 
Knoxville, Tennessee. 43 p. 

Seasonal burns were ca r r i ed  out  a s  fol lows:  
t he  f a l l  burn was on October 22, 1979; t h e  spr ing  
burn on May 12, 1980; and the  summer bum on 
August 27, 1980. Weather and f u e l  condit ions on 
these  da t e s  a r e  given i n  Table 1. 



Table 1.--Weather and f u e l  c o n d i t i o n s  a t  t h e  t i m e  
of t h e  3 s e a s o n a l  burns.  

FALL BURN SPRIMG BURN SUMMER BURN 

Wind (m.p.h,) 2.40 1.64 0.50 

Temperature (OF) 72 84 8 7 

R e l a t i v e  
Humidity (X) 71 54 45 

Fue 1 
Moisture (%) 40 2 2 3 1 

Fuel  Volume 
(1bs . fac . )  17,230 32,090 14,370 

S u i t a b l e  weather  c o n d i t i o n s  f o r  w i n t e r  b u m s  
had been s o  i n f r e q u e n t  i n  e a r l i e r  phases of t h i s  
p r o j e c t  t h a t  they  were n o t  included i n  t h i s  s tudy.  
These w i l l  b e  added t o  f u t u r e  s t u d i e s  a s  exper ience  
i n d i c a t e s  they  can o c c a s i o n a l l y  be e f f e c t i v e .  
The downslope b a c k f i r e  was always i g n i t e d  f i r s t  
a s  i t s  r a t e  of spread was t h e  s lowes t ,  w h i l e  t h e  
upslope h e a d f i r e  was i g n i t e d  l a s t  a s  it spread  
most r a p i d l y .  The average t ime requi red  f o r  f i r e s  
t o  burn t h e  l e n g t h  of t h e  f o u r  164 f o o t  t r a n s e c t s  
was used t o  c a l c u l a t e  t h e  rate-of-spread.  
Following each burn,  l i t t e r  samples were t a k e n  
again t o  determine f u e l  reduc t ion .  

RESULTS AND DISCUSSION 

The s p r i n g  b u m s  were by f a r  t h e  most i n t e n s e  
of t h e  s e a s o n a l  tests, and most n e a r l y  achieved 
t h e  g o a l s  e s t a b l i s h e d  f o r  t h i s  s tudy ,  i .e . ,  reducing 
f u e l s  and c o n t r o l l i n g  hardwoods (Table 2 ) .  However, 
they a l s o  k i l l e d  more of t h e  p i n e  crop trees. 

Table 2.--Hardwood t o p  k i l l ,  f u e l  r e d u c t i o n  and 
crop tree m o r t a l i t y  accord ing  t o  season of b u m .  

SEASON HAgDWOOD FUEL LOBLOLLY PINE 
OF B U P ?  TOPKILL REDUCTION CROP TREE 

MORTALITY 

- - - - - - - - PERCmT - - - - - - - - 

FALL 88 34 11 

SPRING 98 66 2 2 

9 0 3 3 7 

The low f u e l  nzoisture on t h i s  d a t e  r e s u l t e d  i n  
much g r e a t e r  f u e l  reduc t ion  than f o r  burns i n  
o t h e r  seasons.  While t h e s e  f i r e s  were s u c c e s s f u l  
i n  k i l l i n g  back more of t h e  l a r g e  hardwoods, they 
were n o t  o therwise  b e t t e r  f o r  hardwood c o n t r o l .  
Most of t h e  crop t r e e  m o r t a l i t y  r e s u l t e d  from 
t h e  upslope,  h e a d f i r e  on t h e  s t e e p e r  sou thern  
s lope .  This  f i r e  spread  a t  t h e  r a t e  of 577 
f e e t  p e r  hour ,  t h e  f a s t e s t  of t h e  12  burns. Most 
o f  t h e  dead p ines  were i n  t h e  s m a l l e r  d iameter  
c l a s s e s  sugges t ing  t h a t  such f i r e s  may f u n c t i o n  
a s  a  t h i n n i n g  from below under t h e s e  condi t ions .  

The summer burns on t h e  n o r t h e r n  s l o p e  where 
p i n e  s t o c k i n g  was low due t o  aggress ive  hardwood 
compet i t ion  i n  t h e  o v e r s t o r y ,  were e s p e c i a l l y  
poor a s  t h e  l i t t e r  l a y e r  was l a r g e l y  decomposed 
and t h e  s u r f a c e  o r g a n i c  m a t t e r  t h a t  remained was 
compacted. On n o r t h  and e a s t  a s p e c t s  i n  t h i s  
reg ion  t h e  g r e a t e r  hardwood component i n  most 
p i n e  p l a n t a t i o n s  w i l l  l i k e l y  c r e a t e  f u e l  condi- 
t i o n s  t h a t  make f i r e s  l e s s  i n t e n s e  and hardwood 
c o n t r o l  more d i f f i c u l t .  Brender and Cooper (1968) 
found t h a t  hardwood l e a v e s  form compact l a y e r s  
t h a t  r e s t r i c t  a i r  movement, keeping lower 
l e a v e s  moist  f o r  l o n g e r  p e r i o d s  of time. 

Experience wi th  t h e s e  summer burns r e i n f o r c e s  
t h e  o b s e r v a t i o n  made i n  o t h e r  t e s t s  i n  Tennessee 
t h a t  summer burns w i l l  be  d i f f i c u l t  t o  c a r r y  o u t .  
High humidity is  c h a r a c t e r i s t i c  of t h i s  season ,  
r e s u l t i n g  i n  g e n e r a l l y  high f u e l  mois tu re  l e v e l s .  
Although c o n d i t i o n s  appeared good f o r  burn ing ,  
t h e s e  b u m s  were s l u g g i s h  and had t o  be c o n t i n u a l l y  
r e i g n i t e d  on t h e  n o r t h  s l o p e  where t h e r e  was a  
l a r g e  component of hardwood l i t t e r .  

R e l a t i v e  humidity, f u e l  mois tu re ,  and wind 
speed were h i g h e r  dur ing  t h e  f a l l  burn t h a n  d u r i n g  
t h e  o t h e r  s e a s o n a l  burns.  Under t h e s e  unfavorab le  
c o n d i t i o n s  of r e l a t i v e  humidity and f u e l  m o i s t u r e ,  
it is  u n l i k e l y  t h a t  t h e  burn could have been 
conducted had it n o t  been f o r  t h e  h igher  wind 
speed.  This  was t h e  only t i m e  t h a t  winds were 
h igh  enough t o  permit a  downslope h e a d f i r e .  

F i r e s  burned wi th  g r e a t e r  i n t e n s i t y  on 
t h e  s o u t h  s l o p e  a s  t h e  l i t t e r  was l a r g e l y  from 
t h e  l o b l o l l y  p i n e  crop t r e e s .  I n  Alabama's h i l l y  
Coas ta l  P l a i n  Nodgkinsand Whipple (1963) r e p o r t e d  
t h a t  b a c k f i r e s  i n  p i n e  l i t t e r  were more i n t e n s e  
and consumed more f u e l  than b a c k f i r e s  i n  hardwood 
l i t t e r .  

As was t r u e  f o r  an e a r l i e r  phase of t h i s  
p r o j e c t  conducted i n  West Tennessee, wind movement 
was more s t r o n g l y  in f luenced  by topography t h a n  
by r e g i o n a l  wind p a t t e r n s .  When r e g i o n a l  winds 
were e s s e n t i a l l y  a b s e n t ,  o r  when wind speeds  
were low, t h e r e  was a  s t r o n g  tendency f o r  
upslope f i r e s  t o  burn a s  h e a d f i r e s  and downslope 
f i r e s  a s  b a c k f i r e s .  This  was g e n e r a l l y  t h e  c a s e  
f o r  t h e  s p r i n g  and summer burns,  a l though  behavior  
was o f t e n  e r r a t i c .  



This  behavior  is c o n s i s t e n t  w i t h  g e n e r a l  
o b s e m a t i o n s  regard ing  s u r f a c e  wind movement on 
i r r e g u l a r  t e r r a i n ,  During t h e  day when t h e  
ground s u r f a c e  is warming t h e r e  is a tendency f o r  
warned a i r  t o  move upslope and f o r m  convect ion 
p i l l a r s  a long  r i d g e s ,  During t h e  n i g h t  t h i s  
d i r e c t i o n  i s  reversed ,  wi th  c o l d e r  a i r  b u i l d i n g  
along t h e  ground s u r f a c e  and t h i s  coo l  a i r  
'Y1owingn b c m s l o p e  ( c o l d - a i r  d ra inage) ,  Because 
of t h e  upslope movement of s u r f a c e  winds dur ing  
t h e  day t h e  average rate-of-spread of upslope 
f i r e s  on b o t h  a s p e c t s  was much g r e a t e r  than  f o r  
f i r e s  burn ing  dotjnslope (Table 3). 

Table 3.--Spread r a t e s  f o r  upslope and downslope 
f i r e s  and t h e i r  e f f e c t  on hardwood t o p k i l l ,  
f u e l  r e d u c t i o n  and c rop  t r e e  m o r t a l i t y .  

FIRE FIRE SPPSSiD HAmVOOD FUEL LOBLOLLY 
TYPE UTE TOPKILL REDUCTIOU PINE CROP 

TREE 
I!O RTAL ITY 

Feet /hour - - - - PERCEW - - - - - 

DOWNSLOPE 66 92 5 1 9 

The burn having t h e  most r a p i d  rate-of-spread 
w a s  c o n s i s t e n t l y  t h e  one in tended  as an upslope,  
h e a d f i r e  and t h e  s lowes t  always t h e  d o m s l o p e ,  
b a c k f i r e .  This i n d i c a t e s  t h a t  w h i l e  r e g i o n a l  
winds may n o t  d e t e r n i n e  s u r f a c e  wind d i r e c t i o n  on 
s l o p i n g  t e r r a i n ,  they  do i n f l u e n c e  s u r f a c e  wind 
speed. Wind msvment was g e n e r a l l y  g r e a t e r  on 
r h e  s o u t h  s l o p e  a s  i t  was s t e e p e r  and t h e  s lope-  
l e n g t h  was much g r e a t e r  t h a n  t h a t  of t h e  n o r t h  
a s p e c t .  

Downslope f i r e s  were a s  e f f e c t i v e  a s  upslope 
f i r e s  i n  reducing f u e l  l e v e l s  and c o n t r o l l i n g  a11 
b u t  t h e  l a r g e s t  hardwoods (Table 3 ) .  T h e i r  very  
slow rate-of-spread was, however, a  s e r i o u s  
drawback. Unless long f i r e  l i n e s  along r i d g e s  
can be i g n i t e d ,  which is g e n e r a l l y  n o t  p o s s i b l e  
i n  t h e  d i s s e c t e d  t e r r a i n  c h a r a c t e r i s t i c  o f  t h e  
Cumberland P l a t e a u ,  t h e s e  slow-moving f i r e s  w i l l  
be t o o  expensive f o r  p r a c t i c a l  u s e  i n  p i n e  
p l a n t a t i o n  management, 

I n  t h e  f l a t  C o a s t a l  P l a i n ,  r e g i o n a l  wind 
p a t t e r n s  uniformly a f f e c t  t h e  movment of s u r f a c e  
f i r e s .  This is not  t h e  c a s e  on s l o p i n g  t e r r a i n .  
A dangerously h igh  r e g i o n a l  wind would be r e q u i r e d  
t o  unifororly d r i v e  a  s u r f a c e  f i r e  beneath a p i n e  
o v e r s t o r y  on i r r e g u l a r l y  s l o p i n g  t e r r a i n .  This  
sugges t s  t h a t  p rescr ibed  burning on i r r e g u l a r l y  
s l o p i n g  t e r r a i n  should be done when upslope f i r e s  
will be h e a d f i r e s  and downslope f i r e s  b a c k f i r e s .  
The  tendency on s l o p i n g  t e r r a i n  f o r  daytime winds 
t o  be upslope ( m o s t  pronounced on c l e a r  days)  
p rov ides  a degree of  p r e d i c t a b i l i t y  t o  f i r e  
behavior ,  It f u r t h e r  p rov ides  s u f f i c i e n t  wind 

movement, when r e g i o n a l  winds a r e  too l i g h t  
t o  d r i v e  f i r e s ,  t o  prevent  t h e  v e r t i c a l  f lame 
p a t t e r n  t h a t  i s  most l i k e l y  t o  cause  crown 
scorch  and m o r t a l i t y  i n  crop t r e e s .  

S ince  both upslope h e a d f i r e s  and d o m s l o p e  
b a c k f i r e s  were e q u a l l y  e f f e c t i v e  i n  reducing 
f u e l s  and hardwood competi t ion (Table 33, t h e  
problem becomes one of o b t a i n i n g  a  rate-of-spread 
g r e a t  enough t o  enab le  reasonable  coverage dur ing  
t h a t  p a r t  o f  t h e  day having s a t i s f a c t o r y  burning 
c o n d i t i o n s ,  y e t  no t  s o  i n t e n s e  a s  t o  k i l l  c rop  
t r e e s .  A topography-related i g n i t i n g  sequence 
t h a t  w i l l  be  e f f e c t i v e  and s a f e  f o r  burning 
t e r r a i n  such a s  t h a t  of t h e  Cumberland P l a t e a u  
h a s  y e t  t o  be developed. The chevron-type burns ,  
i g n i t e d  a long  r i d g e s  and on h i l l s ,  may prov ide  a  
good s t a r t i n g  p o i n t ,  bu t  t o  enab le  s u f f i c i e n t  
coverage they  w i l l  l i k e l y  need t o  be supplemented 
w i t h  contour  s t r i p  f i r i n g  t o  speed burning of  
t h e  s l o p e s .  
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INFLUENCE OF BUEWING AND GRAZING ON SOIL NUTRIENT 

PROPERTIES AHD TREE GRWTH ON A GEORGIA GOUT& 

PLAIN SITE AFTER 40 YE&' 

William X. McKee, Jr., and Clifford E. Lewisg 

Abstract.--Soil analysis of a study area in the Coastal 
Plain of Georgia indicates that 40 years of grazing and pre- 
scribed burning have had no adverse effect on concentrations 
of total nitrogen, available phosphorus, exchangeable bases, 
or organic matter in mineral soil. Burning alone reduced 
organic matter and nutrients in the forest floor and tended 
to increase them in the surface 6 inches of mineral soil. 
Grazing did not affect soil nutrient properties nor did 
grazing interact significantly with prescribed burning. 
Results indicate that well-managed grazing in conjunction 
with prescribed burning has no adverse effects on site 
quality for longleaf-slash pine-wiregrass sites. 

INTRODUCTION 

Burning to improve grass production and woods 
grazing is common throughout much of the Southern 
Coastal Plain (~ewis et al. 1982). Most studies 
on these practices have addressed forage quality, 
timber reproduction, burning frequency, and direct 
interaction of grazing and timber production. A 
subtle problem frequently overlooked is the effect 
that grazing and prescribed burning, which must 
accompany the grazing, has on future site quality 
and nutrient cycling in the forest floor and soil. 

In this paper we report effects of grazing 
combined with biennial prescribed burning over a 
period of 40 years on nutrient levels on sandy 
Coastal Plain sites. 

pastures in 1942 so that two replications of Pour 
different prescribed burning regimes could be 
established. Burning treatments maintained until 
1950 consisted of an unburned "control", triennial 
burning, biennial burning, and annual burning 
 able 1). During 1950-54, the six pastures were 
burned annually. Beginning in 1954, fire was 
excluded from all pastures to permit reestablish- 
ment of pine by natural regeneration. The old 
mature trees were removed in 1961. An inventory 
of the trees in 1963 indicated that fairly similar 
stocking existed on all pastures. During 1965-67, 
biennial burning of pastures which has a previous 
burning treatment was initiated that continued to 
the present. The two unburned pastures have been 
protected from fire since 1941, when wildfire 
swept through the area. 

The present timber stand consists of slash 
MTERIALS AND METHODS and longleaf pine with basal areas averaging 75 

square feet per acre from 368 trees per acre (fig. 
Pastures were intensively sampled in 1980 I). Average tree heights and dimeters are 48 feet 

after 40 years of prescribed burning and grazing and 5.7 inches, respectively, with no significant 
research on a Coastal Plain site in Berrien County, effects on tree growth due to burning or grazing.3; 
Georgia. A portion of the Alapaha Experimental Understory vegetation consits of wiregrass range 
Range, which consists of a variable stand of long- as described in detail by Xalls et al. ( 1956). 
leaf and slash pine, was fenced into eight 50-acre 

All pastures were grazed at 8.3 acres per 
animal for 7 to 10 months per year from 1942-49. 

3 Paper presented at the Second Biennial During 1950-54, grazing varied fron light stocking 
Southern Silvicultural Research Conference, Atlanta, at 17 acres per animal to heavy stocking at 4 acres 
Georgia, November 5-6, 1982. per animal for 10 months of the year. Pastures 

'~uthors are Soil Scientist and Range Sci- 
entist, Southeastern Forest Experiment Station, 
Charleston, South Carolina 29407 and Gainesville , 
Florida 32611, respectively. 

A/unpublished data: C .  E. Lewis, USDA 
Forest Service, Gainesville, Florida. 



Figure 1.--Changes i n  t r e e s  and understory vegeta t ion  a r e  evident  on areas burned i n  1941 as they appeared 
i n  1942 on an unburned treatment i n i t i a l l y  ( a )  and again i n  1980 ( b ) ;  and on a burned t reatment i n i t i a l l y  
( c ) and aga in  i n  1980 ( d 1. 



Table 1.--History of burning treatments for pastures on mapaha Range. 

Initial burning treatments and subsequent changes in fire management 

Years Control Triennial Biennial Annual 

194 Wildfire Wildfire Wildfire Mildf ire 
1942-2949 hburned Triennialburns Biennialburns Annualburns 
1950-1954 Unburned Annual burns Annual burns Annual burns 
195 5-1964 Unburned Unburned Unburned Unburned 
1365-1982 Unburned Biennial burns Biennial burns Biennial burns 

L/~he area was protected from fire from 1934 but a widlfire in 1941 burned 
about half of the experimental area. 

were neither grazed nor burned from 1954-59 to 
allow for natural regeneration of pine. From 1960- 
66, pastures were stocked at 20 acres per animal 
along with 0.6 acres of improved pasture per animal 
for 10 months per year. From 1967-82, pastures 
have been grazed at this same intensity, but for 
only 6 months each year. 

Soils in the study area are: Alapaha loamy 
sand (kenic Paleaquult loamy siliceous thermic), 
a poorly drained soil making up about 213 of the 
study area; Leefield loamy sand (Arenic Plintho- 
quic Paleudult loamy siliceous thermic), a some- 
what poorly drained soil representing about 3.14 
of the study area; Irvington loamy sand (~linthic 
Fraguldult fine-loamy siliceous thermic), a moder- 
ately well drained soil found on a relatively small 
portion of the study area; and Pelham loamy sand 
(Arenic Paleaquult loamy siliceous thermic), a 
poorly drained soil representing about 1/4 of the 
eight pastures but only 2 sampling areas in differ- 
ent pastures in the study (USDA, SCS 1975-80). 

On upland portions (low ridges 2 to 5 feet 
above drainageways) within each of the eight 
pastures, six randomly located lf4-acre fenced 
exclosures were established to exclude grazing. 
Adjacent to each exclosure is a like area with 
established corners but no fence. Samples were 
collected on two subplots in these I/&-acre sample 
plots. At each subplot, forest floor and mineral 
soil samples were collected at four random points. 

The forest floor was a nor hmus that mixed 
little with the mineral soil. The forest floor 
samples included all material from the L ,  F, and 
B layers (litter, fungal, and huus) from within 
a 6-inch-square frame. No attempt was made to 
segment the forest floor by layers. Two 1-inch 
diameter soil cores were then collected from within 
the &inch squares. The cores were seeented into 
depths of C-3 and 3-6 inches. The 0-3 inch sample 
represents the Al horizon and the 3-6 inch sample, 
in most cases, the A;! horizon, 6 inches being the 
lowest depth on which a measurable effect of burn- 
ing was expected. 

Forest floor samples were oven dried at ?O'C 
for 24 hours, weighed, and ground to pass a 40- 
mesh screen. Nitrogen was determined by a modi- 
fied micro-Kjeldahl procedure; 0.1 g of material 
was digested in a test tube, and ammonia content 
was determined by the salicylate-cyanurate proce- 
dure cy el son and Sommers 1973). Other analyses 
were made on material dry-ashed for 2 hours at 
450'~ and taken up in 0.03 XJ HN03. Phosphorus 
was determined by the molybdovanadate procedure 
(~ackson 1958) and K, Ca, Ng, and Na by atomic 
absorption. A separate sample was dry-ashed at 
500'~ for 2 hours to determine mineral content, 
which was subtracted from the dry weight. Thus, 
weights of forest floor material represent only 
the loss on ignition compocent. 

Soil samples were air-dried and crushed to 
pass a 2-mm sieve. Organic matter content was 
assayed by wet oxidation (~ackson 1958). Parti- 
cle-size distribution was determined by the hydro- 
meter method (Day 1965). Exchangeable bases were 
determined by atomic absorption on extracts made 
with 1 XJ NH40AC (~ackson 1958). Available phos- 
phorus was determined by extracting 2.5 g of soil 
with 20 ml of Bray P2 solution ( ~ r a ~  and Kurtz 
1945). Soil pH was measured with a glass electrode 
on a 1:2 soilfwater mixture. Total soil nitrogen 
was determined by micro-Kjeldahl digestion of a 
1.0 g sample with ammonia being determined by the 
salicylate-cyanurate method  e el son and Sommers 
1973 1. 

Results are expressed as concentration of 
nutrients in the soil components and as total 
amounts in the surface soil and forest floor. 
Bulk density values are taken from results pub- 
lished in an earlier report (swan and Halls 1955). 
Comparisons of burning and grazing treatments are 
made by analysis of variance and "t" test with 
significance reported at the 0.05 level. 



Total nitrogen ranged from 282 to 435 parts 
per million in the 0-3 inch soil layer and from 
144 to 213 parts per million in the 3-7 inch 
layer. These concentrations in the top 6 inches 
of soil are low in conparison to other sites in 
the Coastal Plain ( ~ c ~ e e  1982); they reflect the 
sandy nature of the study site and its low nutrient 
holding capacity. Of interest is the slightly, 
but not significantly, higher level of nitrogen on 
grazed compared to ungrazed plots. 

Soil 

Nutrient concentrations were altered 
by the burning and grazing treatments 
(?!able 2). Clay content of soils for the burning 
and grazing treatments ranged from 3 to 6 percent 
in the 0-3 inch soil layer and from 4 to 7 percent 
in the 3-6 inch soil lager. These soil textures 
are typical of many wet flatwoods. 

Concentrations of available phosphorus ranged 
from 2.4 to 3.3 parts per million in the 0-3 inch 
soil layer and from 1.7 to 2.3 in the 3-6 inch 
layer. These values fall in the range of those 
observed on a sandy site in Alabama ( ~ c ~ e e  1982). 
As in other prescribed burning studies, concentra- 
tions of available phosphorus were higher on burn- 
ed plots than on unburned control. Grazing had 
no noticeable effect on phosphorus levels. 

Soil pH ranged from 3.50 to 4.39 for burning 
and grazing treatments in the 0-3 inch depth and 
from 3.77 to 4.52 in the 3-6 inch depth  able 2). 
High acidity is typical of Ultisols throughout 
the Coastal Plain. Swan and Carter (1954) 
reported pH values of 4.7 in the 0-3 inch layer 
of soil and 4.8 to 4.9 in the 3-10 inch soil 
layer for this study area. Differences between 
their analysis and the present sampling may in 
part reflect different smpling techniques and 
seasonal variations in the soils. 

Table 2.--Average chemical and physical properties for mineral soil as related to initial grazing and pre- 
scribed burning treatments during 1942-49. All burned pastures have been burned biennally since 1965-66. 

Exchangeable bases 

Original 
burning Grazing Soil Total Available Total Organic 
treatment treatment pH nitrogen phosphorus Calcium Potassium Magnesium Sodium bases Clay matter 

- - - ppm - - - - - - - - - - -  meq/100 g - percent - 

0-3 Inch Soil Depth 

Control None 
Grazed 
Bone 
Grazed 
Bone 
Grazed 
None 
Grazed 

Triennial 
burning 
Biennial 
burning 
Annual 
burning 

3-6 Inch Soil Depth 

Control Hone 
Grazed 
None 
Grazed 
None 
Grazed 
None 
Grazed 

Triennial 
burning 
Biennial 
burning 
Annual 
burning 



Concentrations of total exchangeable bases 
in the upper soil layer ranged from 0.24 to 0.21 
milliequivalent per 100 g for the unburned control 
and from 0.42 to 0.51 milliequivalent per 100 g 
for the areas receiving biennial prescribed burns. 
All burning treatments contained slightly more 
exchangeable bases. Grazing had no noticeable 
effect on bases, In the 3-6 inch soil layer base 
concentrations ranged from 0.18 to 0.24 milli- 
equivalent, and effects of treatments were even 
less apparent. The trend for burning to increase 
concentrations of most exchangeable bases in the 
A horizons is consistent with determinations made 
on other sites where prescribed burning was 
studied ( ~ c ~ e e  1982, Wells et al. 1979). Although 
burning may have increased Ca slightly in the A2 
horizon, it appears unlikely that burning mobil- 
ized any element to the extent that it moved 
beyond the upper part of the soil profile where 
roots are concentrated. 

Organic matter concentrations in mineral 
soil were not strongly or consistently influenced 
by the prescribed burning treatments. These soils 
are typically low in organic matter. Of interest 
is the 0.04 to 0.13 percentage points higher 
organic content on grazed compared to ungrazed 
areas at the 0-3 inch depth. This trend was not 
apparent at the lower depth. 

Forest Floor 

Prescribed burning significantly reduced 
amounts of organic materials and nutrients in the 
forest floor  a able 3). However, any effects of 
the initial burning treatments (1942-54) on the 
forest floor properties did not persist in the 
1981 samples. Amounts of organic matter and 

nutrients were somewhat higher on areas burned 
annually than on areas burned less frequently. 
Grazing effects were not consistent and do not 
appear to affect measured forest floor properties. 

Burning reduced the weight of organic matter 
in the forest floor by 69 to 58 percent and re- 
duced that of nitrogen by 16 to 90 percent. The 
reductions in nitrogen content of the forest floor 
are similar to those of other burning studies 
( ~ c ~ e e  1982 ) . 

Phosphorus in the forest floor ranged from 
12.1 to 17.2 pounds per acre without burning and 
from 2.0 to 4.0 pounds per acre with burning. 
Prescribed burning also decreased the amounts of 
cations ( calcium, potassium, and magnesim) by 
66 to 89 percent. These changes are similar to 
those found on other Coastal Plain sites following 
burning ( ~ c ~ e e  1982, Wells 1971). 

Total Nutrient Budget 

The changes in the forest floor and mineral 
soil are seen together (fig. 2). Bulk density 
values published by Suman and Halls (1955) for the 
soils in this study area were used to eslimate 
quantities of nutrients per acre in the surface 6 
inches of soil. At the time of sampling, the top 
3 inches of soil in the grazed areas which were 
burned had higher bulk densities (1.48) than areas 
unburned (1.40) or areas burned and ungrazed (1.40). 

Since only the biennial burning treatment has 
been applied consistently since the study began, 
and since the soils on this treatment's plots are 
similar to those of control plots, coaparisons in- 
volving only this treatment and the control were 

Table 3.--Organic matter and nutrient contents in forest floor as related to initial grazing and prescribed 
burning treatments. All burn pastures have been burned biennially since 1965-66. 

Treatments Forest floor content 

Original 
burning Grazing Organic 
treatment treatment XI000 Nitrogen Phosphorus Calcium Potassium %gnesim 

Control None 
Grazed 

Triennial None 
burning Grazed 
Biennial None 
burning Grazed 
Annual None 
burning Grazed 

&/Burn treatments with the same letter in columns are not significantly different at the 0.05 level. 



ORGANIC M A T T E R  

CONTROL BIENNIAL BURW 

MAGNESIUM 

CONTROL 

NITROGEN 

1: 
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COFtTROL BIENNIAL BURN 

CALCIUM 
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j? FOREST FLOOR [7 MINERAL SOIL 

Figure 2.--Nutrient and organic matter content of forest floor and the surface 6 inches of mineral soil as 
they contribute to the total nutrient budget. 



drawn. Amounts of organic matter and nutrients 
were compared by the "t" test of paired subplots 
at the 0.05 level. 

While burning decreased the organic matter 
in the forest floor by approximtely 40,000 pounds 
per acre, it increased organic matter in the 
surface 6 inches of soil by 25 percent cr 4,000 
pounds per acre. Grazing had no significant 
effect on organic content of the forest floor or 
soil with or without burning. 

Nitrogen decreased in the forest floor and 
increased significantly in the mineral soil in 
much the same way as organic matter. The indi- 
cated increase of nitrogen in the mineral soil 
may result from mobilization of nitrogen by burn- 
ing. In any case, the increase in readily avail- 
able nitrogen stimulates plant growth. Grazing 
did not alter nitrogen content significantly. 

A decrease in the ratio of forest floor 
organic matter to nitrogen found in other areas 
of the South with prescribed burning (McKee 1982) 
was not observed at this site. Here, ratios of 
organic matter to nitrogen appear to be unaffected 
by burning. 

Burning decreased total phosphorus in the 
forest floor but significantly increased available 
phosphorus from 1.84 to 2.18 pounds per acre. A 
true comparison of phosphorus contents in the 
forest floor and soil is impossible because the 
forest floor analysis represents the total phos- 
phorus present but the values for the soil are for 
available phosphorus. Grazing had no significant 
effect on phosphorus content in the total nutrient 
budget. 

Although burning doubled calcium content in 
the mineral soil, it reduced the amount in the 
forest floor sufficiently to lower total calcium 
in the total nutrient budget. Grazing did not 
significantly alter totals for calcium or other 
cations. Calcium contents for this site are 113 
to 1/10 those of other sandy Coastal Plain sites 
where burning was studied (McKee 1982). A defi- 
ciency of calcium may develop without burning and 
affect either timber or forage production on such 
a site. However, no effects of burning on timber 
have been observed in the study. 

Prescribed burning reduced the total potas- 
sium in the forest floor but increased exchange- 
able potassiusr in the soil. Grazing had no 
effect on potassium content. The increase in 
availability of potassium nay be more important 
to forage production than to timber production 
since it is uncomon to find southern pine species 
responding to potassium fertilization (Pritchett 
1979) * 

agnesim contents of the forest floor and 
soil responded to treatments similarly to calcium 
and potassium. Burning reduced magnesium 7 to 10 
fold in the forest floor but increased it by 1.6 
pounds per acre in the A horizon. Xigher mounts 
in the mineral soil m y  be important in maintaining 
a balanced nutrient pool for plant growth. Cer- 
tainly, understory plants respond favorably to 
prescribed burning (~ewis et al. 1982j. 

CONCLUSIONS 

Mparently any removal of nutrients over a 
long period by grazing or burning of understory 
plants on this site has not measurably reduced 
pine production. The intensity of grazing has 
been moderate, and it has not changed the nutrient 
status of the soil. If the cattle had any detri- 
mental effects on the site quality, it would 
probably be through physical compaction of the 
soil (Suman and Halls 1955). It is possible on 
poorly drained sites that soil compaction will 
restrict organic breakdown and nutrient cycling; 
however, such an effect is not apparent on our 
study area. 

Based on this long-term study, it appears 
that the combination of burning and grazing has no 
detrimental effects on the nutrient budget or on 
pine height or volume growth. Burning may in fact 
be beneficial to site quality through more rapid 
mineralization of nutrients. The responses of 
herbaceous vegetation and forage quality to pre- 
scribed burning have been described in other papers 
(~ewis et al. 1982). 

This was a cooperative study by the Georgia 
Coastal Plain Experiment Station, University of 
Georgia, College of Agriculture, Tifton, GA and 
the USDA Forest Service, Southeastern Forest Experi- 
ment Station, Asheville, MC. 
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REGENERATION OF LOBLOLLY PINE PLANTATIONS IN 
THE PIEDMWT BY CLEARCUTTING WITH SEED IN PLACE- 

D. H. Van Lear, J. E. Douglass, S. K.2Fox, 
PI. K ,  Augspurger, and S, K ,  Nodine- 

Abstract.--Near-maturity plantations of loblolly pine in 
the Piedmont of South Carolina were successfully regenerated 
by clearcutting with seed in place. Three prescribed fires 
prepared the seedbed and adequately controlled hardwood 
competition. Two growing seasons after harvest, average 
seedling density on four watersheds was 21,160 stemslacre, 
but only about 3,400 were over 40 inches tall. An economic 
comparison of natural and artificial regeneration, plus the 
success of on-the-ground trials using natural regeneration 
demonstrates that clearcutting with seed in place is a viable 
low-cost alternative for regeneration of harvested pine 
plantations. 

INTRODUCTION 

Artificial regeneration of the Southern 
pines by clearcutting and planting has been a 
common practice for several decades. Initially, 
energy costs associated with mechanical site 
preparation were low, genetically improved seed- 
lings were on the horizon, machinery was being 
developed that could overpower a site, and 
successful establishment of plantations was 
almost assured. Foresters became enthralled 
with the seemingly overwhelming advantages of 
artificial regeneration. 

Artificial regeneration is expensive and 
most suited for landowners with capital to 
invest. Yet most forest land in the South is 
owned by small, nonindustrial landowners who 
can ill afford large initial investments. 
Neither do they have heavy equipment at their 
disposal for site preparation and planting, 
which, if improperly used, can physically 
harm the soil (May et aL. 1973, Foil and Ralston 
1967), especially in the Piedmont. 

In recent years, the cost of artificially 
regenerating cutover stands has escalated to 
where only larger private industrial ownerships 
are willing to pay the required establishment 
costs. As a result, many harvested pine 

plantations are not being regenerated back to 
pine. For example, over 42 percent of all pine 
types harvested in South Carolina between 
1968-78 have reverted to oak-pine or hardwood 
types (Sheffield 1979). In some other southern 
states, the percentage is higher. 

In order to maintain the pine type on 
nonindustrial private lands, low-cost alterna- 
tives to artificial regeneration must be used. 
Natural regeneration is one alternative. Lotti 
(1961) discussed advantages and potential of 
natural regeneration for loblolly pine in the 
Coastal Plain by relying on seed from trees to 
be harvested. He called it clearcutting with 
seed in place. However, the technique has 
received little testing in the Piedmont. 

The primary objective of our study was to 
evaluate the effect of prescribed burning and 
clearcutting on water quality of ephemeral 
Piedmont streams. This study afforded the 
opportunity to test clearcutting with seed in 
place under Piedmont conditions as a means of 
naturally regenerating loblolly pine plantations 
nearing maturity. In this paper, we discuss the 
techniques and results of the method, and the 
economic benefits that might ensue to the land- 
owner. 

METHODS 

Paper presented at Second Southern Study Area 
Silvicultural Research Conference, Atlanta, 
Georgia, November 4-5, 1982, Four small watersheds ranging from 1.5-3.1 

acres and supporting 36 to 37-year-old loblolly 
-&/ Professor, Department of Forestry, pine plantations were studied, These stands are 

Clemsoa University; Principal Hydrologist, in the Clemson Experimental Forest in the upper 
Coweeta Hydrologic Laboratory, USDA Forest Piedmont of South Carolina. Pine seedlings were 
Service, Otto, N.C.; Forestry Aides and planted in 1939-40 at 6 x 6 foot spacing. Pine 
Instructor, Department of Forestry, Clemson basal area of three previously thinned watersheds 
University, ranged from 78 to 100 feet2/acre, while the basal 



area of the single unthinned watershed was 
143 feet2/acre (Table 1). There was little 
understory development in the unthinned stand, 
whereas the understory of the thinned stands 
contained black cherry (Prunus serotina ehrh 

hickory (Carya spp.). Most understory stems 
were less than 3 inches in diameter at ground 
line. 

Soils on the watersheds are classified as 
typic Hapludults. Major soil series represented 
are Cecil, Madison, and Pacolet (Table 1). These 
soils are highly eroded after decades of row 
cropping, and the B horizon is now at or near 
the surface. Average slopes range between 11 and 
16 percent and the mld and lower slopes are 
dissected by ephemeral stream channels. 

Annual precipitation averages 51 inches and 
is generally well distributed throughout the 
year. In recent years, summer droughts of 
moderate-to-extended duration have occurred. 
Winter tends to be the wettest season with about 
30 percent of the annual precipitation. 

Prescriptlons and Sampling Procedures 

The four watersheds were burned three times 
to control the hardwood understory and prepare 
the seedbed for natural seeding. The first burn 
(none of the stands had any history of previous 
burning) was applied to all four watersheds 
March 11, 1977, three days after passage of a 
cold front which delivered 0.8 inches of rain. 
Air temperature was between 50-59°F and relative 
humidity was about 40 percent. The second burn 
was accomplished on September 20, 1978. Burning 
conditions were good with relative humidity 
between 25 and 50 percent, wind speed between 
5-10 mph, and air temperature between 81 and 90°F. 
About 2 weeks had passed since a significant rain, 
but high humidity had prevented excessive drying 
of fuels. 

These two burns would have probably been 
adequate for controlling understory hardwoods 
and preparing the seedbed, However, since a 
major objective was to evaluate the effects of 

fire on water quality, a third burn 
was applied on September 12, 1979 to provide 
additional data to satisfy this objective. 
Relative humidity was between 55-60 percent, 
winds were about 10 mph, and air temperature was 
about 81°F. The last significant rain was about 
a week prior to burning and the three days before 
burning were cool and dry. 

Burning technique was similar for all fires. 
A fire plow established a fuel break around each 
watershed. Back fires were set at the top of the 
slope against the fire break, After the back 
fire had moved downslope for perhaps 15 feet, 
strip head fires were ignited successively at 
about 30 feet intervals until the entire water- 
sheds were burned. 

Table 1, Site and stand characteristics of four watersheds, 

Following the third burn, seedfall for 
regeneration occurred during the months of 
October to December. The watersheds were 
harvested between December 17, 1979 and 
January 10, 1980. Trees were felled with 
chainsaws and skidded in tree-lengths with a 
winch-equipped crawler tractor. Logging slash 
was left as it fell on watersheds 61, 66, and 
68. On watershed 64, slash was bladed off the 
watershed to simulate whole-tree harvesting 
as part of another study. 

Prior to the first burn, the forest floor 
was collected from ten l-yard2 plots on each 
watershed. Postburn samples were collected from 
adjacent plots about one month after burning. 
Samples were ashed so that weights could be 
expressed on an organic matter basis. Forest 
floor consumption during the second and third 
burns were estimated from measured litter 
weights, assuming 20 percent litter moisture 
content, using table VI-F-7 of the Southern 
Forestry Smoke Management Guidebook (U.S. Forest 
Service 1976). This data was collected on two 
of the four burned watersheds. Understory 

Watershed Size Slope 
No. (ac . ) ( x )  

Soil Series Stand 
Age Basal Area 
(yr4 (~t.~/ac.) 

Cecil, Pladison 

Pacolet 

Pacolet 

Madison 

l ~ ~ e  in 1975 when study began 



vegetation and regrowth following harvest were 
sampled on four 1/40 acre plots on each watershed. 
The first inventory of understory vegetation was 
just prior to the first burn. Subsequent inven- 
tories were at the end of the growing season 
following the first fire, and at the end of the 
growing season following the third burn, which 
was also one growing season following clearcut- 
ting. Seedfall was measured in ten l-yard2 
trapslwatershed between September and December, 
1979. Seedling inventories were taken at the 
end of both the first and second growing seasons 
following clearcutting using 150 2.7 square foot 
quadrantslwatershed. 

RESULTS AND DISCUSSION 

One objective of the prescribed fires was 
to prepare the seedbed for natural regeneration. 
Burning with low intensity fires when the lower 
portion of the forest floor is moist, but the 
upper portion is crackling dry, consumes a 
relatively small proportion of the total forest 
floor (Richter et al. 1982). In this study, 
7156 pounds/acre (about 113) of forest floor 
material was consumed in the first burn (Table 2). 
It was estimated that 3676 pounds/acre was con- 
sumed in the second burn, which was approximately 
equal to the litter fall following the first burn. 
About 1573 pounds/acre was consumed in the third 
burn, which was 1/2 of the litter fall following 
the second burn, About 7 1/2 tons/acre of forest 
floor material remained after the third burn. 
However, the loss of the strawbrown, loose and 
fluffy L layer gave the appearance that most of 
the forest floor had been consumed. 

Table 2. Forest floor consumption by three low 
intensity prescribed fires on watersheds 
64 and 66. 

The second objective of the prescribed fires 
was to control hardwood competition, which may 
greatly reduce seedling survival and growth 
(Trousdell and Wenger 1963, Langdon 1981). The 
first burn dramatically reduced the number of 
hardwood stems between 0.5-2.5 inches (Table 3) ; 
but because of resprouting, the number of stems 
present in the < 0.5 inch diameter class the 
first growing season after burning increased 
sixfold. Stems were not counted after the 
second fire; but one growing season after the 
third fire, only 10 percent of the small diameter 
stems remained. Thus, these repetitive fires 
significantly reduced both total number and size 
of the hardwood competition. 

The most serious competjtion for the 
naturally seeded pines would be expected to come 
from stems in the 0.5-1.5 inch diameter class. 
One growing season after harvest, there were 
520 stemslacre in this diameter class with an 
average height of about 3.9 feet. However, this 
competition is not as severe as these numbers 
indicate, since many of these sprouts occurred 
in scattered clumps of multiple stems. 

Table 3. Size-class distribution of hardwood B 
competition before and after the first burn 
and after the third burn in near-maturity 
loblolly pine plantations, 

Diameter Pre-Burn Post-First Post-Third 
Size Class Burn Burn Burn 

- in. - - #/ace - 
< .5 3,040 18,640 1,683 

Litter Consumed 
Watershed First Second Third 

No. Burn Burn Burn 

Transects across watersheds following burn- 
ing indicated less than 1 percent mineral soil 
exposure following any burn. Retention of a large 
component of residual forest floor material is the 
principal reason why low intensity prescribed 
burning in these loblolly pine plantations had no 
adverse effect on erosion (Douglass and Van Lear, 
in press). 

Total 4,200 18,720 2,205 

* Ingrowth from the 1.5-2.5 inch class 

Timing of the seedbed preparation is critical 
when regenerating stands using clearcutting with 
seed in place. If burned too early, regrowth of 
competing vegetation will dominate the site before 
seedlings can become established. If burned too 
late, seed on the ground will be consumed by the 
fire. The last burn, therefore, should be late 
summer or early fall. Harvest can proceed after 
seed is in place but prior to spring germination. 



Seedfall during the fall of 1979 ranged 
between 79,400 to 116,200 seedlacre for the four 
watersheds. Seedlings began geminating in 
early April and continued until mid-May as 
frequent rains favored germination. At the end 
of the first growing season, stocking averaged 
17,195 seedlings/acre. Despite 53 percent 
mortality during a dry first growing season and 
subsequent droughty conditions, reseeding from 
the adjacent uncut stands increased stocking to 
21,160 seedlingslacre by the end of the second 
growing season (Table 4). 

Table 4. Average height, diameter, and density 
of loblolly pine seedlings two growing 
seasons after regeneration by clearcutting 
with seed in place. 

Watershed Basal 
No. Height Diameter Density 

- in. - - in. - - ii/ac. - 
6 1 19.8 .3 13,171 

Average 19.6 .3  21,160 

Logging exposed mineral soil on 20-25 percent 
of watersheds 61, 66, and 68 where logging slash 
was left on site. However, blading off all 
logging slash on watershed 64 exposed nearly 
50 percent bare soil. This probably accounts for 
the high stocking on this watershed. 

A preliminary analysis of seedling height 
distribution indicates that precommercial thinning 
may not be needed despite high stocking levels. 
Seedling heights ranged from 8 to 70 inches after 
three growing seasons; about 16 percent of the 
seedlings, or about 3,40O/acre, were greater than 
40 inches. These taller seedlings should compete 
successfully with the other vegetation that 
invaded the site. Distribution of seedlings, as 
determined by the percentage of plots stocked with 
at least one seedling was excellent, averaging 
78 percent for the four watersheds after the 
second growing season. The wide variety of 
microsites on these dissected and terraced 
watersheds may allow rapid differentiation into 
crown classes and negate the need for precommercial 
thinning. Further evaluation will be necessary. 

Thus, under the conditions of this study, 
clearcutting with seed in place is a viable 

method of naturally regenerating loblolly pine 
in the Piedmont. But can the landowner afford 
it, and how do investments in natural regenera- 
tion compare with those made in artificial 
regeneration? 

A cash-flow analysis comparing natural 
regeneration using seed in place with artificial 
regeneration by mechanical site preparation and 
planting was performed. A number of assumptions 
were made (Table 5). This analysis (Table 6) 
showed that a landowner could naturally regen- 
erate five times the acreage as could be arti- 
ficially regenerated for a given investment, 
assuming the indicated regeneration costs. His 
rate of return, after taxes, would be 16.4 percent 
for his investment in natural regeneration versus 
12.2 percent for his investment in artificial 
regeneration. 

In some cases, precommercial thinning may be 
necessary to reduce the stocking of overly dense 
natural stands. Assuming a cost of $35/acre for 
the precommercial thinning, the economic analysis 
indicated a rate of return on natural regeneration 
of 17.8 percent and nearly twice the acreage 
regenerated as compared to artificial regeneration. 
The higher rate of return for the precommercial 
thinning treatment is primarily due to the 
shortened rotation, i.e. 25 years versus 30 years 
for natural regeneration without precommercial 
thinning. Thus, precommercial thinning would be 
a good investment, although it would restrict the 
number of acres that could be regenerated if only 
a limited amount of capital is available for 
regeneration and early culture. 

From an economic standpoint, natural regen- 
eration by clearcutting with seed in place would 
be attractive to small timberland owners, both 
from the standpoint of return on the investment 
and the increased acreage that can be regenerated 
for a given sum of money. However, it must be 
emphasized that natural regeneration using this 
method does not just happen; it must be planned 
years in advance of harvest. Hardwoods must be 
controlled by one or more prescribed burns, or 
other methods, and seedbeds must be prepared at 
the proper time of year. Harvest must occur 
after seedfall but before germination and be 
designed to enhance seedling establishment. 
Natural regeneration is more dependent on rain- 
fall distribution, especially during the germi- 
nation period. 

To make natural regeneration a viable 
low-cost alternative to artificial regeneration, 
the forester will have to become more familiar 
with stands nearing maturity to prescribe treat- 
ments for seedbed preparation and hardwood control 
and to assess potential seed crops. Natural 
regeneration methods do work, but foresters will 
have to use their knowledge of silvics and 
silviculture to a greater degree to achieve 
consistently satisfactory results. 



Table 5. Assumptions in an economic comparison of artificial and natural regeneration with and without 
precomercial thinning. 

Artificial Regeneration Natural Regeneration 
No Precommercial Thinning Precommercial Thinning 

Piedmont site - S.I. 70' same site and stand 
supporting well-stocked 
loblolly pine with understory 
of small hardwoods 

rotation - 25 yrs. 

volume produced will be 
29 cordslac. in 25 yrs.* 

pulpwood, at today's prices, 
is $12/cd and will increase 
at 5% for the next 25 years 
to $40.64/cd 

site preparation (root rake 
and windrow) + planting = 
$100/ac. 

same site and stand 

30 years because 
due to high init 

of slowed growth 25 years because precommercial 
ial stocking thinning prevented slowing of 

early growth 

29 cordslac. in 30 years 29 cordslac. in 25 years 

pulpwood price - $12/cd, pulpwood price - $12/cd, 
increasing at 5% for the next increasing at 5% for the next 
30 years to $51.86/cd 25 years to $40.64/cd 

regeneration by clearcutting 
with seed in place using 
2 burns at $10 each for 
seedbed preparation 

regeneration by clearcutting 
with seed in place with 
precommercial thinning ($35/ac.) 
at age 5, plus two burns 
($20/ac. ) for seedbed 
preparation 

The following assumptions apply to all three situations: $1000 is available for investment in regeneration 
and early culture; the landowner is in a 28% tax bracket; 6% alternative investment rate is applied to 
intermediate incomes; capital gains treatment of harvest revenues is claimed; and initial investments 
received a 10% investment tax credit and 7 year amortization. 

* We make the unproven, but suspected, assumption that the growth increase from using genetically improved 
seedlings will be offset by site degradation from mechanical site preparation. Therefore, yields for 
artificial and natural regeneration will be similar. 



Table 6. Sumry of cash-flow analysis comparing rates of return on artificial regeneration with two cases 
of natural regeneration, based on the assumptions in Table 5. 

Natural Regeneration 
Without With 

Artificial Precommercial Precomercial 
Year Regeneration Thinning Thinning Activity 

First burn 

Second burn 

Site preparation and planting 

Investment tax credits (10%) 

Amortization of initial investment 

Precommercial thinning 

Deduct thinning costs on personal tax return 

Interest earned on reinvested incomes** 

Tax on interest earned 

Harvest income (acres regenerated x 
projected pulpwood price/cd) 

Tax on harvest income 

Effective compound annual rate of return 

Acres regenerated = $1000/regeneration + 
early cultural costs 

* Only $364 ($182 x 2) would be available for the seedbed preparation burns because $636 would be needed 
for the precommercial thinning at age 5. Total investment = $1000, 

** Reinvested incomes include investment tax credits, tax refunds from amortization of initial investment 
and deduction of thinning costs, and $636 held for five years until thinning occurred. 
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REGENERATING LOBLOLLY PINE BY NATURAL SEEDING AND 

1 / BY PLANTING I N  SOUWEASTERN LOUTSTMA- 

2 1 S.C. HF 

Abst rac t  -- A s tudy  was conducted t o  compare t h e  success  of 
c l e a r c u t t i n g  followed by p l an t i ng  w i th  t h a t  of n a t u r a l  regenera- 
t i o n  of l o b l o l l y  p ine  (Pinus taeda  L.) by seed-tree,  shelterwood, 
and s e l e c t i o n  methods. 

Resu l t s  a f t e r  4 yea r s  showed t h a t  t h e  seed-tree method had 
t h e  b e s t  mi lacre  s tocking  w i th  56 percent .  The free-to-grow seed- 
l i n g s  i n  c l e a r c u t  a r e a s  were t h e  t a l l e s t  and had t h e  l a r g e s t  d ia -  
meters ,  whereas i n  s e l e c t i o n  a r e a s  t h e  free-to-grow seed l i ngs  were 
only 1.9 f e e t  i n  he igh t  and l e s s  than 0.5 inches  i n  diameter .  

It h a s  been es t imated  t h a t  t h e  demand f o r  
t imber i n  t h e  U.S. w i l l  be g r e a t l y  increased  by 
t h e  ye a r  2000 and t h a t  t h e  South i s  des t ined  t o  
supply an increas ing  propor t ion  of t h e  n a t i o n ' s  
t imber needs (U.S. Fores t  Serv ice  1973). How- 
eve r ,  t h e  t r end  among non indus t r i a l  landowners i n  
t h e  South today i s  toward de fo r e s t a t i on .  For 
most of t h e  15 m i l l i o n  a c r e s  of non indus t r i a l  
f o r e s t s  harves ted  dur ing  t h e  p a s t  t e n  yea r s ,  no 
p rov i s i ons  were made f o r  regenera t ion  (Jordan & 
Balmer 1982). I f  t h e  i nc r ea s ing  demands f o r  t i m -  
b e r  a r e  t o  be  met, sound management of our  
f o r e s t s ,  inc lud ing  e f f e c t i v e  regenera t ion  is  very  
important  i n  order  t o  maximize t imber production 
from a s t e a d i l y  decreas ing  f o r e s t  acreage i n  t h e  
South . 

Although l o b l o l l y  p ine  (Pinus taeda L.) is  
one of t h e  most important  and most widely d i s -  
t r i b u t e d  t imber spec i e s  i n  t h e  South, few s t u d i e s  
have been conducted t o  compare t h e  e f f e c t i v e n e s s  
of t h e  va r i ous  n a t u r a l  regenera t ion  methods w i th  
hand p l an t i ng .  Small landowners l a ck  information 
a s  t o  t h e  most s u i t a b l e  regenera t ion  method f o r  
t h e i r  f o r e s t .  The purpose of  t h i s  s tudy is  t o  
compare t h e  success  of c l e a r c u t t i n g  followed by 
p l a n t i ng  w i th  t h a t  of n a t u r a l  regenera t ion  of 
l o b l o l l y  p ine  by seed- t ree ,  shelterwood, and se- 
l e c t i o n  methods. 

The s tudy  a r e a s  a r e  loca ted  on t h e  Middle 

I /  Paper presen ted  a t  Southern S i l v f cu l -  
t u r a l -~e sea r ch  Conference, A t l an t a  , Georgia, Nov. 
4 - 5 ,  1982. 

21 Associate  p ro f e s so r ,  Louisiana S t a t e  
u n i v e r s i t y  School of Fores t ry  and Wi ld l i f e  Man- 
agement, Baton Rouge, Louisiana 70803. 

Coas ta l  P l a i n  a t  LSU's Id lewi ld  Experiment Sta-  
t i o n  near  C l i n ton ,  LA and Lee Memorial Fo re s t  10 
mi les  west of Bogalusa. The predominant spe i ce s  
a t  t h e  Id lewi ld  s tudy s i t e  was l o b l o l l y  p ine  
mixed wi th  s h o r t l e a f  p ine  (I?-, echina ta  m i l l . )  and 
a s soc i a t ed  hardwoods. The l o b l o l l y  p ine  was a 
mature s t and ,  ranging from 50 t o  65 yea r s  o ld .  
Basal  a r e a  of l o b l o l l y  p ine  on t h e  s tudy  s i t e  
ranged from 49 f t 2 / a c r e  t o  94 f t 2 / a c r e .  The 
major s o i l  s e r i e s  a r e  Providence s i l t  loam, 
Lexington s i l t  loam, and Ruston sandy loam. The 
s i t e  index f o r  l o b l o l l y  p ine  i s  100 (Base age  50) 
a t  Id lewi ld .  A t  Lee Fo re s t ,  t h e  l o b l o l l y  p ine ,  
mixed w i th  hardwoods, averaged 50 yea r s  o l d  and 
i t s  b a s a l  a r e a  ranged from 60 f t 2 / a c r e  t o  99 
f t 2 / a c r e .  S i t e  index f o r  l o b l o l l y  p ine  on t h e  
s tudy  s i t e  a t  Lee Fores t  i s  90; t h e  major s o i l  
s e r i e s  is  Ruston f i n e  sandy loam. In each loca-  
t i o n ,  160 a c r e s  of mature l o b l o l l y  p ine  s t and  
were d iv ided  i n t o  e i g h t  20-acre p l o t s  (10 cha in s  
x 20 cha ins) .  Four regenera t ion  methods, c l e a r -  
c u t ,  seed-tree,  shelterwood, and s i ng l e - t r e e  se-  
l e c t i o n ,  were randomly assigned among p l o t s ;  and 
two r e p l i c a t i o n s  were e s t ab l i shed  i n  each loca-  
t ion.  

During t h e  summer of 1978, harves t  c u t t i n g s  
were made on c l e a r c u t ,  seed-tree,  shel terwood,  
and s e l e c t i o n  a r e a s  i n  bo th  l oca t i ons .  S ix  t r e e s  
per  a c r e  were s e l e c t e d  and r e t a ined  i n  seed-tree 
a r e a s ,  and 20 t r e e s  pe r  a c r e  were chosen and l e f t  
i n  shelterwood a r ea s .  A l l  merchantable t r e e s  were 
harves ted  i n  c l e a r c u t  a r ea s ,  and only a smal l  
po r t i on  of l o b l o l l y  p ine s  was s e l ec t ed  and r e -  
moved from s e l e c t i o n  a r e a s  i n  1978. Af t e r  har-  
ve s t i ng ,  t h e  c l e a r c u t  a r e a s  were chopped, burned, 
and hand-planted a t  a spacing of 8 '  x 8 '  i n  
February 1979. The seed t r e e s  l e f t  i n  s h e l t e r -  
wood and seed-tree a r e a s  were f i n a l l y  removed i n  



1980 (two years after harvest). Year-end checks 
of regeneration were made each year in both loca- 
tions. During the latest inventory in 1982, the 
total number of seedlings was counted; and the 
heights and diameters at ground level of the 
free-to-grow seedlings were measured. In order 
to eliminate side effects, only the interior 10 
acres of each 20-acre plot were sampled by use of 
20 milacre plots, The fourth-year results are 
presented in Table 1. 

Results show that the shelterwood treatments 
have the highest number of seedlings, averaging 
2,700 per acre. However, most of the seedlings 
in the shelterwood areas are small and overtopped 
by hardwoods. These overtopped seedlings may not 
survive without some form of release. A more 
accurate picture of the future stand should be 
based on at least one free-to-grow seedling per 
milacre. The seed-tree method has the best 
milacre stocking with 56 % free-to-grow seed- 
lings. Derr and Mann (1971) reported that 55 
% is a commonly accepted minimum criterion for 
successful milacre stocking. The other three 
treatments (clearcut, shelterwood, and selection) 
are not so well stocked. However, Campbell and 
Mann (1973) stated that 40 % stocking after three 
years is considered the lower threshold for an 
acceptable stand. On this basis the clearcut- 
with-planting (48 %) and shelterwosd treatment 
(47 %) are stocked in acceptable numbers. The se- 
lection treatment has only 25 % of its milacres 
stocked with free-to-grow seedlings. Since this 
regeneration method is designed to produce an 
uneven aged stand, it is difficult to judge the 
success of this method at the present time. 

The average heights and diameters of the 
free-to-grow seedlings for the seed-tree and 
shelterwood treatment are almost identical. 
However, the average heights and diameters of 
these two treatments differ greatly from clearcut 
and selection methods. The free-to-grow 
seedlings in clearcut areas are the tallest 
(11.8') and have the largest diameters (2.3"), 
whereas in selection areas the free-to-grow 
seedlings are only 1.9 feet in height and less 
than 0.5 inch in diameter at the ground level. 

The selection method requires much knowledge 
and skill to apply efficiently and takes a 
continuing comitment to carry out the 
regeneration process. It may not be wise for a 
small landowners to use the selection method to 
regenerate loblolly pine stands, except for a 
special reason, such as wildlife or soil and 
water protections. 

The seed-tree method has more free-to-grow 
seedlings and is generally less expensive than 
planting. Because fewer trees are required to be 
left in the seed-tree method than in shelterwood 
and selection methods, there is less logging 
damage to the seedlings when the leave trees are 
harvested. However, the seed-tree method should 
not be considered superior to other methods 
solely on the basis of this study. The choice of 
a regeneration method should be made after 
careful consideration of all biotic and economic 
factors which may affect the results and 
economics of the method. 

Table 1. Fourth-year inventory of loblolly pine seedlings by regeneration method in Louisiana. 

Rating factor & Unit 'Iearcut with Seed-tree Shelterwood Selection hand-p lant ing 

Total seedlingsfbc. (no. ) 17 50 2250 2700 2212 
Ave. Ht.of free-to-grow seedlings (ft.) 11.8 7.8 7.5 1.9 
Ave, dia, of free-to-grow seedlings (in.) 2.3 1.4 1.3 ~0.5 
Milac. stocked wfseedlings (%) 65 7 4 6 8 5 4 
Milac. stocked wffree-to-grow seedlings (%) 4 8 5 6 4 7 2 5 
Milac. stocked only wfovertopped seedlings (%) 17 18 2 1 2 9 
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CHOCTAhxATCHEE SAND PINE SURVIVAL, HEIGHT, AI?D BIOMASS 
l/ L/ I N  SOUTH CmOLINA: THIRD-YEAR RESULTS- 

3 / W .  Henry McNab- 

and 
4 /  R. H .  Brendernuehl- 

Abstract.--Choctawhatchee sand p ine  (Pinus czausa v a r .  
immwimta Ward) s e e d l i n g s  from t h r e e  F l o r i d a  n u r s e r i e s  were 
p l a n t e d  on deep sand,  sc rub  oak s i t e s  i n  South Caro l ina  t o  
s tudy  e f f e c t s  of nurse ry  s e e d l i n g  source ,  s o i l  amendments, 
p l a n t i n g  method, and grade  on s u r v i v a l  and growth. Three 
y e a r s  a f t e r  p l a n t i n g ,  s u r v i v a l  averaged 68  percen t  and h e i g h t  
3.2 f e e t .  Ne i ther  nurse ry  of o r i g i n  nor  s o i l  amendment 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 e d  s u r v i v a l  o r  h e i g h t .  Machine- 
p l a n t e d  s e e d l i n g s  had s i g n i f i c a n t l y  g r e a t e r  s u r v i v a l  than those  
p l a n t e d  by dibble-bar .  Seed l ing  morphological  g rade  had g r e a t e r  
e f f e c t  on h e i g h t  than on s u r v i v a l .  P r e d i c t i o n  equa t ions  a r e  
g iven  f o r  e s t i m a t i n g  t o t a l - t r e e  and component g reen  weight  
from t r e e  h e i g h t  and d iameter  a t  the  base of t h e  crown. 

INTRODUCTION b e t t e r  than  l o b l o l l y  ( F .  taeda L.)  , s l a s h  (P. 
e Z Z i o t t i i  v a r .  e Z Z i o t t i i  Engelm.), Ocala sand (P. 

Over 6 m i l l i o n  a c r e s  of commercial f o r e s t  l and  eZausa var .  ~ Z a u s a  (Chapm.) Vasey) , and longleaf  p i n e  
i n  Georgia and South Caro l ina  a r e  i n  t h e  S a n d h i l l s  (Hebb 1982). I n  some l a r g e r  p l a n t i n g s  i n  Georgia 
phys iographic  province ( f i g u r e  1 ) .  S o i l s  t h e r e  a r e  (Pres ton  and P r i c e  1979) and South Caro l ina  (McNab 
l a r g e l y  d r y ,  i n f e r t i l e ,  deep sands.  Longleaf p i n e  and C a r t e r  1981), sand p i n e  has  a l s o  performed w e l l .  
(P, p a z u s t r i s  Mi l l . )  was t h e  main commercial s p e c i e s  
on t h e s e  sites, b u t  i t  was c u t  and d i d  n o t  ade- 
q u a t e l y  regenera te ,  p o s s i b l y  because n a t u r a l  seed 
sources  were i n s u f f i c i e n t .  Many a r e a s  a r e  now 
stocked wi th  low va lue  s t a n d s  of sc rub  oaks (Burns 
and Hebb 1972). Regenerat ion wi th  longleaf  p i n e  
o f t e n  i s  n o t  a t tempted because s e e d l i n g  m o r t a l i t y  
is  u s u a l l y  h igh  and s i t e  p r o d u c t i v i t y  is low. 

Although i ts  n a t u r a l  range is  l a r g e l y  r e s t r i c t -  
ed t o  F l o r i d a ,  Choctawhatchee sand p i n e  is a prom- 
i s i n g  a l t e r n a t i v e  t o  longleaf  p ine  f o r  f i b e r  and 
biomass p roduc t ion  i n  t h e  Georgia and South Caro l ina  
s a n d h i l l s .  I n  s m a l l  s c a l e  t e s t s  i n  Georgia and 
South Caro l ina ,  Choctawhatchee sand p i n e  performed 

I / p a p e r  p resen ted  a t  Second 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 ,  GA, 
November 4-5, 1982. 

2/Cooperative s tudy  wi th  Savannah River  F o r e s t  
S t a t i o n ,  USDA, R-8, Nat iona l  F o r e s t  System, Aiken, SC. 

F igure  1.--Principal  a r e a s  of s a n d h i l l  s o i l s  i n  
2 / S i l v i c u l t u r i s t ,  USDA, F o r e s t  Serv ice ,  Georgia and South Caro l ina .  

Southeas te rn  F o r e s t  Experiment S t a t i o n ,  F o r e s t r y  
Sciences Laboratory,  Athens, GA. Choc tawhatchee sand p i n e  is comparable w i t h  

o t h e r  sou thern  p i n e s  f o r  convent iona l  p roduc ts  
d / ~ i l v i c u l t u r i s  t (Ret i red)  , USDA, F o r e s t  Ser- (Brendemuehl 1981) . I n t e r e s t  a l s o  has developed 

v i c e ,  Southeas te rn  F o r e s t  Experiment S t a t i o n ,  i n  u t i l i z i n g  Choctawhatchee sand p i n e  a s  a  biomass 
Har i  anna , FL . s p e c i e s  because of i ts  h igh  f i b e r  p roduc t ion  a t  



close  spacing on dry s i t e s  (Rockwood e t  a l .  1980), 
but biomass predic t ion  equations a r e  ava i l ab l e  only 
f o r  p lanted  t r e e s  6 years  of age and o lde r ,  

This paper r epo r t s  e a r l y  su rv iva l  and he ight  
growth, and biomass p red i c t i on  equations f o r  Choc- 
tawhatchee sand pine i n  research  and commercial 
s i z e  p l an t ings  on the  Savannah River P l an t  (SRP), 
near Aiken, South Carolina.  

Choctawhatchee sand pine seedl ings  were obtain-  
ed from th ree  nu r se r i e s  i n  northwest F lor ida .  Two 
of the  nu r se r i e s ,  one operated by the Flor ida  Divi- 
s ion  of Fores t ry  (FDF) and the  o the r  by indus t ry  
(IND), supplied 1-0 seedl ings .  The t h i r d  nursery,  
on the Chipola Experimental Fores t  (CEF), maintained 
by the  Southeastern Fores t  Experiment S t a t i on ,  sup- 
p l i ed  2-0 seedl ings .  Nursery management and l i f t i n g  
procedures were not  recorded. Randomly se l ec t ed  
samples of seedl ings  from each nursery were measured 
and weighed. Rootlshoot r a t i o  was ca l cu l a t ed  by 
d iv id ing  roo t  f r e sh  weight by shoot f r e s h  weight. 

Seedlings were s to red  a t  40° F i n  t h e i r  or ig-  
i n a l  packaging container u n t i l  p lant ing .  FDF and 
I N D  seedl ings  were packed root-to-root, i n  open- 
ended ba l e s .  Sawdust was used t o  keep IMD seedl ing  
roo t s  moist .  Roots of t he  FDF seedl ings  were dipped 
i n  a c lay  s l u r r y  a t  t he  nursery. The CEF seedl ings  
were packed i n  sea led  poly-kraft  bags. Water was 
added pe r iod ica l ly  t o  keep the  roo t s  moist. 

Seedlings were planted during February and 
March 1979 on various s i t e s  and by d i f f e r e n t  methods, 
and su rv iva l  and height  growth were monitored. Two 
types of f i e l d  p lant ings  were es tabl i shed .  Small, 
s t a t i s t i c a l l y  designed s t u d i e s  were used t o  evalua te  
e f f e c t s  of nursery seedl ing  source and s o i l  amend- 
ments. Larger, nondesigned areas  were planted t o  
evalua te  problems and r e s u l t s  of opera t ional  hand- 
l i n g  and p lant ing  of Choctawhatchee sand pine.  Sig- 
n i f i c a n t  t reatment d i f f e r ences  i n  the  s t a t i s t i c a l l y  
designed experimental p lant ings  were determined 
using Duncan's Mult iple Range Tes t  a t  t he  95 percent  
l e v e l  of p robab i l i t y .  Results  from l a r g e r  p lant ings  
were evaluated by comparing average su rv iva l  and 
he ight  i n  randomly se l ec t ed  rows of seedl ings .  

Research Plant ings  

E f fec t s  of nursery source on su rv iva l  and 
he ight  growth were determined on Lakeland (Typic 
Quartzipsamment) s o i l s  prepared by windrowing and 
roo t  raking.  Seedlings were planted with dibble-  
ba r s  a t  10x10 foo t  spacing,  on 0.06 a c r e  p l o t s ,  
r ep l i ca t ed  th ree  times i n  a complete block design.  

Anaerobically d iges ted ,  d r i ed  sewage sludge 
(est imated t o  conta in  about 3% N and 1% P),  from 
Aiken, SC, was evaluated a s  a s o i l  amendment on a 
small a r e a  of Lakeland s o i l  t h a t  was s i t e  prepared 
by d isk ing  the  ground cover of grasses ,  l i chens ,  
and c a c t i .  CEF seedl ings  were dibble-bar planted 
by a s i n g l e  opera tor  a t  5x5 foo t  spacing on 0.01 
ac re  p l o t s .  A complete block design r ep l i ca t ed  
th ree  times was used t o  t e s t  s i x  treatments:  (A) 
sewage sludge broadcast  and disked a t  a  r a t e  of  
18.2 tons per a c r e  o r  about 0.5-inch deep; 

(B) sewage sludge broadcast  and disked a t  a  r a t e  
of 9.1 tons per acre ;  (C) 1 cup of dr ied  sewage 
sludge placed i n  t he  c lo s ing  hole;  (D) 1 cup of 
sawdust placed i n  t h e  c los ing  hole ;  (E) 10-10-10 
f e r t i l i z e r  broadcast a t  a  r a t e  of 5.4 tons per  a c r e  
i n  a s p l i t  appl ica t ion:  one-half was applied before  
d isk ing  and the  balance was applied i n  Ju ly ;  and 
(F) cont ro l ,  no treatment.  Treatment D simulated 
the  organic matter  i n  treatment C ,  bu t  without n u t r i -  
en t s .  The t o t a l  amount of n i t rogen applied i n  t r e a t -  
ment E was about t he  same a s  t h a t  i n  treatment A. 

Operat ional  P lant ings  

Two l a r g e r  a r eas  were opera t ional ly  p lanted  t o  
evalua te  e f f e c t s  of methods of p lant ing  and morpho- 
l o g i c a l  grade on su rv iva l  and growth. P lant ing  
method was evaluated on 5 a c r e s  of Lucy (Arenic 
Paleudult)  s o i l  t h a t  had been prepared by shear ing  
and windrowing. Lucy is a well-drained s o i l  with 
sand only about 40 inches deep, and is usual ly  
planted i n  l o b l o l l y  pine.  A s i n g l e  operator  p lanted  
seedl ings  from the  t h ree  nu r se r i e s  with a Whitf ield 
wildland p l an t e r  and a dibble-bar a t  a  s i n g l e  spacing. 
The e f f e c t  of t o p s o i l  displacement during s i t e  prep- 
a r a t i o n  on t h i s  a r e a  was evaluated by comparing 
he ight  of seedl ings  p lanted  i n  the  f i r s t  row para l -  
l e l l i n g  windrows, with he ight  of seedl ings  planted 
i n  the  second row, about 8 f e e t  away. 

FDF seedl ings  were v i s u a l l y  graded as  l a rge ,  
medium, o r  small .  They were machine-planted on a 
2.5-acre t r a c t  of Lakeland s o i l s  which had been pre- 
pared by prescribed burning 3 years e a r l i e r ,  and 
twice unsuccessfully planted t o  longleaf pine.  

Predic t ion  equations f o r  es t imat ing  the  t o t a l -  
t r e e  and major component green weight of indiv idual  
stems were developed from a sample of 18 t r e e s ,  
ranging from 1.6 t o  7.3 f e e t  i n  he ight ,  t h a t  were 
growing on Lakeland s o i l s .  

RESULTS AND DISCUSSION 

Prec ip i t a t i on  on the  SRP averages about 47 
inches annually,  and is usual ly  wel l  d i s t r i b u t e d  
throughout t he  growing season. During the  f i r s t ,  
second, and t h i r d  years  a f t e r  p lant ing ,  annual pre- 
c i p i t a t i o n  averaged 55, 43, and 48 inches. Seedling 
su rv iva l  and he ight  were determined on a l l  planted 
a r eas  during the  e a r l y  spr ing  of 1982, a f t e r  t h r e e  
growing seasons . 

I n i t i a l  S ize  Comparisons 

Seedlings from the  t h ree  nu r se r i e s  d i f f e r ed  
i n  s i z e ,  weight, and appearance ( f i gu re  2) .  Root 
systems of CEF seedl ings  were small ,  and the  FDF 
seedl ings  were l a r g e s t ,  except f o r  average top 
length ( t a b l e  1 )  . Seedlings from a l l  sources had 
a t  l e a s t  8 inches of top growth, which is des i r ab l e  
f o r  outp lant ings  (Sampson 19 73) . F i r s  t-year top 
growth f o r  the  2-0 CEF seedl ings  i n  the  nursery bed 
was 6.5 inches. 

Nursery Source Comparisons 

Source nursery d id  not  s i g n i f i c a n t l y  a f f e c t  
t o t a l  he ight  o r  mean p l o t  su rv iva l ,  even though 
s i z e s  of seedlings d i f f e r ed  by nursery. Average 



Figure  2.--Typical Choctawhatchee sand p i n e  seed- 
l i n g s  from t h e  F l o r i d a  D i v i s i o n  of F o r e s t r y ,  
I n d u s t r i a l ,  and Chipola Experimental F o r e s t  
n u r s e r i e s .  

Table 1.--Size and weight of Choctawhatchee sand 
p i n e  s e e d l i n g s  from t h r e e  source  n u r s e r i e s  

Root Root/ 
Nursery Top c o l l a r  Shoot Root shoot  
source  l e n g t h  diameter  weight  weight r a t i o  

- - - Inch - - - - - - - - Gram - - - - 
FDF 8.4 0.15 8.19 2.54 0 .31  
I N D  8.7 .10 3.40 .82 .24 
CEF 10.7 .12 7.19 .98 .14 

Average 9 . 3  

FDF IND CEF 

Nursery Source 

F igure  3.--Third-year s u r v i v a l  and h e i g h t  of sand 
p ine  s e e d l i n g s  from t h r e e  sources  p lan ted  on 
Lakeland s o i l s ,  + s t a n d a r d  e r r o r  of t h e  mean. 

th i rd -year  s u r v i v a l  and h e i g h t  of dibble-bar  p l a n t e d  
s e e d l i n g s  from t h e  t h r e e  n u r s e r i e s  a r e  shown i n  f i g -  
u r e  3. Considerable  v a r i a t i o n  was p r e s e n t  i n  t h e  
f i e l d  d a t a ,  a s  shown by t h e  s t a n d a r d  e r r o r s  of t h e  
mean. The low s u r v i v a l  r a t e  f o r  t h e  2-0 CEF seed- 
l i n g s  i n d i c a t e s  l i t t l e  p r a c t i c a l  advantage i n  l e a v i n g  
sand p i n e  s e e d l i n g s  i n  t h e  nurse ry  bed an a d d i t i o n a l  
year ,  u n l e s s  they a r e  s u r p l u s  t o  c u r r e n t  needs and 
can be used t h e  fol lowing y e a r  (McLemore 1982). 
Working wi th  t h e  Ocala v a r i e t y  of sand p ine ,  Cooper 
e t  a l .  (1959) r e p o r t e d  t h a t  lower s u r v i v a l  of 2-0 
s e e d l i n g s  was probably due t o  s m a l l e r  root-to-shoot 
r a t i o s .  These r e s u l t s  i n d i c a t e  t h a t  source  n u r s e r y  
may n o t  b e  a s  important  t o  s u r v i v a l  and growth of 
sand p i n e  s e e d l i n g s  a s  i t  seems t o  be f o r  longleaf  
p i n e  (Parker  and Haines 1980). 

S o i l  Amendments 

Average s u r v i v a l  and h e i g h t  of s e e d l i n g s  
p l a n t e d  a f t e r  v a r i o u s  s o i l  t r ea tments  was: 

Treatment Surv iva l  Height 

Percent Feet 

A 81.2 3.9 
B 81.2 3.3 
C 87.5 3.3 
D 81.2 2.9 
E 66.7 2.7 
F 70.8 2.9 

None of t h e  t rea tments  shown 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  from t h e  c o n t r o l  o r  each o t h e r .  

Brendemuehl (1972) repor ted  a  h e i g h t  and d i a -  
meter  response t o  N and P f e r t i l i z a t i o n  by sand 
p i n e  s e e d l i n g s  i n  a  greenhouse and by 4-year-old 
s a p l i n g s  i n  t h e  f i e l d .  The l a c k  of h e i g h t  response  
t o  10-10-10 f e r t i l i z a t i o n  i n  t h i s  s t u d y  may have 
been due t o  i n a b i l i t y  of t h e  newly p lan ted  s e e d l i n g s '  
r e s t r i c t e d  r o o t  system t o  e f f e c t i v e l y  u t i l i z e  t h e  
s o l u b l e  n u t r i e n t s  b e f o r e  l each ing  occurred i n  t h e  
sandy s o i l s .  Although sewage s ludge  d i d  n o t  s i g -  
n i f i c a n t l y  b e n e f i t  s e e d l i n g  h e i g h t  a t  3  y e a r s ,  t h e  
s lowly r e l e a s e d  organ ic  forms of N and P i n  t h e  
sewage s ludge  w i l l  be a v a i l a b l e  f o r  s e e d l i n g  growth 
over  a  longer  per iod .  

Applying l a r g e  amounts of 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  a t  t h e  t ime of p l a n t i n g  is no t  economical 
and may i n c r e a s e  s e e d l i n g  m o r t a l i t y .  Other vegeta-  
t i o n ,  e s p e c i a l l y  g r a s s e s  and c a c t i ,  qu ick ly  responded 
t o  s u r f a c e  a p p l i c a t i o n s  of sewage s ludge  and f e r t i l -  
i z e r ,  and competed wi th  t h e  sand p i n e  s e e d l i n g s  f o r  
s o i l  mois tu re .  The very h igh  c o n c e n t r a t i o n  of 
s o l u b l e  s a l t s  i n  t h e  commercial f e r t i l i z e r  may have 
increased  m o r t a l i t y  by r e v e r s e  osmosis of w a t e r  from 
t h e  r o o t s  of some newly p lan ted  s e e d l i n g s .  Most 
m o r t a l i t y  occurred dur ing  t h e  f i r s t  t h r e e  months 
a f t e r  p l a n t i n g  and l i t t l e  t h e r e a f t e r .  

P l a n t i n g  Method 

Machine and dibble-bar  p l a n t i n g  were compared 
us ing  a l l  s e e d l i n g  sources  on an  a r e a  prepared by 
shear ing  and windrowing dur ing  t h e  prev ious  summer. 
Seed l ings  p l a n t e d  w i t h  t h e  dibble-bar  averaged over  
0.5 f o o t  t a l l e r  than those  p l a n t e d  by machine, b u t  
t h i s  d i f f e r e n c e  was 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  



( t a b l e  2) .  I n  genera l ,  CEF seedl ings  were t a l l e s t  
among t h e  t h r e e  sources  and grew p a r t i c u l a r l y  w e l l  
when p lan ted  by dibble-bar .  

Table 2.--Effects of dibble-bar  and machine p lan t -  
i ng  methods on s u r v i v a l  and he igh t  of sand p ine  
s e e d l i ngs  from t h r e e  n u r s e r i e s  

Surv iva l  Height 
Nursery 
source  Dibble-bar Xachine Dibble-bar Machine 

- - -  Percent - - - - - - Feet - - - - 
FDF 76 8 8 3.6 3.5 
I N D  56 95 4 .O 3.5 
CEF 7 6 8 3 5 .1  4 .O 

~ v e r a g g '  69* 89 4.2ns 3.7 

A/* i n d i c a t e s  d i f f e r e n c e  i n  mean s u r v i v a l  is 
s i g n i f i c a n t  a t  t he  0.95 percent  l e v e l ;  ns  i n d i c a t e s  
t he  d i f f e r ence  i n  mean he igh t  is  not  s i g n i f i c a n t .  

Mean s u r v i v a l  was 20 percent  h ighe r  f o r  seed- 
l i n g s  p lan ted  by machine compared t o  dibble-bar;  
t h i s  d i f f e r e n c e  was s i g n i f i c a n t  a t  the  5 percent  
l e v e l  i n  a  t - t e s t  of unpaired p l o t s .  P a r t  of t h i s  
d i f f e r ence  may be a t t r i b u t e d  t o  excess ive  drying of 
f i n e  r o o t s  during hand p l an t i ng .  Overa l l ,  mean 
s u r v i v a l  of dibble-bar  p lan ted  s eed l i ngs  was 69 per- 
c e n t ,  about  the  same a s  f o r  t he  nursery source  t e s t ,  
bu t  the  i nd iv idua l  s u r v i v a l  r a t e s  of I N D  and CEF 
sources  were d i f f e r e n t .  Cooper e t  a l .  (1959) found 
no s i g n i f i c a n t  d i f f e r ence  i n  s u r v i v a l  when p l an t i ng  
Ocala sand p ine  with dibble-bar  compared t o  machine. 

Regardless  of nursery  source o r  p l an t i ng  method, 
s u r v i v a l  of Choctawhatchee sand p ine  has remained 
almost cons tan t  s i n c e  t h e  f i r s t  f i e l d  check was made 
3 months a f t e r  es tab l i shment .  I n  c o n t r a s t ,  annual  
m o r t a l i t y  i n  s t ands  of o t h e r  spec i e s  on s a n d h i l l  
s o i l s  is r e l a t i v e l y  h igh  (Brendemuehl 1981), which 
makes t he  f i n a l  l e v e l  of s tocking  uncer ta in .  

Seedlings p lan ted  next  t o  t h e  windrows averaged 
4.0 f e e t  i n  he igh t  whi le  seed l ings  i n  t he  next  row 
averaged only 3.5 f e e t .  The d i f f e r ence  i n  he igh t  
was s i g n i f i c a n t  based on a pa i r ed  t - t e s t  and i nd i -  
c a t e s  t h a t  n u t r i e n t s  and organic  m a t e r i a l  i n  t he  
d i sp laced  t o p s o i l  can a f f e c t  s eed l i ng  growth on a 
moderately f e r t i l e  s i t e .  On i n f e r t i l e  s a n d h i l l  
s o i l s ,  choice  of s i t e  p r epa ra t i on  methods t h a t  con- 
s e rve  a v a i l a b l e  n u t r i e n t s  is even more important .  

MORPHOLOGICAL GRADE 

The FDF seedl ings  used i n  t h i s  t e s t  va r i ed  
widely i n  s i z e  and appearance ( f i g u r e  4 ) .  Root 
c o l l a r  diameter  averaged 0.21, 0.14, and 0.11 inch 
f o r  samples of l a rge ,  medium, and smal l  s eed l i ngs .  
Grade had l i t t l e  e f f e c t  on s u r v i v a l ,  which averaged 
about 95 percent  ove ra l l :  

Grade Su rv iva l  Height 

Perean t Pee t 

Small 9 3.6 3.6 
Medium 95.1 5 . 1  
Large 95.7 5 .O - 
Average 94 -9  4.6 

Grade, however, d id  i n f l uence  he igh t  a t  age  3; 
sma l l  seed l ings  were about 1 . 5  f e e t  s h o r t e r  than  
medium o r  l a r g e  s eed l i ngs .  These r e s u l t s  i n d i c a t e  
t h a t  grade seems t o  be l e s s  important  i n  p l a n t i n g  
Choctawhatchee sand p ine  compared t o  o the r  s p e c i e s ,  
e s p e c i a l l y  longleaf  p ine  (White 1978). 

F igure  4.--Small, medium, and l a r g e  grades of 
Choctawhatchee sand p ine  s eed l i ngs  from F l o r i d a  
Div is ion  of Fo re s t ry  nursery .  

Su rv iva l  of s eed l i ngs  i n  t h i s  t e s t  was exce l -  
l e n t ,  d e s p i t e  an unplanned, long period of r e f r i g -  
e r a t e d  s t o r age .  FDF seed l i ngs  were he ld  f o r  28 
days a t  40' F and p lan ted  i n  e a r l y  March, when a i r  
temperature ranged from 65-75" F. Under proper  con- 
d i t i o n s ,  Choctawhatchee sand p ine  seed l ings  can be  
s t o r e d  f o r  r e l a t i v e l y  long per iods  with l i t t l e  l o s s  
of v igo r .  Burns (19 75) machine-planted Choc tawhatchet 
sand p ine  s eed l i ngs  s t o r e d  i n  un re f r i ge r a t ed  b a l e s  
f o r  1 t o  8 days,  and found no d i f f e r ence  i n  f i r s t -  
year  s u r v i v a l .  

Biomass P red i c t i on  

P red i c t i on  equa t ions  developed f o r  e s t ima t i ng  
green  weight of t o t a l  t r e e  wood, bark ,  and f o l i a g e  
(TTWF), wood and bark (TTWB), and wood (TTW) a r e :  

TTWBF ( l b s )  = 0.83488 X DBC2TH 0.67030 
(1) 

TTWB ( l b s )  = 0.42228 X DBC2TH 0.68162 
( 2 )  

TTW ( l b s )  = 0.25344 X D B C ~ T H ~ '  79348 (3) 

where : 

DBC2 = squared stem diameter  a t  t he  base  of t h e  
crown i n  inches ,  

TH = t o t a l  he igh t  i n  f e e t .  

2 The c o e f f i c i e n t s  of de te rmina t ion  (R )--0.96, 0.94, 
and 0.95 f o r  equa t ions  1, 2 ,  and 3--indicate a  c l o se  
r e l a t i o n s h i p  between t r e e  component green weights  
and t h e  independent va r i ab l e .  Because t h e  p r e d i c t i o n  
equa t ions  were developed from sap l i ngs  a t  on ly  one 
l o c a t i o n ,  t h e  u se r  should v e r i f y  t h e  accuracy of 
es t imated  weights .  



Early survival and growth of Choctawhatchee 
sand pine seedlings from three nurseries planted in 
the South Carolina sandhills does not seem to be 
strongly affected by seedling grade, which may re- 
sult from variation in nursery management practices, 
or by soil amendments. Choctawhatchee sand pine 
seedlings can be reliably planted by machine with 
high survival. Early survival is a good indication 
of stocking throughout the rotation. 
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FACTORS INFLUENCING SmVIVAL AND EARLY STOCKING 

l / TRE1"3DS I N  PUTATION OF LOBLOLLU PINT3 - 
2 f  G. Kenneth Xydias - 

Abstract.--About 500 p l o t s  were e s t ab l i shed  on a v a r i e t y  
of  p lant ing  s i t e s  over a two-year period on land owned by 
Continental  Forest  Indus t r i e s .  Detai led observations were 
made f o r  each t r e e  and p l an t ing  spot  s h o r t l y  a f t e r  p lant ing  
and again  a f t e r  one year.  Counts of l i v e  planted t r e e s  were 
obtained two and th ree  years  a f t e r  p lant ing .  Survival  was 
only poorly r e l a t e d  t o  i n i t i a l  condi t ions  of t he  t r e e  o r  
p l an t ing  spot .  Ninety-five percent  o r  more of t he  t r e e s  t h a t  
survived the  f i r s t  growing season continued t o  surv ive  i n  sub- 
sequent years .  

INTRODUCTION 

Fores ters  have been e s t ab l i sh ing  pine planta-  
t i o n s  i n  t h e  South f o r  more than 30 years.  There 
can be l i t t l e  quest ion t h a t  much of t h i s  p l a n t h g  
e f f o r t  has  been successfu l .  However, many exam- 
p l e s  of  poor su rv iva l  have been noted. Wil l i s ton  
(1972), i n  reviewing su rv iva l  records over a s ix-  
teen-year period of p lant ing  on t h e  Yazoo-Little 
Tal lahatchie  Flood Prevention P ro j ec t ,  found t h a t  
only t h r e e  of those years  had su rv iva l  percentages 
exceeding e ighty  percent .  Likewise, Marler (1963), 
showed t h a t  su rv iva l  experience f o r  a three-year 
period i n  t he  Virginia c o a s t a l  plan never exceeded 
e ighty  percent .  More r ecen t ly  t h e  American Pulp- 
wood Associat ion pol led  its members a s  t o  t h e i r  
p l an t a t i on  establishment p r a c t i c e s  and su rv iva l  
experience. The membership genera l ly  reported a 
r e l a t i v e l y  s t a b l e  su rv iva l  t rend u n t i l  the  mid- 
1970's when dec l ines  were noted (Weaver and o the r s  
1982) . 

The reasons f o r  poor su rv iva l  a r e  always 
uncer ta in .  Drought condi t ions  e i t h e r  a t  p l an t ing  
o r  during the  f i r s t  growing season afterwards is 
a f a v o r i t e  one (Wakeley, 1954, Malac, 1965). 
Others inc lude  nursery p r a c t i c e s  including l i f t i n g  

I /  Paper presented a t  t h e  second biannaul 
south& S i l v i c u l t u r a l  Research Symposium, 
November 4-5, 1982, At lanta ,  Georgia. 

2 1  Author is Division Research Fores ter ,  
ContiGental Fores t  Indus t r i e s ,  Savannah, Georgia. 

and packing (Weaver and o the r s  1982, Barnard and 
H o l l i s  1980), s torage  under f reez ing  condi t ions  
(McClurkin 1966); and improper p lant ing  of  seed- 
l i n g s .  Proper seedl ing  ca re  and handling from t h e  
nursery through de l ive ry  t o  an intermediate s to rage  
a r ea  is discussed by B r i s s e t t e  and o the r s ,  (1981), 
while Xydias and o the r s ,  (1981) fol low t h i s  through 
the  p lant ing  job. 

The reasons f o r  poor su rv iva l  must be i den t i -  
f i e d  before they r e s u l t  i n  a f a i l u r e  so t h a t  
co r r ec t ive  ac t ion  may be taken. Too of ten ,  reasons  
a r e  pos tu la ted  t o  expla in  f a i l u r e s  but whether 
t h a t  explanation is correct is another mat ter .  
Correct ive ac t ions  based on erroneous assumptions 
may be worse than tak ing  no ac t ion  a t  a l l .  

STUDY DESCRIPTION 

This study i s  p a r t  of the surv iva l  s t u d i e s  
e s t ab l i shed  by Continental  Forest  Indus t r i e s  and 
reported previously (Xydias 1980). It is known 
a s  t he  post  mortem study and was es tabl i shed  f o r  
two reasons.  One was t o  provide de t a i l ed  in fo r -  
mation about why indiv idual  t r e e s  died,  and how 
t h e i r  death could be r e l a t e d  e i t h e r  t o  a t t r i b u t e s  
of t he  t r e e  o r  of t he  p lant ing  spot .  The o t h e r  
reason was t o  provide a d a t a  base which could be 
used t o  t e s t  hrpothes is  about s i t e  o r  management 
f a c t o r s  associa ted  with surv iva l .  

The study c o n s i s t s  of two s e r i e s  of p l o t s  
e s t ab l i shed  i n  successive years beginning i n  the  
1978-79 p lant ing  season. P lo t s  es tabl i shed  i n  
t h e  1978-79 season a r e  r e f e r r ed  t o  a s  t h e  f i r s t  



s e r i e s  while those e s t ab l i shed  t h e  fol lowing year 
a r e  r e f e r r ed  t o  a s  t he  second s e r i e s .  Both s e r i e s  
were e s t ab l i shed  i n  newly planted a r e a s  throughout 
company o m e r s h i p  . 

I n  each of t h e  two s e r i e s ,  p l o t s  were estab- 
l i s h e d  i n  p l an t ing  sites t h a t  were s e l ec t ed  t o  
cover a raage of condi t ions  w i t h  respect  t o  
methods of  s i t e  prepara t ion ,  time of p lant ing ,  and 
s o i l  condi t ions .  One o r  more p l o t s  were loca ted  
a t  each p lant ing  site i n  an a r e a  thought t o  be 
r ep re sen ta t i ve  of a l a r g e r  landscape un i t .  Infor -  
mation gathered f o r  each p l o t  include da t e s  f o r  
completion of s i g n i f i c a n t  management a c t i v i t y  
such a s  c u t t i n g ,  site prepara t ion ,  and p lant ing ,  
a cha rac t e r i za t ion  of t h e  s i t e ,  and f o r  t h e  
second s e r i e s  a desc r ip t ion  of environmental con- 
d i t i o n s  a t  t he  time of p lant ing .  

P l o t s  were of such a s i z e  that about 60-80 
p lant ing  spaces were observed. Each p lant ing  
spot  was numbered sequen t i a l l y  and t h e  ground 
condi t ions  wi th in  a six-inch r ad ius  were c l a s s i -  
f i e d .  Classes recognized included bare ground, 
f i n e  deb r i s ,  coarse  deb r i s ,  herbaceous competi- 
t i on ,  woody competition, roo t  mat, eroded, o r  de- 
formed bed. I f  t h e  p l an t ing  spot  contained a 
t r e e ,  i ts  condit ion was i d e n t i f i e d  a s  being 
hea l thy ,  unhealthy, o r  dead. I f  t h e  t r e e  was 
unhealthy o r  dead, an at tempt was made t o  a s s ign  
a reason f o r  these  condi t ions ,  Other a t t r i b u t e s  
of each t r e e  were a l s o  noted. These included 
s i z e  (small ,  average, o r  l a r g e ) ,  pos i t i on  a f t e r  
p lant ing  (hor izonta l ,  s l an t ed ,  o r  v e r t i c a l ) ,  and 
p lant ing  depths (unplanted, shallow, normal, o r  
deep) . 

P l o t s  were v i s i t e d  again  during the  dormant 
season fol lowing the  f i r s t  yea r ' s  growth and the  
ground condit ions f o r  each p lant ing  spot  were 
charac ter ized  f o r  a second time. I f  t h e  p lant ing  
spot  contained a t r e e ,  i ts condit ion and t h e  reason 
f o r  i ts condit ion were noted.  Almost 80 percent  
of  the second s e r i e s  p l o t s  i n  the  Hodge d i s t r i c t  
were i n  a r eas  of such poor stocking t h a t  rep lant ing  
was necessary. Only counts of l i v e  planted t r e e s  
were obtained f o r  t he se  p l o t s .  

P l o t s  of both s e r i e s  t h a t  had n o t  been 
replanted  o r  otherwise abandoned were again v i s i t e d  
fol lowing t h e  second growing season. I n  t h i s  and 
subsequent v i s i t s ,  counts of both l i v e  planted 
t r e e s  and of free-to-grow volunteers  were obtained, 
but d e t a i l e d  observat ions  of each t r e e  o r  p l an t ing  
spo t  were not obtained. An at tempt was made t o  
avoid u n r e a l i s t i c a l l y  high counts f o r  volunteers  
by cons t ra in ing  counts t o  only two volunteers  i f  
the  p lant ing  spot  d id  not  have a t r e e  and only one 
i f  t he  spot  had a t r e e .  

The f i r s t  s e r i e s  of p l o t s  were a l s o  v i s i t e d  
fol lowing the  t h i r d  growing season and counts of 
l i v e  planted t r e e s  and free-to-grow volunteers  

were again obtained. Third-year counts a r e  
cu r r en t ly  being obtained f o r  t he  second s e r i e s  of 
p l o t s .  Fif th-year counts a r e  planned f o r  both 
s e r i e s .  

The geographical range f o r  p l o t  establislrnzent 
is shown i n  Figure 1. It extends throughout cowany 
ownership from Virg in ia  south t o  nor th  Flor ida ,  
and a l s o  occurs a s  an i s l and  i n  n o r t h w s t e r n  
Louisiana. This a r ea  is organized by Continental  
i n t o  four  woodlands d i s t r i c t s ,  with t he  d i s t r i c t  
name ind ica t ing  a town c lose  t o  t he  l oca t ion  of 
a pulp m i l l .  It a l s o  r e f e r s  t o  a s ing l e  decentra-  
l i z e d  a d m i n i s t r a t i l ~ e  un i t  f o r  accounting and Itlltnage- 
ment purposes. Analysis has  genera l ly  been done 
by d i s t r i c t s ,  although t h i s  breakdotjn may mask 
some meaningful sources of va r i a t i on ,  

RESULTS AND DISCUSSION 

First-Year Survival  

Survival  percentages associa ted  with a 
v a r i e t y  of pe rcen t i l e s  along with t he  number of 
p l o t s  v i s i t e d  a r e  given i n  Table 1. Surviva l  ranged 
from l e s s  than f i v e  percent  up t o  one hundred 
percent .  Both the  median su rv iva l  and t h e  d i s -  
t r i b u t i o n  of su rv iva l  var ied  from d i s t r i c t  t o  
d i s t r i c t  and from year t o  year.  Generally, however, 
su rv iva l  was much b e t t e r  f o r  t he  f i r s t  s e r i e s  of 
p l o t s  than f o r  t he  second s e r i e s .  Survival  i n  
t he  f i r s t  s e r i e s  was almost acceptable even f o r  
su rv iva l s  a s  low a s  t h e  t en th  pe rcen t i l e  i n  a l l  
d i s t r i c t s  except f o r  Nopewell. I n  conrras t  t o  t h i s ,  
su rv iva l  f o r  t h i s  second s e r i e s  was marginal a t  
t h e  f i f t i e t h  pe rcen t i l e  except f o r  t he  Savmnah 
d i s t r i c t .  The second s e r i e s  surv iva l  was e s p e c i a l l y  
poor i n  the  Hodge d i s t r i c t ,  with an extreme drought 
during the  summer of 1980 r e s u l t i n g  i n  t h e  need f o r  
r ep l an t ing  almost 80 percent  of t he  acreage planted 
during t h e  previous year.  

Fac tors  Related t o  Survival  

Survival  is  influenced by so many f a c t o r s  t h a t  
i den t i fy ing  cause and e f f e c t  r e l a t i onsh ips  may be 
an impossible t a s k ,  It v a r i e s  form year-to-year 
and from plant ing  job t o  p lant ing  job. For t h i s  
d iscuss ion ,  only t he  condit ions of t he  p l an t ing  
spot  and the  a t t r i b u t e s  of indiv idual  t r e e s  w i l l  
be considered a s  poss ib le  f ac to r s .  

1 / A SAS- program was wr i t t en  t o  s 
c l a s s i f i c a t i o n  da t a  f o r  each p lant ing  spot  and 
t r e e ,  and convert these  s r i e s  t o  percentages.  
This r e su l t ed  i n  t h e  d e f i n i t i o n  of 30 d i f f e r e n t  
va r i ab l e s  t h a t  could be r e l a t e d  t o  su rv iva l  of 
an indiv idual  p l o t ,  The s r y  program a l s o  ca l -  

l /  SAS is an acronym f o r  t he  S t a t i s t i c a l  
h a l y ~ i s  System. 



Figure I ,  Geographical range f o r  the p o s t  mortern p l o t s .  

cuTated,survival ,  t o o k  the  square root  of i t ,  and 
transformed it t o  its arcs in  equivalent .  

Variable names and t h e i r  meanings a r e  given 
i n  Table 2. Note t h a t  each va r i ab le  name iden t i -  
f i e d  t he  a t t r i b u t e  under consideration (planting 
spot ,  t r e e  s i z e ,  p lant jng  depth),  t he  l e v e l  of t he  
a t t r i b u t e  and the  v i s i t  i n  which i t  was observed. 
For example, a l l  va r i ab le  names beginning with 
the  word '"pot" r e f e r  t o  the  p lant ing  spo t ,  Vari- 
ab le  names ending with the  number one r e f e r  t o  

condit ions observed a t  t h e  f i r s t  v i s i t ,  while 
those ending with a two r e f e r  t o  condit ions 
observed a year l a t e r  a t  t he  second v i s i t ,  

Graphs of survival  agains t  t he  various inde- 
pendent va r i ab le s  showed no evidence of cu rv i l i n -  
e a r i t y  so only the  simple l i n e a r  co r re l a t ion  co- 
e f f i c i e n t s  between each of these  va r i ab le s  and 
survival  were ca lcula ted .  S igni f icant  va lues  are 
shown i n  Table 3 f o r  t he  f i r s t  s e r i e s  and i n  
Table 4 f o r  t he  second s e r i e s .  Since c o r r e l a t i o n  

Table I.--Survival f o r  a range of pe rcen t i l e s  by s e r i e s  and d i s t r i c t  

Pe rcen t i l e  
Ser ies  D i s t r i c t  P lo t s  5 10 5 0 9 0 95 

-- 
Percent 

F i r s t  Augusta 4 3  5 4 68 91 98 100 
Bodge 6 2 5 7 6 2 8 5 95 97 
Savamah 72 6 0 62 87 98 99 
Bopet~.ell 81 4 0 47 75 93 96 

Second Augusta 5 9  32 39 67 9 3 96 
Hodge 5 8 5 10 50 8 2 84 
Savannah 50 3 0 40 79 9 1 9 l. 
Hopem11 7 7 20 28 5 9 84 8 6 



Table 2.--Variable names used i n  t h e  c o r r e l a t i o n  ana ly s i s .  

Variabf e Percent  With Var iab le  Percent  With 

SPOTB 1 
SPOTFl 
SPOTC 1 
SPOTHl 
SPOTRl 
SPOTWl 
SPOTDl 
SPOTE 1 
SIZES1 
SIZENl 
SIZELl 
POSHl 
POSSl 
POSVl 
DEPTHUl 

Bare ground 
Fine l i t ter  
Coarse l i t te r  
Herbaceous weed 
Root m a t  
Woody shrub 
Def o m e d  bed 
Eroded 
Small 
Normal 
Large 
Hor izonta l  
S lan ted  
V e r t i c a l  
Unplanted 

DEPTHS 1 
DEPTHN1 
DEPTHDL 
SPOTB2 
SPOTF2 
SPOTC2 
SPOTH2 
SPOTRZ 
SPOTE~ 
SPOTt32 
SHALLOW 
LITE1 
LITE2 
HEAVY 1 
HEAVY2 

Shallow p lan ted  
N o d  p lan ted  
Deep p lan ted  
Bare ground 
Fine  l i t ter 
Coarse l i t ter  
Herbaceous weeds 
Root m a t  
Eroded 
Woody shrub 
DEPTHUl + DEPTHS1 
SPOTBl + SPOTFl + SPOTCl 
SPOTB2 + SPOTF2 + SPOTC2 
SPOTCl + SPOTRl 
SPOTC2 + SPOTRZ 

Table 3.--Correlation c o e f f i c i e n t s  f o r  v a r i a b l e s  s i g n i f i c a n t l y  c o r r e l a t e d  
wi th  s u r v i v a l  f o r  t h e  f i r s t  s e r i e s  of  p l o t s .  

-- .- -- -- 

D i s t r i c t  
Var iab le  Augusta Hodge Savannah Hopewell 

SPOTB 1 
SPOTFl 
SPOTC 1 
SPOTHl 
SPOTRl 
SIZENl 
SIZELl 
POSH1 
POSS 1 
POSVl 
DEPTHUl 
DEPTHS1 
DEPTHNl 
DEPTHD1 
spom2  
SPOTF2 
SPOTC2 
SPOTH~ 
SPOTR;! 
SPOTE2 
SHALLOW 
LITE 1 
HEAVY1 
LITE2 
HEAVY2 

S ign i f i c ance  Levels:  
& 10.0-14.9, * !j.o-g,gj, ** 1.0-4.9% *** under 1% 



Table 4.--Variables s i g n i f i c a n t l y  co r r e l a t ed  with su rv iva l  i n  each 
d i s t r i c t  f o r  t he  second s e r i e s  of p l o t s .  

D i s t r i c t  
Variable Augusta Bodge S avmaraki Hopewell. 

SPOTBl 
SPOTFl 
SPOTCl 
SPOTHl 
SPOTRl 
SPOTDl 
SIZES1 
POSH 1 
POSS 1 
POSVl 
DEPTHN1 
SPOTB2 
SPOTFZ 
SPOTC2 
SPOTH2 
SPOTR2 
SPOTEZ 
SPOTWl 
LITE 1 
HEAVY 1 

r-value 

Signi f icance  l eve l s :  
210.0-14.9%, fe 5.0-9.9%, ** 1,O-4.9% *** under 1% 

c o e f f i c i e n t s  were almost i d e n t i c a l  f o r  both sur -  
v i v a l  and f o r  t h e  a r c s i n  transformation,  a l l  sub- 
sequent d iscuss ion  w i l l  r e f e r  t o  t he  unt ransfer red  
su rv iva l  percentages. 

Several  poin ts  i n  Tables 3 and 4 a r e  of 
i n t e r e s t .  F i r s t ,  both t he  number of va r i ab l e s  and 
t h e i r  s i gn i f i cance  l e v e l s  a r e  g rea t e r  f o r  t h e  
f i r s t  s e r i e s  than f o r  t h e  second s e r i e s .  Second, 
few of t h e  f a c t o r s  t h a t  a r e  s i g n i f i c a n t  i n  t h e  
f i r s t  s e r i e s  a r e  s i g n i f i c a n t  i n  t he  second s e r i e s .  
I n  f a c t ,  only about t e n  of  these  f a c t o r s  a r e  
s i g n i f i c a n t  in both s e r i e s  and e i g h t  of these  
change s ign  from one s e r i e s  t o  t he  o ther .  This 
impl ies  t h a t  any co r r e l a t i on  is spurious a t  be s t ,  
Only t h e  pos i t i on  of t he  t r e e  a f t e r  i t  is  planted 
was s i g n i f i c a n t l y  co r r e l a t ed  wi th  su rv iva l  f o r  
both s e r i e s  and maintained t h e  same a lgebra ic  
s ign .  Trees t h a t  were planted i n  a hor izonta l  
o r  s l an t ed  pos i t i on  d id  no t  surv ive  a s  w e l l  a s  
those planted i n  a v e r t i c a l  pos i t ion .  A t h i r d  
poin t  t o  note  is t h a t  t h e  c o r r e l a t i o n s  a r e  general ly 
q u i t e  low and usual ly  account f o r  l e s s  than twenty 
percent  of t h e  v a r i a t i o n  i n  surv iva l .  

A model was developed t o  p red i c t  su rv iva l  i n  
each d i s t r i c t  by using t h e  va r i ab l e s  i n  t h a t  
d i s t r i c t  t h a t  were co r r e l a t ed  with surv iva l  and 

whose a lgeb ra i c  sign seemed t o  make good b io log ica l  
sense.  Only the  f i r s t  s e r i e s  da ta  was used and 
the re  was no at tempt t o  f i n d  the  bes t  f i t t i n g  model 
o r  t o  e l iminate  va r i ab l e s  i n i t i a l l y  s e l ec t ed ,  
Predic tor  va r i ab l e s  used f o r  each d i s t r i c t  a r e  
given i n  Table 5. The model was then appl ied  t o  
o the r  d i s t r i c t s  and t o  t he  second s e r i e s  t o  de t e r -  
mine i f  i t  had any p red ic t i ve  a b i l i t y .  Correla- 
t i o n s  between observed and predicted su rv iva l  a r e  
given i n  Table 6.  Note t h a t  use s f  a conibination 
of va r i ab l e s  t o  p red i c t  su rv iva l  general ly r e s u l t e d  
i n  b e t t e r  co r r e l a t i ons  than use of a s i n g l e  va r i ab l e .  
Note a l s o  t h a t  the  model usually predicted poorly 
when appl ied  t o  o the r  d i s t r i c t s  in the  same year ,  o r  
t o  t h e  same d i s t r i c t  i n  d i f f e r e n t  years. When 
t h e  model d id  p red i c t  another d i s t r i c t  reasonably 
wel l ,  i t  was only because some of the va r i ab l e s  
used i n  the model were simlficant  i n  both d i s t r i c t s ,  
Hadels developed from t he  first  series data were 
almost d w a y s  msuccessfui  when applied t o  t h e  second 
series d a t a ,  

These r e s u l t s  suggest t h a t  i d e n t i f i c a t i o n  of  
a r eas  with goad su rv iva l  p o t e n t i a l  based upon 
appearances o f  t h a t  s i t e  o r  p l an t ing  Job is  not  as 
simple as it m y  first  appear,  Cer ta in ly  t he re  i s  
a need f o r  adequate s i t e  preparat ion,  but  what is 
meant by adequate s i te  preparation and how t o  



Table 5.--Variables used i n  a m d t i p l e  regress ion  approach 
to  p red i c t  s u r v i v d .  

D i s t r i c t  
Augusta Hodge Savannah Hopewell 

POSVl SPO7Xl SPOTRl SWALLOW 
POSSl* SOZENl* SPOTBl SPOTF 1 
SPOTC 1 SIZELl SHBLLOW SPOTBl 
SPOTFl POSVl HVY 1 
SHALLOW SPOTH1 POSVl 
HW1 POSS 1 S POTC 1 

* Last  va r i ab l e  t o  be s i g n i f i c a n t  a t  t he  ten  percent  l e v e l  
i n  t h e  combined model. 

measure i t  is uncertain.  The prepara t ion  on most 
of t h e  p l o t s  i n  t h e  second s e r i e s  was charac ter ized  
by Cont inenta l ' s  f i e l d  people a s  acceptable,  but  
survival. on those a r eas  charac ter ized  a s  marginal 
prepara t ion  d id  n o t  d i f f e r  s i g n i f i c a n t l y  . Like- 
wise an adequate p lant ing  job would seem t o  be 
a p r e r e q u i s i t e  t o  achieving surv iva l .  The p l an t ing  
job f o r  a l l  of t he  p l o t s  i n  t h e  second s e r i e s  was 
charac ter ized  a s  acceptable ,  bu t  t he re  was a wide 
range i n  su rv iva l .  

These results put us i n  t h e  uncomfortable 
pos i t i on  of  assuming t h a t  good s i t e  prepara t ion  
and p l an t ing  techniques a r e  important i n  achieving 
su rv iva l ,  but not  being a b l e  t o  recognize o r  
measure those a t t r i b u t e s  t h a t  make i t  good i n  t he  
f i r s t  p lace .  Perhaps t h e  a n a l y s i s  on a d i s t r i c t  
l e v e l  permitted t h e  inc lus ion  of so many d i f f e r e n t  
va r i ab l e s  t h a t  any r e l a t i onsh ip  between p l o t  
a t t r i b u t e s  and su rv iva l  was masked. 

Data from t h e  Augusta and Savannah d i s t r i c t s  

were combined and broken down i n t o  t h ree  broad 
s i t e  types t o  determine i f  t h i s  was indeed t h e  
case.  S i t e  types included piedmont s o i l s ,  dry  
s i t e s  i n  t h e  flatwoods and upper coas t a l  p l a in ,  
and wet s i t e s .  These two d i s t r i c t s  were chosen 
because they a r e  contiguous and use s imi l a r  methods 
of s i t e  prepara t ion  and p lant ing .  The c o r r e l a t i o n  
ana lys i s  was done sepa ra t e ly  f o r  each of t he  t h r e e  
s i t e  types.  Results  were s i m i l a r  t o  those shown 
i n  Table 4,  with t he  same va r i ab l e s  being i d e n t i -  
f i e d  a s  being s i g n i f i c a n t  and having a s i m i l a r  
r-value a s  t h a t  obtained when the  ana lys i s  was 
done on a d i s t r i c t  ba s i s .  

This would suggest  t h a t  appearances of t h e  
s i t e  preparat ion and p lant ing  job play only a 
minor r o l e  i n  i den t i fy ing  su rv iva l  po t en t i a l s .  
However, t he  ana lys i s  d id  i d e n t i f y  some f a c t o r s  
t h a t  seemed t o  be c l e a r l y  r e l a t e d  t o  su rv iva l .  
The p lant ing  of t r e e s  i n  s i t e  preparat ion o r  
logging deb r i s  o r  t h e  p l an t ing  of s i t e s  where 
most of  t he  p lant ing  spo t s  had coarse deb r i s  c l o s e  

Table 6.--Correlations between observed and predic ted  su rv iva l  using models 
developed with f i r s t  s e r i e s  da t a  and appl ied  t o  o the r  d i s t r i c t s  t o  the  
second s e r i e s .  

Corre la t ions  when model appl ied  to :  
Model Developed Augusta Hodge Savannah Hopewell 
With Data From: F i r s t  Second F i r s t  Second F i r s t  Second F i r s t  Second ------- 

r-value 

Augusta 0.85** NS NS NS 0.64** NS 0.64** NS 

Hodge NS 0.33* 0.36 NS NS 0.42** NS NS 

Savannah NS NS NS NS 0.74** NS 0.52** -0.37** 

Nopewell 0.41** NS 0.23* -0.37** 0.37 NS 0.53** NS 



t o  i t  genera l ly  had an adverse e f f e c t  upon sur-  
v i v a l ,  Shallow plant ing ,  o r  p l an t ing  the t r e e  
i n  a s l a n t e d  pos i t i on  had a s t rong negat ive  i n f lu -  
ence, p a r t i c d a r l y  under condi t ions  where envir-  
onmental f a c t o r s  w e r e  favorable t o  su rv iva l ,  The 
de l e t e r ious  e f f e c t  of shallow p l a n t h g  i s  wel l  
recognized, but  the  apparent  importance of t r e e  
pos i t i on  a f t e r  p lant ing  i s  less well r e c o ~ i z e d .  
Tree pos i t i on  i t s e l f  is probably n o t  important 
but is an ind i ca to r  of  o t h e r  f a c t o r s .  P l o t s  t h a t  
had high percentages of v e r t i c a l l y  planted t r e e s  
tended t o  have an absence of coarse deb r i s  on t h e  
s i t e , i , e . ,  b e t t e r  prepara t ion ,  f ew  shallow-planted 
t r ee s ,  and few l a r g e  t r e e s .  Thus t r e e  pos i t i on  
is probably a smpton  r a t h e r  than a cause,  

Perhaps t h e  importaslt poin t  t o  no te  though 
i s  t h a t  a l l  of t h e  a t t r i b u t e s  of t he  t r e e  o r  of t he  
p l an t ing  spot  only  accounted f o r  t en  t o  twenty per- 
cent  of t he  v a r i a t i o n  i n  su rv iva l .  This suggests  
t h a t  t he  reasons f o r  p l an t ing  success o r  f a i l u r e  
a r e  l a r g e l y  unexplained by v i s u a l  impressions of 
t h e  p lant ing  s i t e  o r  of t he  p lant ing  Job. A 
reasonable exp lma t ion  f o r  t h i s  i s  t h a t  p l an t ing  
success i s  d i c t a t ed  by both primary and secondary 
f a c t o r s .  The p r i m r y  f a c t o r s  a r e  environmental, 
namely s o i l  moisture a t  t he  t h e  of p lant ing  and 
during t h e  spr ing  and s u m e r  of t h e  year fol lowing 
p lant ing .  Secondary f a c t o r s  a r e  a l l  of t h e  va r i -  
ab l e s  considered i n  Table 2, p lus  o the r  f a c t o r s  
such a s  seedlrhng care  and handlixrg from t h e  time 
t h e  t r e e  is l i f t e d  u n t i l  i t  is planted.  The 
prirnary f a c t o r s  must be a t  an adequate l e v e l  
before t he  secondary f a c t o r s  e x e r t  an inf luence ,  
This k ine  of reasoning may serve t o  expla in  why 
more f a c t o r s  were r e l a t e d  t o  su rv iva l  and a t  a 
higher l e v e l  of s ign i f i cance  i n  t h e  f i r s t  s e r i e s  
of p l o t  than i n  t h e  second s e r i e s .  It is c l e a r  
from the  su rv iva l  d i s t r i b u t i o n s  shown i n  Table 1 
t h a t  environmental condi t ions  were b e t t e r  f o r  

su rv iva l  i n  the  f i r s t  s e r i e s .  

S tudies  i nves t iga t ing  the  r e l a t i onsh ip  between 
su rv iva l  and any o the r  f ac to r ,  whether Znanagement 
input  o r  condi t ions  of t he  p lant ing  s i t e ,  must 
somehow be designed t o  account f o r  s o i l  moisture 
l e v e l s  during p lant ing  and f o r  t he  f i r &  growing 
season a f t e r  p l an t ing  i f  the  r e l a t i onsh ips  being 
s tudied  a r e  not  t o  be masked. One p o s s i b i l i t y  
suggested by the  l a t e  D r ,  Dave Moehring, is t o  
determine water a v a i l a b i l i t y  i n  t he  sur face  foo t  
of s o i l  us ing  the  mthods  of Carlson and o t h e r s  
(1956), convert  these  t o  s o i l  moisture tens ion  and 
r e l a t e  number of days with s o i l  moisture tens ion  
below the  w i l t i n g  poin t  t o  su rv iva l .  Presumably 
the  f a c t o r s  being s tudied  could be evaluated a s  
devia t ions  f r o m  t h i s  r e l a t i onsh ip  and may be s ig-  
n i f i c a n t  a t  one l e v e l  of s o i l  moisture tens ion  and 
not  another.  I f  something Like t h i s  is  not  done, 
then any r e l a t i onsh ips  observed a r e  l i k e l y  t o  be 
v a l i d  only f o r  t he  year and l o c a l i t y  i n  which they 
were observed. 

Survival  Trends Following 
The F i r s t  Growing Season 

There a r e  always quest ions a s  t o  how soon 
a f t e r  p l an t ing  does mor ta l i ty  become so n e g l i g i b l e  
t h a t  t he  p l an t a t i on  can be considered t o  have been 
e s t ab l i shed .  A simple l i n e a r  model with no i n t e r -  
cep t  which predic ted  t h e  number of l i v e  trees i n  
one year based on t h e  number present  i n  t h e  pre- 
ceeding year was developed f o r  each of t he  d i s t r i c t s  
and f o r  each s e r i e s .  Differences i n  s lopes  were 
evaluated f o r  s ign i f i cance  by comparing the  r e s i d u a l  
sum of squares f o r  a l l  d i s t r i c t s  aga ins t  t h a t  
obtained by summing the  r e s idua l  sum of squares f o r  
each d i s t r i c t .  

Resul t s  of t h i s  a r e  shown i n  Table 7 .  Generally 

Table 7,--Ratio of nmber  of l i v e  t r e e s  a t  any one year t o  t he  
nmber  of Live t r e e s  i n  t he  preceeding year 

Year of Comparison 
Second vs . F i r s t  Third vsS. S e c o x  

D i s t r i c t  F i r s t  S e r i e s  Second Se r i e s  F i r s t  Se r i e s  
- 

r a t i o  

A u p s t a  
Hodge 
Savanm h 
Bepewell 
ConiPined 

1/ Ratios followed by the  same 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  a t  t he  - 
f ive  percent  l e v e l ,  

2 1  Does not include the  Hodge d i s t r i c t .  - 



ninety-five percent  o r  more of t h e  trees that have 
survived through t h e  f i r s t  growing season continue 
t o  surv ive  through t h e  second growing season, 
while ninety-eight  percent  of t h e  t r e e s  t h a t  
survived through t h e  second growing season 
survived through t h e  t h i r d  growing season. 

The second-year su rv iva l  a s soc i a t ed  wi th  t h e  
f i r s t  series p l o t s  in  t h e  Hodge d i s t r i c t  was 
about t e n  percent  lower than what had been 
obtained i n  t h e  o the r  districts. This  was undoubt- 
edly due t o  t he  very severe  summer drought 
a l ready noted. It should be c l e a r  from t h i s  d a t a  
t h a t  i f  a p l an t a t i on  can surv ive  through t h e  f i r s t  
summer, that i t  takes  an extreme c l ima t i c  event  
t o  r e s u l t  i n  apprec iable  mor t a l i t y  i n  subsequent 
years .  

I f  d a t a  from t h e  Hodge d i s t r i c t  is n o t  con- 
s idered ,  second-year su rv iva l  averages about 95 
percent  of t h a t  present  a f t e r  t he  f i r s t  year,  and 
is  almost i d e n t i c a l  f o r  each of t h e  twr, s e r i e s .  
Separat ion of t h e  second s e r i e s  p l o t s  f o r  t h e  
Savannah and Augusta d i s t r i c t s  i n t o  t he  broad 
s i t e  types mentioned previously suggests  t h a t  second 
year su rv iva l s  do no t  d i f f e r  among the  site types,  
and a r e  s i m i l a r  t o  those of  t h e  o the r  d i s t r i c t s .  

Resul t s  i n  Table 7 provide convincing evidence 
t h a t  most of t h e  mor t a l i t y  suf fered  by a p l an t a t i on  
occurs i n  t h e  spr ing  and summer fol lowing p l an t ing  
and l i t t l e  add i t i ona l  mor t a l i t y  can be expected 
t o  occur i n  subsequent years .  This t rend  may 
reverse  i t s e l f  a s  fusiform in fec t ion  and o t h e r  
n a t u r a l  f a c t o r s  begin t o  take  t h e i r  t o l l .  
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Table 1.--tongleaf p ine  p l a n t i n g  s i t e  information 

P l a n t i n g  S i t e  I/ F i r s t  S o i l  2-1 S i t e  3-1 P l o t  
Locat ion  P r e p a r a t i o n  Growing Index Number 

Season 

4 1 f t  - 
A - C 1971 Troup f i n e  6 7 118 

sand 120 

1971 Troup f i n e  
sand 

Benndale f i n e  
sandy loam 

1970 Orangeburg f i n e  
sandy loam 

C 1974 Orangeburg 
R sandy loam 
P i  
D 

C 1973 Bonif ay 

sandy loam 

1 I - C = s i t e  c l e a r e d  by c l e a r - c u t t i n g ,  followed by s h e a r i n g  wi th  a  V-blade, 
R = s o i l  root-raked,  W = d e b r i s  windrowed, D = s o i l  d i sked ,  Bd = s o i l  bedded, 
P i  = d e b r i s  p i l e d ,  Br = d e b r i s  burned, S  = burned d e b r i s  s c a t t e r e d .  -i' Soil Conservat ion Serv ice  (1975, 1980). 

2' S i i e  index c l a s s i f i e d  by S o i l  Conservat ion Serv ice  (1975, 1980), index age = 50 y e a r s .  
4 / 
-- Planting l o c a t i o n  approximately ranked from g r e a t e s t  s i t e  p r e p a r a t i o n  i n t e n s i t y ,  A ,  

to lowest, E. 

P l a n t i n g  Stock Stock Storage 

P l a n t i n g  s t o c k  was 1-0 and of good q u a l i t y .  
Seed l ings  were grown a t  nurserybed d e n s i t i e s  of 
12 o r  15 p e r  square  f o o t  and had been proper ly  
root-pruned i n  t h e  n u r s e r y ,  10 t o  12 weeks b e f o r e  
l i f t i n g ,  t o  promote t h e  growth of f i b r o u s  l a t e r a l  
r o o t s  and prepare  t h e  s e e d l i n g s  f o r  l i f t i n g .  
Stock bad a l s o  been p r o t e c t e d  from brownspot 
i n f e c t i o n  and Eusiform r u s t  (Cronartium quercuum 
f ,  s p .  fus i fo rme) ,  Good f o l i a g e  h e a l t h  and well-  
developed l a t e r a l  r o o t s  a r e  regarded by some t o  be 
more important  than  r o o r - c o l l a r  diameter .  However, 
f o r  b e s t  s u r v i v a l  and growth, t h e  r o o t - c o l l a r  
diameter  should be  0.4 inches  o r  l a r g e r  and r o o t s  
should be 6 t o  8 inches  long.  

A l l  s t o c k  was proper ly  s t o r e d  i n  t h e  shade.  
Bales  were p r o t e c t e d  a g a i n s t  f r e e z i n g ,  h e a t i n g ,  
and drying.  They were s t o r e d  one l a y e r  deep and 
watered every 5 days. I d e a l l y ,  t h e  s e e d l i n g s  were 
p lan ted  a s  soon a s  p o s s i b l e  a f t e r  they were l i f t e d  
from t h e  n u r s e r y  bed, 

P l a n t i n g  

A l l  p l a n t i n g  was done w i t h  a  modified p l a n t i n g  
machine drawn by rubber - t i red  i n d u s t r i a l - t y p e  
t r a c t o r s .  P l a n t i n g  was n o t  s t a r t e d  u n t i l  s e v e r a l  
weeks a f t e r  s i t e  p r e p a r a t i o n  had been completed. 
The site u s u a l l y  had rece ived  s e v e r a l  soaking 
r a i n s  which caused d e s i r a b l e  s u r f a c e  s o i l  
s e t t l i n g  and provided adequate s o i l  mois tu re  a t  



p lan t ing  time. Seedling r o o t s  were not  allowed t o  
dry out  while i n  t h e  p l an t ing  t r ay .  The t r a c t o r  
proceeded a t  a r a t e  slow enough so  t h a t  t h e  p l an t e r  
could accura te ly  pos i t i on  t h e  stemless seedl ings  i n  
t he  sl i t ,  This opera t ion  is  a "hands-on" learned 
s k i l l  and is  most important. The p l an t e r  must 
l e a r n  t o  judge the  t i l t h  of t he  s i t e  and pos i t i on  
t h e  seedl ings  so  t h a t  about 6 months t o  a year 
l a t e r ,  when t h e  site and t h e  packing-wheel r i dge  
have f i n i shed  s e t t l i n g ,  t h e  seedl ing  root -col la rs  
w i l l  be a t  o r  s l i g h t l y  below t h e  s o i l  sur face  and 
the  te rminal  bud w i l l  be exposed. 

P lant ing  r a t e s  were about 0.5 a c r e  per hour. 
About 700 t o  1,300 t r e e s  per a c r e  (TPA) were 
planted 3 t o  6 f e e t  apa r t  i n  rows about 10 f e e t  
a p a r t ,  

Inventory P l o t s  

When the  p l an t a t i ons  were 4 t o  5 years  o ld ,  
14 semi-permanent 0.1- t o  0.2-acre rec tangular  
p l o t s  were i n s t a l l e d .  A l l  t r e e s  on these  p l o t s  
were pos i t i ve ly  i d e n t i f i e d .  Although these  p l o t s  
represent  reasonably successfu l  p l an t a t i ons ,  they 
were s e l ec t ed  t o  cover t h e  ava i l ab l e  range of 
p lant ing  s i t u a t i o n s  and s tand d e n s i t i e s ,  were 
l imi t ed  i n  number, and may not  represent  average 
condi t ions  f o r  each s i t u a t i o n .  The fol lowing 
da t a  were recorded. 

(a )  p l o t  number and loca t ion  information. 
(b) p l o t  dimensions, s i z e ,  and p lant ing  

spacing. 
(c )  s i t e  prepara t ion  information. 
(d) a t a l l y  of a l l  l i v i n g  stems; d.b.h. 

measured t o  0.1-inch. 
(e) a systematic sample of one-third of t he  

t r e e s  i n  each 1-inch d.b.h. c l a s s  f o r  
t o t a l  he ight .  A l l  of t h e  sample t r e e s  
i n  t h e  dominant s tand (dominants and 
codominants) were bored a t  a &foot 
he ight  t o  ob ta in  a r i n g  count. 

( f )  s tand age from plant ing ,  average r i n g  
count and average he ight  of dominant 
s tand sample t r e e s ,  and current  number 
of TPA. 

The p l o t s  were inventor ied  on a 3-year 
cycle.  The da t a  were summarized a f t e r  each 
inventory on a per-acre b a s i s  a s  number of t r e e s ,  
he igh t ,  ba sa l  a rea ,  and cubic-foot volume (Farrar  
1981) per  1-inch d.b.h. c l a s s  and per  stand.  
These da t a  were combined and averaged by p l an t ing  
loca t ion  (Table 2) .  

Natural  Stand P l o t s  

For comparison, da t a  were taken from a 
n a t u r a l  s tand spacing study i n  which th ree  
permanent, c i r c u l a r  0.2 ac re  p l o t s  were es tabl i shed  
i n  each of f i v e  r e s idua l  d e n s i t i e s  varying from 
300 t o  1,500 TPA when t h e  t r e e s  were 7 yea r s  o ld  
from overs tory  r e l ea se  (9 years  from seed f a l l )  

(Far rar  1974). From t h i s  s tudy,  t he  d a t a  from 
nine  p l o t s  represent ing  d e n s i t i e s  of 1,200, 900, 
and 600 TPA were s r i zed  a t  ages 7 ,  9 ,  and 11 
years  a f t e r  r e l ea se .  This group of p l o t s  was 
chosen because i ts  r e s idua l  t o t a l  TPA was s i m i l a r  
t o  t h e  planted TPA and the  development of i t s  stand 
1-inch d.b.h. and l a r g e r  was r e l a t i v e l y  uniform. 
The study s i t e  conta ins  s o i l  s imi l a r  t o  t h e  
p l an t a t i ons  and has a s i t e  index varying from 70 
t o  80 f e e t  a t  50 years  f o r  na tu ra l  s tands ,  The 
seedl ings  came l a rge ly  from the  f a i r l y  good seed 
crop of 1958 (Croker and Boyer 1975) on a seed- 
t r e e  stand (about 10 TPA). After  two growing 
seasons t h e  parent  t r e e s  were removed i n  1961. 
I n  1967, 7 years  a f t e r  overstory r e l ea se ,  t h e  
spacing study was i n s t a l l e d  by p recomerc i a l  
thinning.  A l l  hardwoods were k i l l e d  a t  t h e  time 
of study i n s t a l l a t i o n  and p l o t s  have been winter-  
burned by p re sc r ip t ion  on a 2-year cyc le  s t a r t i n g  
i n  t h e  winter  of 1973-74. 

Inventory and summary techniques a r e  
e s s e n t i a l l y  t h e  same a s  those i n  t h e  p l an t a t i on  
p l o t s ,  except t h a t  t h e  sample-tree frequency was 
116. These p l o t s  have been inventoried on a 
2-year cyc le  and t h e i r  da t a  a r e  summarized on a 
per-acre b a s i s  i n  Table 3 .  

RESULTS AND DISCUSSION 

Survival  

Survival  has been 50 percent  o r  b e t t e r  f o r  
a l l  p lant ing  s i t u a t i o n s  through ages 10 and 11 
(Figure 1) .  There is  a genera1 trend f o r  
su rv iva l  t o  i nc rease  with each successive p l an t ing  
and t h i s  is  a t t r i b u t e d  t o  concurrent improveaents 
i n  s i t e  prepara t ion  and p lant ing  technique. 
Although a l l  prepara t ion  was in tens ive ,  s i t e  C 
has  a heavier  and moister  s o i l  r e l a t i v e  t o  t h e  
o ther  s i t e s  which r e su l t ed  i n  a rougher p l an t ing  
sur face  and more vegeta t ive  competition. This  
condi t ion  p lus  i n i t i a l  l a ck  of p lant ing  experience 
a r e  thought t o  have cont r ibuted  t o  t he  poorer 
su rv iva l  of t h i s  s i t e .  The o ther  p l an t ing  s i t e s  
were r e l a t i v e l y  smooth. 

Survival  i n  t h e  n a t u r a l  s tand was e s s e n t i a l l y  
100 percent  7 t o  11 years  a f t e r  overs tory  r e l e a s e  
(9 t o  13 years  a f t e r  seed f a l l ) .  A l l  of t he se  
t r e e s  were well-established when the  spacing 
treatments were imposed a t  age 7 from r e l e a s e ,  

Trees Per Acre 

While t h e  t rend  i n  surv iva l  of t o t a l  p lanted  
TPA was gradually domward a f t e r  t he  i n i t i a l  
l o s s e s  (Figure l ) ,  t he  t rend  i n  percent  of TPA 
1-inch d.b,h. and l a r g e r  was sharply upward f o r  
t he  f i r s t  period (Figure 2) ,  followed by a slower 
increase .  By age 10 o r  11, t h e  proport ion of the 
t r e e s  1-inch d.b.h, o r  l a r g e r  was a t  l e a s t  95 
percent  i n  t h e  t h r e e  o lder  p l an t a t i ons  and a 



1 / Table  2.--Longleaf p l a n t a t i o n  development summary - 

P l a n t i n g  
L o c a t i o n  

F i r s t  Age TPA Years  KD 
Growing f rom P l a n t e d  Fn 
Season P l a n t i n g  Grass  

Yrs - no - y r s  f t  - -  
197 1 0 1132 3 -- 

4 8 
7 2 0 

10 2 3 

TSO TSI 
-- - 

B1 V 1  T S 4  B4 V43 Number 
0 f 

- P l o t s  
_FtZ f t j  no f t L  f t J  - -  - --  
- - - - -- -- -- 2 

6 23 0 0 0 
29 219 3 0 3 1 7  
46 541 290 28 285 

L' Term Legend: TPA = t r e e s  p e r  a c r e ;  Years  i n  g r a s s  = age  from p l a n t i n g  - (avg. r i n g  
coun t  @ 4 '  f o r  D & CD t r e e s ) ;  HD = dominant s t a n d  h e i g h t ;  TSO = TPA s u r v i v i n g ,  a l l  
t r e e s ;  TS1 = TPA s u r v i v i n g ,  t r e e s  1" d . b . h .  & l a r g e r ;  B 1  = b a s a l  a r e a  f o r  TS1; 
V1 = t o t a l  c u b i c - f o o t  volume, i . b . ,  f o r  TS1; TS4 = TPA s u r v i v i n g ,  t r e e s  4" d .b .h .  
& l a r g e r ;  B 4  = b a s a l  a r e a  f o r  TS4; V43 = c u b i c - f o o t  volume, i . b . ,  t o  a 3" d .0 .b .  
t o p  f o r  TS4. 

1 / Table  3.--Longleaf n a t u r a l  s t a n d  development summary - 

Age from Years  i n  HD TSO TS 1 B 1 V 1 TS4 B4 V43 Numberof 
R e l e a s e  Grass  l /5 -ac re  

P l o t s  
Y r s - Y rs - f  t - no - no - f  t l  f t 3  - - - f t  f t  2 -3 

Term Legend: same a s  Tab le  2 e x c e p t  Years  i n  g r a s s  = age  from seed  - (avg. r i n g  
count  @ 4 '  f o r  D & CD t r e e s )  
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LEGEND: 

A - E = PLAMTED STANDS 

R = NATURAL STAND (AGE0 FROM RELEASE 
612 = TREES PER ACRE PLANTED 

(1974) = FIRST GROWiNG SEASON 

L. 
0 4 6 8 I0 12 

A G E  ( Y E A R S )  

Figure 1.--Survival of longleaf pine in 
planted and natural stands. 

similar proportion is suggested for the two 
younger plantations when they reach this age. 
The natural stand shows a lag in development; 
only about 90 percent of the stand was 1-inch 
d.b.h. and larger by 11 years after release 
(13 years after seed fall), 

It is interesting that these results 
independently confirm the finding of Croker and 
Boyer (1965) that natural seedling stands 
released from parent over-stories at age 2 will 
have about 41 percent of the seedlings in 
height-growth (over 0.5-foot tall) 7 years after 
release. Here we had at least 41 percent of the 
natural stand taller than 4% feet 7 years after 
release. 

Merchantable stand development (trees 
4-inches d.b.h, and larger) shows a different 
pattern. In plantations and natural stands, the 
increase during the first growth p~riod is 
gradual followed by a sharp increase in the 
second period. Ten or 11 years after planting 
the plantations had 30 to 40 percent of their 
trees 4-inches d.b.h. or larger, while in the 
natural stand only 14 percent were this large 11 
years after release. 

Figure 2.--Proportion of longleaf pine stems 
equal to and larger than 1- and 
4-inches d.b.h. in planted and 
natural stands. 



I n  a b s o l u t e  numbers, a11 p l a n t a t i o n s  had a t  
l e a s t  300 TPA 1-inch d.b.h. and l a r g e r ,  4  t o  7 
years  a f t e r  p l a n t i n g  (F igure  3).  By age 10 o r  II 
t h e  t h r e e  o l d e r  p l a n t a t i o n s  had from about  600 t o  
n e a r l y  800 TPA t h i s  l a r g e .  The n a t u r a l  s t a n d  had 
350 TPA t h i s  l a r g e  7 y e a r s  a f t e r  r e l e a s e  and 
almost  800 f o u r  y e a r s  l a t e r .  The t h r e e  o l d e r  
p l a n t a t i o n s  had from 243 t o  290 TPA 4-inches 
d,b.h. and l a r g e r  10 o r  11 y e a r s  a f t e r  p l a n t i n g  
whi le  t h e  n a t u r a l  s t a n d  had on ly  125 such TPA 11 
y e a r s  a f t e r  r e l e a s e .  I n  t h e  merchantable TPA 
component, t h e  n a t u r a l  s t a n d  appears  t o  l a g  
behind t h e  p lan ted  s t a n d s  by a t  l e a s t  2 t o  3 y e a r s ,  

L E G E N D :  

A  - E = P L A N T E D  S T A N D S  

R = N A T U R A L  S T A N D  (AGED FROM R E L E A S E )  

A G E  ( Y E A R S )  

Figure  3.--Number of longleaf  p i n e  t r e e s  p e r  
a c r e  equa l  t o  and l a r g e r  than  1- 
and 4-inches d.h.h, i n  p lan ted  and 
n a t u r a l  s t a n d s .  

Dominant Stand Height  

The dominant s t a n d  i n  a l l  p l a n t a t i o n s  had 
g r o w  t o  over  4% f e e t  4 t o  5 y e a r s  a f t e r  p l a n t i n g  
and by age 7 they  were 14 t o  20 f e e t  t a l l  
(F igure  4 ) .  Note t h a t  it i s  standard p r a c t i c e  
t o  assume t h a t  dominznr natural.  loag leaf  s t a n d s  
a r e  over  4% feet t a l l  8 years a f t e r  seed f a l l  
(Fores t  S e r v i c e  1976). I n  s e v e r a l  s t u d i e s  on 
medium s i t e s ,  where t h e  age of t h e  n a t u r a l  
reproduc t ion  from seed- t ree  and shelterwood 
s t a n d s  was known and t h e  reproduc t ion  had been 
reasonably  w e l l  managed, we  have found t h i s  t o  be  
g e n e r a l l y  t r u e .  I n  t h e  n a t u r a l  s tand  spac ing  
s tudy  we knew t h a t  most of t h e  reproduc t ion  came 
from t h e  1958 seed c r o p ,  I n  1967 most of t h e  
dominant s t a n d  t r e e s  showed 2 r i n g s  on c o r e s  
t aken  a t  a h e i g h t  of 4 f e e t ,  i n d i c a t i n g  t h a t  they  
were somewhat Less than  4 f e e t  t a l l  7 y e a r s  a f t e r  
seed f a l l  (5 y e a r s  a f t e r  r e l e a s e ) .  The p l a n t a t i o n s  
were a t  l e a s t  3 t o  5  t imes t h i s  t a l l  7 y e a r s  a f t e r  
p l a n t i n g .  The n a t u r a l  s tand  reached h e i g h t s  of 
14 and 20 f e e t  about 8 and 10 y e a r s ,  r e s p e c t i v e l y ,  
a f t e r  r e l e a s e .  Again, t h e  n a t u r a l  s tand  appears  
t o  l a g  behind t h e  p l a n t a t i o n s  by a t  l e a s t  about  
2 t o  3 y e a r s ,  

L E G E N D :  

A - E = P L A N T E D  STANDS 

R = N A T U R B L  STAND (AGED FROM R E L E A S E )  

A G E  ( Y E A R S )  

Figure  4.--Longleaf p i n e  dominant s tand  
h e i g h t  development i n  p lan ted  
and n a t u r a l  s tands,  



Volume 

Total and merchantable cubic-foot volumes, 
i.b., are presented in Figures 5 and 6. The 
three older planted stands had produced between 
420 and 540 total cubic feet 10 or 11 years after 
planting. The natural stands had produced only 
about 250 total cubic feet 11 years after release. 
The plantation merchantable volumes (d.b.h. >3.5 
inches, 3-inches d.o.b., top) varied from 215 to 
285 cubic feet 10 or 11 years after planting. 
Assuming 80 cubic feet, i.b., per rough cord, 
this amounts to between 2.7 and 3.6 cords. The 
natural stand produced about 80 cubic feet, or 
1 cord, 11 years after release. In volume 
production too, the natural stand appears to 
lag behind the planted stands by at least 2 to 3 
years. 

7 0 0  

A - E = PLANTED STANDS 
R = NATURAL STAND (AGED FROM RELEASE) 
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Figure 6.--Early longleaf pine merchantable 
volume production in planted and 
natural stands. 

In comparison, production to age 10 for a 
well-tended stand planted on an old-field in 
South Alabama varied mostly from about 3 to 6 
cords for densities of 600 to 800 current total 
TPA with some denser portions reaching about 11 
cords (Farrar 1974). The proposition that these 
levels of production would be near the maximum 
expected from plantations on old-field or 
intensively prepared sites is supported by the 
plantation yields of this study. 

0 4  6  8  10 12 
A G E  ( Y E A R S )  

Figure 5.--Early longleaf pine total volume 
production in planted and natural 
stands. 



SUGGESTED PWCTLCES FOR PLANTING LONGLEAP 
PINE 018 PREPmED SITES 

The fo l lowing  b r i e f  o u t l i n e  of requirements  
f o r  s u c c e s s f u l  p l a n t i n g  of longleaf  p i n e  r e s u l t s  
from o b s e r v a t i o n s  of suecessfuL p l a n t i n g s ,  
d i s c u s s i o n s  wi th  successful p l a n t e r s ,  and d i r e c t  
exper ience  i n  p l a n t i n g  longleaf  on sandy prepared 
s i t e s  i n  t h e  Middle Coas ta l  P l a i n  of t h e  East  
Gulf.  It i s  no t  intended t o  cover  a l l  t h e  
d e t a i l s .  

I. Use good p l a n t i n g  s t o c k  ( b e t t e r  s t o c k  = 
b e t t e r  s t a r t )  
A,  Grow a t  low nursery  bed d e n s i t y  - 12 

t o  15 p e r  square  f o o t ,  
B. Stock must be v igorous  - a t  l e a s t  

0.4-inch a t  t h e  r o o t  c o l l a r  (White 1979) 
(0.5-inch is  b e t t e r )  - and w e l l  p r o t e c t e d  
rin t h e  nurse ry  from brownspot and fus i form 
r u s t  . 

C .  Stock should be proper ly  root-pruned 10 
t o  12 weeks p r i o r  t o  L i f t i n g  t o  p repare  
s e e d l i n g s  f o r  l i f t i n g  and o u t p l a n t i n g  
and t o  promote development of f i b r o u s  
l a t e r a l  r o o t s  which may promote s u r v i v a l  
(Brom 1964 ) .  Roots should be  6 t o  8 
i n c h e s  Long, 

X I .  Handle s t o c k  proper ly  (don" till kern 
b e f o r e  t h e y ' r e  p l a n t e d )  
A, P l a n t i n g  as soon a f t e r  l i f t i n g  a s  

p o s s i b l e  is  best, 
B. P r o t e c t  s e e d l i n g s  from dry ing ,  h e a t i n g ,  

and f r e e z i n g  when s t o r i n g  o r  p l a n t i n g .  
Temporarily s t o r e  bales i n  t h e  shade 
and i n  layers 1 b a l e  deep. 

C.  Use co ld  s t o r a g e  i f  s e e d l i n g s  cannot 
be  p lan ted  w i t h i n  1 week, I f  l e f t  i n  
c o l d  s t o r a g e  beyond 2 weeks, d i s c a r d  
s e e d l i n g s  wi th  r o o t - c o l l a r  diameter  
l e s s  than  0.5-inch. 

IIZ.Employ good s i t e  p r e p a r a t i o n  ( t h e  more 
complete, t h e  b e t t e r )  
A.  Destroy a l l  competing woody and grassy  

v e g e t a t i o n  wi th  as l i t t l e  t o p s o i l  l o s s  
as p o s s i b l e .  Nechanical p r e p a r a t i o n  
should be completed b e f o r e  J u l y  t o  
reduce sprou t ing  by woody stumps. 

B. Destroy a12 r e s i d u a l  longleaf  p i n e s  on t h e  
p l a n t i n g  s i t e ,  s i n c e  t h e s e  a r e  sources  of 
b r o m s p o t  i n f e c t i o n .  

C.  Allow s o i l  on the s i t e  t o  s e t t l e  f o r  
s e v e r a l  months; a few soaking r a i n s  should 
occur  before  planting, 

D ,  The s a i l  surface should be r e l a t i v e l y  
smooth; rough p l a n t i n g  s i t e s  r e s u l t  i n  
more poorly p o s i t i o n e d  s e e d l i n g s ,  

IV. U s e  good p l a n t i n g  techniques  ( p l a n t e r  s k i l l  
must be  developed) 
A. P l a n t  on ly  when s o i l  mois tu re  i s  

adequate.  
B.  P l a n t  on contour  t o  l e s s e n  chance of s o i l  

e ros ion .  
C. P l a n t  more s lowly and c a r e f u l l y  t h a n  w i t h  

o t h e r  sou thern  p ines .  
D. P o s i t i o n  s e e d l i n g s  when p l a n t i n g  such 

t h a t  6 months t o  a y e a r  a f t e r  p l a n t i n g ,  
when t h e  s o i l  on t h e  s i t e  h a s  f u l l y  
s e t t l e d ,  t h e  s e e d l i n g  bud w i l l  be 
exposed. This  c a l l s  f o r  i n i t i a l l y  
p o s i t i o n i n g  t h e  s e e d l i n g  bud somewhat 
below t h e  s o i l  s u r f a c e  (and packing- 
wheel r i d g e )  b u t  t h e  amount depends upon 
p l a n t e r  exper ience  wi th  s o i l  t i l t h  on 
t h e  p l a n t i n g  s i t e  and t h e  amount of s o i l  
s e t t l i n g  a n t i c i p a t e d  a f t e r  p l a n t i n g .  The 
s e e d l i n g  r o o t  should never  be  exposed. 

E. I f  machine p l a n t i n g ,  a  p l a n t i n g  machine 
d r a m  by an  i n d u s t r i a l  wheeled t r a c t o r  
i s  recommended. Severa l  machines a r e  
a v a i l a b l e ,  some perhaps a r e  b e t t e r  t h a n  
o t h e r s .  

F. I n i t i a l l y ,  p l a n t  a t  a  3-foot spac ing  i n  
rows 10 f e e t  a p a r t .  As s u c c e s s f u l  
exper ience  is gained,  t h e  spacing can b e  
increased  t o ,  say ,  6 by 10 f e e t .  Don't  
worry about p l a n t i n g  t o o  many s e e d l i n g s .  
They a r e  t h e  cheapest  p a r t  of t h e  e n t i r e  
o p e r a t i o n .  Don't worry about  s t a g n a t i o n  
i f  they a l l  s u r v i v e  ( u n l i k e l y )  - l o n g l e a f  
b reaks  e a r l y  and s t r o n g l y  i n t o  crown c l a s s e s  
and h a s  l e s s  need f o r  precommercial t h i n n i n g  
t h a n  o t h e r  sou thern  p ines .  

V. P r o t e c t  and monitor t h e  p l a n t a t i o n  
A. P r o t e c t  s e e d l i n g s  from c a t t l e .  C a t t l e  

t rample s e e d l i n g s  and can cause  unaccept-  
a b l e  l o s s e s ,  Also, they can aggrava te  a  
s i t u a t i o n  where brownspot i s  a problem by 
c l o s e l y  graz ing  t h e  s i t e  and prevent ing  
enough f u e l  accumulation t o  c a r r y  a  
b r o m s p o t  burn. 

B. Make annual  checks f o r  brownspot and 
burning needs f o r  brush c o n t r o l  u n t i l  a  
minimum of 300 t r e e s  p e r  a c r e  a r e  i n  
h e i g h t  growth. 

CONCLUSION 

From t h e  d a t a  p resen ted  i t  is  obvious t h a t  
longleaf  p i n e  can be  s u c c e s s f u l l y  machine-planted 
on prepared sandy s i t e s  i n  t h e  Eas t  Gulf Middle 
Coas ta l  P l a i n  on an  o p e r a t i o n a l  b a s i s .  A l l  f i v e  
p l a n t i n g  s i t u a t i o n s  had s t a n d s  t h a t  averaged b e t t e r  
than  50 percen t  s u r v i v a l  a t  age 10 and more t h a n  



300 TPA were 1-inch d.b.h. and larger 7 years 
after planting. The height of the dominant 
stand 7 years after planting was at least 3 to 5 
times the height of a natural stand 7 years after 
seed fall, Plantation volume production was much 
better at given ages from planting (or release) 
than a comparably stocked naturally regenerated 
stand under good mnagement and comparable to a 
local well-tended old-field plantation. Employ- 
ment of the suggestions presented for planting 
longleaf pine should largely ensure establishment 
of successful plantations on prepared sites. 
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EFFECTS OF INITIAL SEEDLIPaG DEHSITU ON SPOT-SEE13E;D LOBLOLLY 

SLASH PINES AT AGE 1 5  YEARS 1! 
" / Thomas E, Campbel l& 

Abstract . - -Early t h i n n i n g  of mul t ip le -seed l ing  s p o t s  t o  
a  s i n g l e  stem provided adequa te  s t o c k i n g  and increased  growth 
by age  15. Leaving 2 ,  5, o r  9  s e e d l i n g s  p e r  s p o t  caused a 
s i g n i f i c a n t  r e d u c t i o n  i n  h e i g h t  and diameter  growth f o r  most 
of t h e  s p e c i e s - d e n s i t y - s i t e  combinat ions.  This  sugges t s  a 
change i n  c u r r e n t l y  recomended s p o t  sowing r a t e s  t o  reduce 
c l u s t e r i n g .  

INTRODUCTIOPJ 

D i r e c t  seeding i s  a  s u c c e s s f u l  and widely 
accepted method of r e g e n e r a t i n g  sou thern  p ines .  
A e r i a l  seed ing  is g e n e r a l l y  used on l a r g e  a r e a s ,  
but s p o t  sowing by hand is an e x c e l l e n t  a l t e r n a -  
t i v e  f o r  small t r a c t s  o r  where broadcas t ing  is 
i m p r a c t i c a l .  Spot seed ing  r e q u i r e s  on ly  one-third 
t o  one-fourth t h e  seeds  used i n  b roadcas t  sowing, 
and permi t s  more p r e c i s e  c o n t r o l  of s t o c k i n g  and 
spacing t h a n  i s  p o s s i b l e  wi th  b roadcas t ing .  It 
i s  a l s o  cheaper ,  f a s t e r ,  and l e s s  l a b o r i o u s  than  
hand p l a n t i n g  nursery  s e e d l i n g s .  Spot seeding 
i s  e s p e c i a l l y  s u i t a b l e  f o r  t h e  smal l  landowner 
who must keep out-of-pocket expenses t o  a  
minimum . 

In  s p o t  seed ing ,  m u l t i p l e  seeds  a r e  dropped 
on a s p o t  t o  i n s u r e  a t  l e a s t  one s e e d l i n g .  Mann 
and Burns (1965) recomended sowing s i x  s e e d s  
per  s p o t  on 1,008 s p o t s  p e r  a c r e .  Though t h i s  
o f t e n  r e s u l t s  i n  s e v e r a l  s e e d l i n g s  on t h e  s p o t ,  
Campbell (1964) repor ted  t h a t  s l a s h  p i n e  (Pi79sts 
e Z Z i o t t i i )  showed no adverse  e f f e c t s  from such 
c l u s t e r i n g  a t  age 3 .  

I f  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 4-5, 1982. 

2f S i l v i c u l t u r i s t ,  Southern F o r e s t  Experi- 
ment % a t  ion ,  F o r e s t  Serv ice ,  USBA, P i n e v i l l e ,  
Loti i s  iana , 

This  s tudy  was e s t a b l i s h e d  i n  1962 t o  
determine how many s e e d l i n g s  were needed on 
a  s p o t  t o  i n s u r e  adequate s tock ing ,  and t o  
determine t h e  e f f e c t  of m u l t i p l e  t r e e s  p e r  
s p o t  on growth t o  m e r c h a n t a b i l i t y ,  Loblo l ly  
(P. h e &  L.) and s l a s h  p i n e s  were e s t a b l i s h e d  
a t  a  r a t e  o f  1 ,000 s p o t s  per  a c r e  a t  d e n s i t i e s  
of 1, 2 ,  5,  and 9 s e e d l i n g s  per  s p o t ,  A11 
spec ies -dens i ty  combinations were i n s t a l l e d  
on each of two s i t e s .  S i t e  index was not  
determined. 

Lohrey (1970) repor ted  measurements of 
t h e  s tudy  a t  age  5. Spot d e n s i t y  d i d  no t  
a f f e c t  h e i g h t  growth of t h e  t a l l e s t  t r e e  per  
s p o t ,  and t h e  t a l l e s t  t r e e s  were maintaining 
dominant crown p o s i t i o n s  on most s p o t s  a t  a l l  
d e n s i t i e s .  Many s m a l l  t r e e s  were expected t o  
drop o u t  of compet i t ion  r a p i d l y  a f t e r  crown 
c l o s u r e .  By age  10 ,  Campbell (1981) found 
t h a t  1 o r  2 s e e d l i n g s p e r  s p o t  produced f u l l y  
s tocked s t a n d s  of both s p e c i e s  on both s i t e s ;  
5  and 9 s e e d l i n g s  p e r  s p o t  showed a s l i g h t  
reduc t ion  i n  h e i g h t  and diameter  growth. 

This  paper  r e p o r t s  measurements of t h e  
s tudy  a t  age  15 .  

I n i t i a l l y ,  f o u r  s e e d l i n g  d e n s i t i e s  w e r e  
e s t a b l i s h e d  on 0.1-acre s q u a r e  p l o t s  and werc 
r e p l i c a t e d  f o u r  t imes i n  a  randomized block 
des ign  f o r  each s p e c i e s  on each of two s i t e s .  
Experimental des ign  d i d  n o t  permit  s t a t i s t i c a l  
comparison of s p e c i e s  o r  s i t e s .  



On s i t e  A ,  i n i t i a l l y  c l a s s i f i e d  a s  being 
medium i n  q u a l i t y ,  t o p s o i l  was a brown f i n e  
sandy Loam 8 inches deep t h a t  o v e r l a i d  a red 
sandy c l a y  loam s u b s o i l .  Sur face  and i n t e r n a l  
d r a i n a g e  were good. S i t e  B was t h e  poorer  of 
t h e  two s i t e s ;  it had a gray sandy loam t o p s o i l  
about  6 inches  deep u n d e r l a i n  by a s lowly 
permeable r e d d i s h  brown c l a y .  Sur face  d r a i n a g e  
was adequate.  S c a t t e r e d  second-growth longleaf  
p ines  and numerous s c r u b  hardwoods covered 
both s i t e s .  The  p ines  were f e l l e d  and removed 
and hardwoods were i n j e c t e d  w i t h  h e r b i c i d e s  
b e f o r e  t h e  s tudy  was i n s t a l l e d .  

Seed s p o t s  were prepared a t  6.6-foot s q u a r e  
spac ings  (1,000 p e r  a c r e  o r  100 p e r  p l o t )  by 
s c r a p i n g  l e a v e s  and duf f  away wi th  a f i r e  r a k e  
t o  expose minera l  s o i l .  Spots  were hand-sown 
wi th  approximately 20 s t r a t  i f  i e d ,  r e p e l l e n t -  
t r e a t e d  s e e d s  t o  i n s u r e  heavy s t o c k i n g .  A f t e r  
two complete growing seasons,  s p o t s  were 
thinned t o  t h e i r  ass igned  d e n s i t i e s ,  l e a v i n g  t h e  
t a l l e s t  s e e d l i n g s  per  s p o t .  Although poor 
germinat ion and e a r l y  s u r v i v a l  r e s u l t e d  i n  
average s t o c k i n g  below ass igned  d e n s i t i e s  of 1, 
2 ,  5, and 9 s e e d l i n g s  per  s p o t  ( t a b l e s  1 and 
6 ) ,  t h e  ass igned  d e n s i t y  d e s i g n a t i o n s  w i l l  be 
used i n  t h i s  r e p o r t .  

The i n t e r i o r  25 s p o t s  on each t rea tment  
p l o t  were used f o r  15-year measurements. T o t a l  
t r e e  counts  were made on each s p o t ,  and d.b.h. 
of each t r e e  was measured t o  t h e  n e a r e s t  0.1- 
i a c h  w i t h  a diameter  t a p e .  A f t e r  a l l  t r e e s  on 
a p l o t  were measured, one sample t r e e  was then  
s e l e c t e d  f o r  every t h r e e  t r e e s  p e r  1-inch d.b.h. 
c l a s s  (0.6 t o  1.5,  1 . 6  t o  2.5, e t c . ) .  Sample 
t r e e s  were s e l e c t e d  a s  n e a r  a s  p o s s i b l e  t o  t h e  
midpoint  of each c l a s s  without  regard  f o r  t r e e  
q u a l i t y .  A11 sample t r e e s  were measured wi th  
a r e l a s k o p  f o r  t o t a l  h e i g h t ,  h e i g h t  t o  t h e  
f i r s t  l i v e  limb, and f o r  s u c c e s s i v e  2-inch 
diameter  t a p e r  s t e p s  from a 4-inch t o p  o u t s i d e  
bark  t o  a 2-foot stump. R e l a t i v e  crown posi-  
t i o n  was determined f o r  each sample t r e e .  A l l  
dominant and codominant sample t r e e s  were used 
t o  determine s i t e  index; where needed, nonsample 
dominants and codominants were measured t o  
t o t a l  h e i g h t  on ly  s o  t h a t  a minimum of  1 0  were 
a v a i l a b l e  f o r  s i t e  index de te rmina t ions .  The 
he igh t  accumulation and p l o t  s u m a r y  programs, 
descr ibed  by Lohrey and D e l l  (1969), were used 
t o  compute volumes and o t h e r  p e r t i n e n t  d a t a .  

A l l  measurement parameters  f o r  each s p e c i e s  
on each s i t e  were t e s t e d  by ANOV (0.05 l e v e l )  f o r  
d i f f e r e n c e s  between s p o t  d e n s i t i e s .  Duncan's 
M u l t i p l e  Range Tes t  was used t o  l o c a t e  s i g n i -  
f i e a n  t d i f f e r e n c e s  . 

Trees  a r e  d iv ided  i n t o  t h r e e  a r b i t r a r y  
s i z e  c l a s s i f i c a t i o n s  i n  t h e  fol lowing pre-  
s e n t a t i o n s :  a l l  trees; merchantable  t r e e s ,  
t h o s e  3.6 inches  d.b.h, and l a r g e r ;  and 
crop t r e e s ,  t h o s e  5.6 inches  d.b.h. and 
l a r g e r .  

RESULTS 

Loblo l ly  P ine  

At age  15, t h e  average number of trees 
p e r  mult iple-s tocked s p o t  ranged from 1 . 3  
p e r  2 - t ree  s p o t  on s i t e  A t o  2.4 per  9 - t ree  
s p o t  on s i t e  B ( t a b l e  1 ) .  A l l  t rea tments  
r e s u l t e d  i n  e x c e l l e n t  s tock ing ;  t h e  range 
was from 640 t o  910 s tocked s p o t s  per  a c r e ,  
S t a r t i n g  wi th  more than one s e e d l i n g  per  
s p o t  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  s t o c k i n g  
on e i t h e r  s i t e .  

T o t a l  t r e e s  p e r  a c r e  on mult iple-s tocked 
s p o t s  ranged up t o  1,970 on s i t e  A and 
2,150 on s i t e  B. S i n g l e - t r e e  s p o t s  had 740 
t r e e s  per  a c r e  on s i t e  A and 640 on s i te  B. 
S i t e  A had 690 merchantable  t r e e s  on s i n g l e -  
t r e e  s p o t s  and 960 on 5- t ree  s p o t s .  Merchan- 
t a b l e  t r e e s  on s i t e  B were s l i g h t l y  l e s s  i n  
number f o r  each d e n s i t y  l e v e l ,  bu t  t h e  minimum 
was 560 t r e e s  p e r  a c r e .  There were no s t a t i s -  
t i c a l  d i f f e r e n c e s  between d e n s i t y  l e v e l s  f o r  
e i t h e r  s i t e .  However, t h e  i n f l u e n c e  of i n i t i a l  
s p o t  d e n s i t y  was more obvious i n  crop t r e e s ,  
t h e  number t h a t  had grown t o  more than  5.5 
inches  d.b.h. Genera l ly ,  a s  o r i g i n a l  s p o t  
d e n s i t y  increased ,  t h e  number of crop t r e e s  
p e r  a c r e  decreased.  Except ions were f o r  2- 
tree s p o t s  on s i t e  A and 5-tree s p o t s  on s i t e  
B. 

T o t a l  h e i g h t s  o f  a l l  t r e e s  averaged from 
36 f e e t  f o r  9- t r e e  s p o t s  t o  45 f e e t  f o r  
s i n g l e  t r e e s ;  bo th  extremes were on s i t e  B 
( t a b l e  2 ) .  The s i g n i f i c a n t  d i f f e r e n c e s  a r e  
probably a r e f l e c t i o n  of s p o t  d e n s i t y  e f f e c t s .  
On s i t e  A, h e i g h t s  of dominants and codominants 
were 3 t o  7 f e e t  t a l l e r  than  averages f o r  a l l  
t r e e s ;  s i t e  B d i f f e r e n c e s  were 2 t o  7 f e e t .  
The on ly  s t a t i s t i c a l  d i f f e r e n c e  i n  h e i g h t s  of 
dominants and codominants by s p o t  d e n s i t y  l e v e l  
was between 1- and 9- t ree  s p o t s  on s i t e  B. 
The p r o p o r t i o n s  of t o t a l  h e i g h t s  occupied by 
l i v e  crowns ranged from 32 t o  44 percen t  f o r  
a l l  t r e e s ,  and from 36 t o  49 percen t  f o r  
dominants and codominants. There was o n l y  one 
s i g n i f i c a n t  d i f f e r e n c e  i n  l i v e  crown r a t i o s  
f o r  t h e  two groups of t r e e s  on t h e  two s i t e s - -  
a l l  t r e e s  f o r  t h e  5 - t ree  t rea tment  on s i t e  B 
had s h o r t e r  crowns than  t r e e s  on t h e  1- and 
2- t ree  s p o t s .  



Table 1.--Mean s t a n d  and s t o c k i n g  d a t a  a t  age 1 5  f o r  l o b l o l l y  p i n e  

Assigned : Mean : Curren t  : Current  : S p o t s l a c r e  s tocked wi th  : Trees p e r  a c r e  
s p o t  : d e n s i t y  a t  I mean : trees p e r  : 1 o r  more : 2 o r  m r e  : A l l  :Merchantable: Crop 

d e n s i t y  : age  2 y r s .  : d e n s i t y  :s tocked s p o t :  t r e e s  : t r e e s  : t r e e s  : t r e e s  : t r e e s  

S i t e  A  

740&/ 
720a 
910a 
730a 

S i t e  B 

I/ For each si te,  means i n  each column 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  - 
(0.05 l e v e l ) .  S i t e s  a r e  n o t  s t a t i s t i c a l l y  comparable because of s t a t i s t i c a l  design.  

Table 2.--Mean t o t a l  h e i g h t s  and live-crown r a t i o s  a t  age  1 5  f o r  l o b l o l l y  
p i n e  

Assigned : T o t a l  h e i g h t  L ive  crown r a t i o  
s p o t  : : Dominants and : : Dominants and 

d e n s i t v  : A l l  t r e e s  : codominants : A l l  t r e e s  : codominants 
------------ Feet-------------- ----------- Percent------------ 

S i t e  A  

S i t e  B 

I f  For each s i t e ,  means i n  each column fol 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  (0 .05 l e v e l ) .  S i t e s  a r e  n o t  s t a t i s t i c a l l y  
comparable. 



Mean d.b.h, of a l l  s i t e  A t r e e s  on 1- and 
2-tree spo t s  was s t a t i s t i c a l l y  g rea t e r  than 
t r e e s  on spo t s  with higher d e n s i t i e s  ( t a b l e  3) .  
For dominants and codominants, however, only 
t h e  5-tree spo t s  had smaller  t r e e s .  On s i t e  B y  
s i n g l e  t r e e s  were l a rge r  than those  on a l l  t h r ee  
o ther  t reatments f o r  a l l  t r e e s ;  dominant and 
codominant s i n g l e  t r e e s  were a l s o  l a rge r  than 
those on 5- and 9-tree spo t s .  Merchantable 
t r e e s  showed t h e  same general  t rend  a s  a11 
t rees- -s ize  decreased a s  spo t  dens i ty  increased,  
and d i f f e r ences  between dens i ty  l e v e l s  were 
s i g n i f i c a n t  f o r  both s i t e s .  However, d.b. h. 
d i f f e r ences  between spo t  d e n s i t i e s  f o r  crop 
t r e e s  were not  s i g n i f i c a n t  on e i t h e r  s i t e .  

The d i s t r i b u t i o n s  of t r e e s  by 1-inch d.b.h. 
c l a s s e s  f o r  l o b l o l l y  p ine  on both s i t e s  a r e  
shown i n  t a b l e  4. 

Basal a r e a  f o r  a l l  t r e e s  and f o r  merchantable 
t r e e s  was not  a f f ec t ed  by spot  dens i ty  on e i t h e r  
s i t e  ( t a b l e  3) .  But f o r  s i t e  A t r e e s  5.6 
inches d.b.h. and l a r g e r ,  t he  1- and 2-tree 
spo t s  had s i g n i f i c a n t l y  more basa l  a r e a  than d id  
t h e  denser spots .  On s i t e  B t h e  only s i g n i f i -  

cant  d i f f e r ence  was between s ing le - t r ee  and 
9-tree spots .  

Or ig ina l  spot  dens i ty  had no s t a t i s t i c a l  
inf luence  on t o t a l  o r  merchantable volume 
y i e l d s  f o r  e icher  s i t e ,  though s i t e  A had 
s l i g h t l y  higher volumes than s i t e  B f o r  each 
dens i ty  l e v e l  ( t a b l e  5) .  But t h e  most i n t e r e s t -  
ing  f i g u r e s  i n  volume y i e l d s  a r e  those of non- 
merchantable wood by spot  dens i ty  c l a s se s .  A t  
age 15, about 15 percent  of t he  t o t a l  volume 
on s ingle- t ree  spo t s  was non-merchantable. But 
t h a t  proport ion of non-merchantable wood in- 
creased a s  spot  dens i ty  increased t o  about 44 
percent  on 9-tree spo t s .  

Volumes i n  crop trees--5.6 inches and 
larger--on s i t e  A 5-tree spo t s  were s i g n i f i -  
cant ly  l e s s  than on 1- and 2-tree spo t s ,  but not  
l e s s  than on 9-tree spo t s .  On s i t e  B y  s ingle-  
t r e e  spo t s  had more volume than 2- o r  9-tree 
spo t s ,  but not  more than 5-tree spots .  The 
d i f f e r ences  c l e a r l y  express t he  inf luence  t h a t  
mul t ip le- t rees  on a spot  have on volume growth 
through 15 years.  

Table 3.--Mean d.b.h. and basa l  a r ea  a t  age 1 5  f o r  l o b l o l l y  p ine  

Assigned : D.b.h. Basal a r e a  
spot  : A 1 1  :Dom. and:Merchantable: Crop : A l l  :Merchantable: Crop 

dens i ty  : t r e e s  :codoms. : t r e e s  : t r e e s  : t r e e s  : t r e e s  : t r e e s  
-------------- Inches----------------- -------- Square feet--------- 

S i t e  A 
1/ 

5.8a- 6.5a 6.0a 6.8a 135a 133a 91a 
5.2a 6.8a 5.6ab 6.7a 148a 142a 8 9a 
4.0b 5.0b 4 . 8 ~  6. l a  159a 122a 38b 
4.4b 6.0a 5. l b c  7.2a 146a 119a 49b 

S i t e  B 

1/ For each s i t e ,  means i n  each column followed by 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  (0.05 l e v e l ) .  S i t e s  a r e  not  s t a t i s t i c a l l y  
comparable. 



Table 4.--Mean d i s t r i b u t i o n  of t r e e s  p e r  a c r e  by 1-inch d.b.h. c l a s s e s  a t  
age  1 5  f o r  l o b l o l l y  p i n e  

Assigned : D.b.h. c l a s s e s  
s p o t d e n s i t y :  1 :  2 :  3 :  4 :  5 :  6 :  7 :  8 :  9 :  10 

.......................... Number----------------------------- 

S i t e  A 

S i t e  B 

Table 5.--Mean volumes p e r  a c r e  ( o u t s i d e  bark)  a t  age 1 5  f o r  l o b l o l l y  p i n e  

Assigned : A l l  t r e e s  : Merchantable t r e e s  : Crop t r e e s  
s p o t  d e n s i t y  : t o  t h e  t e r m i n a l  bud: t o  a 4-inch top  : t o  a 4-inch top  

.......................... Cords------------------------------ -- 

S i t e  A 

S i t e  B 

I/ For each s i t e ,  means i n  each column fol 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  (0.05 l e v e l ) .  S i t e s  a r e  n o t  s t a t i s t i c a l l y  
comparable. 



S l a s h  P ine  

T h e  average  number of t r e e s  per  s tocked 
s p o t  ranged from 1 . 0  on s i n g l e - t r e e  s p o t s  t o  2.9 
on 9- t ree  s p o t s  f o r  bo th  s i t e s  ( t a b l e  6 ) .  
Stocked s p o t s  per  a c r e  averaged 688 t o  950 on 
s i t e  A,  and from 550 t o  850 on s i t e  B. Though 
s p o t s  w i t h  m u l t i p l e  t r e e s  had s i g n i f i c a n t l y  more 
s tocked s p o t s  per  a c r e ,  t h e  lowest  560 s tocked  
s i n g l e - t r e e  s p o t s  were e a t i s f a c t o r y .  

T o t a l  t r e e s  per  a c r e  f o r  mult ip le - s tocked  
s p o t s  averaged up t o  2,840 on s i t e  A and 2 , 6 0 0  
on s i t e  B. Th is  is t o o  many t r e e s  a t  age 1 5  
y e a r s  f o r  optimum diameter  growth and is 
r e f l e c t e d  i n  t h e  p ropor t ion  of t r e e s  growing 
i n t o  merchantable  and crop s i z e .  On s i t e  A,  
94 p e r c e n t  of t h e  s i n g l e  t r e e s  had grown t o  
m e r c h a n t a b i l i t y  and 65 p e r c e n t  had reached 
5 . 6  inches  o r  l a r g e r .  For t h e  9- tree s p o t s ,  
t h e  p r o p o r t i o n s  were 33 and 2 p e r c e n t  f o r  
merchantable  and crop t r e e s .  The same r e l a t i v e  
percen tages  on s i t e  B were cons iderab ly  l e s s  
except  t h a t  4 percen t  of t h e  t r e e s  on 9- t ree  
s p o t s  had grown to  c rop  s i z e .  On both s i t e s ,  a s  
o r i g i n a l  d e n s i t y  increased  t h e  number of crop 
t r e e s  decreased ,  but t h e  r a t e  of decrease  was 
g r e a t e r  on t h e  b e t t e r  s i t e .  

Mean t o t a l  h e i g h t  of a l l  t r e e s  was s t r o n g l y  
in f luenced  by s p o t  d e n s i t y  on s i t e  A; s i n g l e  
t r e e s  averaged I1 f e e t  t a l l e r  than  those  on 
9- t ree  s p o t s  ( t a b l e  7 ) .  Dominants and codomi- 
n a n t s  were on ly  2 f e e t  t a l l e r  than  a l l  t r e e s  
on s i n g l e - t  r e e  s p o t s ,  but  t h e  d i f f e r e n c e  was 
7 f e e t  f o r  5- and 9- t ree  s p o t s .  Dens i ty  had 
no s t a t i s t i c a l  i n f l u e n c e  on h e i g h t  growth a t  
s i t e  B. Maximum d i f f e r e n c e s  were 3 f e e t  f o r  
a l l  t r e e s  and 2 f e e t  f o r  dominants and codomi- 
n a n t s .  It i s  i n t e r e s t i n g ,  however, t h a t  f o r  a l l  
t r e e s  and f o r  dominants and codominants, s i n g l e  
t r e e s  on t h e  b e t t e r  s i t e  were 9 f e e t  t a l l e r  than  
t h o s e  on t h e  poorer  s i t e ,  w h i l e  t r e e s  on 9- t ree  
s p o t s  were about  equa l  i n  h e i g h t  on both s i t e s .  

The l i v e  crown t o  t o t a l  h e i g h t  r a t i o  f o r  
a l l  s i n g l e  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  than  
f o r  a l l  t r e e s  on 5- and 9 - t r e e  s p o t s  on s i t e  A 
( t a b l e  7 ) .  But l i v e  crown r a t i o s  were n o t  
a f f e c t e d  by s p o t  d e n s i t y  f o r  a l l  t r e e s  on s i t e  
B, o r  f o r  dominants and codominants on e i t h e r  
s i t e .  

Average d.b.h,  of a l l  t r e e s  and of mer- 
chan tab le  t r e e s  on s i t e  A decreased s i g n i f i -  
c a n t l y  f o r  each i n c r e a s e  i n  s p o t  d e n s i t y ,  bu t  
crop t r e e s  were unaf fec ted  ( t a b l e  8) .  Mean 
d.b.h. on s i t e  B was in f luenced  by s p o t  d e n s i t y  
f o r  a l l  t r e e s  only.  Diameters on s i t e  A were 
g e n e r a l l y  g r e a t e r  than &hose on s i t e  B f o r  t h e  

t h r e e  l i g h t e s t  d e n s i t i e s ,  but  t h e  r e v e r s e  was 
t r u e  on % t r e e  s p o t s  f o r  dominants and codomi- 
n a n t s ,  merchantable  t r e e s ,  and crop t r e e s .  
Diameter d i s t r i b u t i o n s  by 1-inch c l a s s e s  a r e  
shown i n  t a b l e  9 f o r  bo th  s i t e s .  

T o t a l  b a s a l  a r e a  on both s i t e s  was g r e a t e r  
f o r  5- and 9- t ree  s p o t s  than  f o r  s i n g l e  t r e e s .  
Merchantable b a s a l  a r e a  on s i t e  A 9 - t ree  s p o t s  
was l e s s  than  t h e  o t h e r  t h r e e  d e n s i t i e s ,  bu t  2 t  
was n o t  s t a t i s t i c a l l y  in f luenced  by s p o t  dens i -  
t y  on s i t e  B. As wi th  mean d iameters  and 
numbers of t r e e s ,  average b a s a l  a r e a s  on s i t e  B 
were g e n e r a l l y  l e s s  than on t h e  b e t t e r  s i t e .  

T o t a l  volume on s i t e  A was n o t  s t a t i s t i -  
c a l l y  in f luenced  by s p o t  d e n s i t y ,  but  mer- 
chan tab le  and c rop  t r e e  volumes were; e x a c t l y  
t h e  o p p o s i t e  was t r u e  on s i t e  B ( t a b l e  1 0 ) .  
On s i t e  A, 5 - t ree  s p o t s  had t h e  most t o t a l  
volume, 2 - t ree  s p o t s  t h e  most merchantable 
volume, and s i n g l e  t r e e s  had t h e  most crop 
t r e e  volume. On B t h e  9 - t ree  s p o t s  had t h e  most 
t o t a l  volume, 5 - t r e e  s p o t s  t h e  most merchantable  
volume, and s i n g l e  t r e e s  had t h e  most crop t r e e  
volume . 

DISCUSSION 

Thinning 1,000 mult iple-s tocked s p o t s  p e r  
a c r e  t o  a s i n g l e  s e e d l i n g  per  s p o t  a t  age  2 
was f u l l y  s u c c e s s f u l  i n  e s t a b l i s h i n g  an adequa te  
s t a n d .  A fu l ly -s tocked  s t a n d  is  considered t o  
b e  500 t o  750 w e l l  spaced t r e e s  per  a c r e ,  and 
a l l  f o u r  s i n g l e - t r e e  s tock ing  averages exceeded 
t h e  minimum. As s p o t  d e n s i t y  was increased  
from one t o  n i n e  s e e d l i n g s  per  s p o t ,  however, 
t h e  number of s e e d l i n g s  p e r  a c r e  a l s o  i n c r e a s e d ,  
and t h e s e  a d d i t i o n a l  s e e d l i n g s  were i n  excess  of 
t h e  needs.  They were, i n  f a c t ,  d e t r i m e n t a l  t o  
growth on t h e  c l u s t e r e d  s p o t s .  Average h e i g h t s  
between 1- and 9 - t r e e  s p o t s  were s i g n i f i c a n t l y  
decreased on two s p e c i e s - s i t e  combinations, and 
average  d iameters  were decreased on a l l  f o u r  
combinations. T o t a l  volumes were increased  by 
t h e  h igher  d e n s i t y ,  but  volumes on s i n g l e - t r e e  
p l o t s  were concent ra ted  i n  fewer and l a r g e r  
t r e e s .  For example, on s i t e  A, s i n g l e  s l a s h  
p i n e s  had about  24 t r e e s  per  cord and 9- t ree  
s p o t s  had 177 t r e e s  p e r  cord,  whi le  on s i t e  B ,  
t h e r e  were 55 and 202 t r e e s  per  cord ,  respec-  
t i v e l y .  S t a r t i n g  wi th  two s e e d l i n g s  per  s p o t  
was a l s o  d e t r i m e n t a l  t o  growth when compared 
w i t h  s i n g l e  trees, bu t  t h e  d i f f e r e n c e s  were n o t  
n e a r l y  s o  g r e a t  a s  between one and n i n e  seed- 
l i n g s .  



Table 6.--Mean s tand and stocking da ta  a t  age 1 5  f o r  s l a s h  pine 

Assigned : Mean : Current : Current :Spots/acre stocked with: Trees per ac re  
spo t  : dens i ty  a t  : mean : t r e e s  per  : 1 or  more : 2 o r  more : A 1 1  :Merchantable: Crop 

dens i ty  : age 2 y r s .  : dens i ty  :stocked spot:  t r e e s  : t r e e s  : t r ee s :  t r e e s  : t r e e s  

S i t e  A 

S i t e  B 

1/ For each s i t e ,  means i n  each column followed by 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  - 
(0.05 l e v e l ) .  S i t e s  a r e  not  s t a t i s t i c a l l y  comparable. 

Table 7.--Mean t o t a l  he ights  and live-crown r a t i o s  a t  age 15  f o r  s l a s h  pine 

Assigned : Tot a 1  he ight  Live-crown r a t i o  
spot  : : Dominants and : : Dominants and 

dens i ty  : A l l  t r e e s  : codominants : A l l  t r e e s  : codominants 
----------- Feet--------------- ------------ Percent ------------ 

S i t e  A 

S i t e  B 

I/ For each s i t e ,  means i n  each column followed by 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  (0.05 l e v e l ) .  S i t e s  a r e  not  s t a t i s t i c a l l y  
comparable. 



Table 8,--Mean d.b,h.  and b a s a l  a r e a  a t  age 15 f o r  s l a s h  p ine  

Assigned : D.b.h. Basal area 
s p o t  : A l l  :Dam. and:Herchantable: Crop : A l l  :Merchantable: Crop 

d e n s i t y  : trees : codom, :  trees : t r e e s  : trees : t r e e s  : t r e e s  
--------------- Inches--------------- ------- ---------- 

S i t e  A 

S i t e  S 

I f  For each s i t e ,  means i n  each column fol lowed 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  (0.05 l e v e l ) .  S i t e s  a r e  n o t  s t a t i s t i c a l l y  comparable. 

Table 9.--Mean d i s t r i b u t i o n  of  t r e e s  p e r  acre by 1-inch d.b.h. c l a s s e s  a t  
age  1 5  f o r  s l a s h  p i n e  

Assigned : D.b.h. classes 
s p o t d e n s i t y :  1 :  2 :  3 :  4 :  5 :  6 :  7 :  8 :  9 :  10 

S i t e  A 

S i t e  B 



Table 10.--Mean volumes per  a c r e  (outs ide  bark) a t  age 15  f o r  s l a s h  p ine  

A s s  igned : A l l  t r e e s  : Merchantable t r e e s  ; Crop t r e e s  
spot  dens i ty  : t o  t h e  terminal  bud : t o  a 4-inch top  : t o  a 4-inch top ---------------------------- Cords---------------------------- 

S i t e  A 
I/ - 

32.9a 28.8a 
40.8a 31.7a 
41.3a 24.0ab 
37.2a 16.0b 

S i t e  B 

14.3b 
18. Sab 
24.2ab 
27.0a 

I/ For each s i t e ,  means i n  each column followed by 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  (0.05 l e v e l ) .  S i t e s  a r e  not  s t a t i s t i c a l l y  
comparable. 

These da t a  i nd i ca t e  t h a t  t h e  i n i t i a l  number 
of seedl ings  on a spot  is highly c r i t i c a l .  Thus 
t h e  number of seeds sown on a spo t  is most 
important. Current recommendations f o r  southern 
p ines  a r e  t o  sow f i v e  seeds per spot  on 1,000 
spo t s  per  ac re .  Long-term experience has  shown 
t h a t  one seedling normally r e s u l t s  from each 
t h r e e  t o  four  seeds sown. F ive  seeds per  spot  
is good insurance f o r  a high proport ion of t h e  
spo t s  t o  be stocked with a t  l e a s t  one seedl ing .  
They w i l l  a l s o  produce a s u b s t a n t i a l  number of 
spo t s  wi th  two o r  t h r e e  seedl ings ,  and some 
spots  wi th  up t o  f i v e  seedl ings .  Redwing t h e  
sowing r a t e  t o  t h ree  seeds per spo t ,  even on 
1,000 spo t s  per acre ,  may c r e a t e  some r i s k  of 
understocking. However, based upon these  re-  
s u l t s  of b e t t e r  growth from s i n g l e  t r e e s ,  and 
d i r e c t  seeding success from the  use  of good 

seeds,  t he  recommended sowing r a t e  probably 
should be changed. I n  an at tempt t o  compromise 
between an adequate number of stocked spo t s  and 
a reduction i n  multiple-spot s tocking,  t he  
fol lowing recommendations a r e  made: use seeds 
with a germinative capaci ty  of 80 percent  o r  
more, sow f i v e  seeds per spot  on 600 t o  750 
spo t s  per a c r e  fou r  seeds on 750 t o  900 spo t s  
per  a c r e ,  o r  t h r e e  seeds on more than 900 spo t s  
per acre .  Sowing fewer spots  with add i t i ona l  
seeds decreases t h e  labor  involved, makes l i t t l e  
d i f f e r ence  i n  t o t a l  seed requirements, but 
increases  t h e  chances f o r  multiple-stocked 
spots .  . Manual thinning of multiple-stocked 
spots  a t  age 2 o r  3 years  would be bene f i c i a l ,  
but t h e  economics of thinning must be decided 
by t h e  land manager. 
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HEIGHT GROWTH OF CONTAINERIZED L'tlITE PINE 

1 / ON THE CL9BERZAND PLATEAU, TEKNESSEE- 

2 1 Ronald L. Nay and John C, Rennie- 

Abstract.--Contaizierized white pine seedlings grown with 
various pkotoperiod and carbon dioxide treatments were out- 
planted on the Cumberland Plateau. Southeast and northerly 
aspects were mechanically site prepared before outplanting. 
Survival of all containerized seedlings was better than 2-0 
bareroot seedlings after the first year, but the 24-hour 
photoperiodlenriched C02 seedlings joined the 2-0 seedlings 
with poor survival after the second year. Seedlings grown 
with the continuous light in the greenhouse were taller after 
the second year but those grown with C02 supplements in the 
greenhouse had significantly less height after two growing 
seasons. The better containerized seedlings were growing in 
height at a more rapid rate than 2-0 seedlings after the 
second year, although the latter remained significantly 
taller. 

INTRODUCTION 

Containerization of forest tree seedlings in 
the South has gained importance and acceptance 
recently. Southern tree species and container- 
ized culture techniques were discussed at a re- 
cent symposium (Guldin and Barnett 1982). Major 
commitments to containerized culture of both pine 
and hardwoods have been made by some states, for 
example, North Carolina (Goodwin et al. 1982), 
Guldin (1982) has compared production costs 
between various containerized systems and bare- 
root nursery stock. 

Containerized seedlings have been outplanted 
in forestry operations on a variety of sites. 
Some managers use them as a regular part of their 
regeneration program (Nahn and Rutchison 1978), 
while others emphasize containerized seedlings on 
problem sites such as strip mine reclamation 
sites (Hay and Woods 1980), borrow pit soils 
(Ruehle 1980), and extremely wet soils (Abbott 
1982). Containerized seedlings have become an 
integral part of forest regeneration practices 
in North America. 

Containerized culture of white pine (Pinus 
strobus L) seedlings in East Tennessee was jus- 
tified by the need for production of predictable 
quantities of viable seedlings that frequently 
was unattainable from bareroot nurseries due to 
production problems associated with this species 
in a warm climate. The demand for quality white 
pine seedlings in Tennessee has frequently ex- 
ceeded the supply. Much of our preliminary work 
involved greenhouse culture treatments designed 
to stimulate seedling growth preparation for out- 
planting. Various container sizes, media formu- 
lations, fertilizer regimes, light and carbon 
dioxide (CO2) supplements, and length of green- 
house culture were tried (Nay 1981). Some of 
the seedlings were outplanted on the Cumberland 
Plateau following clearcutting and mechanical 
site preparation on Pickett State Forest, Pickett 
County, Tennessee (Way and Keegan 1982). It is 
our purpose to report seedling survival and 
height growth relationship for the first two 
growing seasons. 

CONTAINERIZED SEEDLIXG PERFOWNCE 

Survival 
If Paper presented at Southern Silvi- 

cultu&l Research Conference, Atlanta, Georgia, 
November 4-5, 1982. 

2/ The authors are Associate Professors, 
~e~arFaent of Forestry, Wildf if e ,  and Fisheries , 
The University of Tennessee, P. 0.  Box 1071, 
Knoxville, TN 37302-1071, 

Cultural treatments and survival of seed- 
lings that were outplanted on Pickett State 
Forest in 1980 were as follows: 



Cultural Survival 
Treatment Year 1 Year 2 

2-0 bareroot 1- I 79.2 b-- 77.3 b 
nursery seedlings 

7-month containerized 
seedlings 

1. natural photoperiod 89.2 a 85.3 ab 
ambient C02 

2. natural photoperiod 88.0 ab 86.3 ab 
enriched C02 

3. 24-hour photoperiod 83.6 ab 80.7 ab 
ambient C02 

4. 24-hour photoperiod 82.0 ab 77.3 b 
enriched C02 

1/ Mean groupings were at the 0.05 proba- 
bility level as determined by Duncan's mu1 t iple 
range test. 

The 2-0 bareroot seedlings were outplanted in 
March as dormant stock; the containerized seedlings 
were outplanted in Hay after frost damage was 
unlikely. The 2-0 seedlings had the poorest sur- 
vival of all treatments, perhaps unacceptable low 
for stand establishment; most of the mortality 
occurred during the first year. The shock of out- 
planting, combined with a severe 1980 drought, 
significantly (a = -05) reduced survival. By the 
beginning of the second growing season most sur- 
viving bareroot stock was well-established, for 
there was only a slight reduction in numbers that 
year. However, these seedlings still had the 
poorest survival of all the treatments. 

All containerized seedlings survived the 
first year equally well (a = .05). Seedlings 
grown under natural photoperiod tended to survive 
better than seedlings grown under continuous light. 
This trend continued through the second year as 
well. Perhaps the extensive drought of 1980 im- 
pacted survival of the 24-hour photoperiod seed- 
lings more than it did the natural photoperiod 
seedlings. During the second year, enough of the 
24-hour photoperiodlenriched C02 seedlings had 
died to rank with the 2-0 bareroot seedlings. 
The natural photoperiod seedlings continued to 
have the highest survival, although the position 
of the C02 treatments was reversed. After two 
growing seasons most of the containerized treat- 
ments had established successful plantations. 

In 1982, two additional plantations were 
established using 7 and 10 month old containerized 
seedlings. Mortality in these plantations caused 
concern. In the Pickett State Forest plantation, 
reasonable care was taken during planting to main- 
tain the integrity of the rootimedia plug; except 

for considerable damage randomly inflicted by 
rabbits, mortality due to outplanting shock or 
greenhouse treatments appeared to be negligible 
through the middle of the growing season (final 
data have not been collected). In the Highland 
Rim plantation (Franklin County, Tennessee), the 
seedlings were planted by personnel other than 
our own. In spite of repeated instruction on 
techniques and the need to use great care, the 
rooting medium was frequently separated from the 
roots as the seedlings were wrecklessly dropped 
into the dibble hole. Mortality was high and it 
seemed correlated more with who planted the seed- 
lings rather than greenhouse cultural treatments. 
White pine rootlmedia plugs at 7 or 10 months of 
age were not sufficient to withstand rigorous 
handling during outplanting. 

Deer Browse Damage 

The deer herd on Pickett State Forest has 
been sufficiently large to periodically impact 
stand regeneration. The 1980 plantations ex- 
perienced some deer browse damage during each of 
the first two growing seasons. Because site 
preparation had been effective in minimizing 
impact from competing vegetation (Keegan 1981), 
most white pine seedlings were exposed enough to 
be available for potential deer browse. 

The 1980 outplantings were made on two sites 
in proximity to each other. Site 1, a southeast- 
erly slope, had been sheared before planting. 
Deer browse was not a problem on Site 1, in spite 
of the nearly complete exposure of the seedlings 
due to lack of competing vegetation. Site 2, a 
northern aspect, had been prepared by removing 
logging slash with a dozer, but the soil was not 
scarified appreciably. Stumps were still in 
place, and hardwood sprouts were common. Deer 
browse damage to the white pine seedlings on Site 
2 was quite heavy, significantly (a = .05) more 
so than on Site I. 

During the third growing season, deer browse 
damage to the seedlings had not been renewed 
through August. The amount of competing vegeta- 
tion in the stands had increased appreciably pro- 
viding considerable angiosperm browse and making 
the pine seedlings less conspicuous. 

In spite of the frequent deer browse on Site 
2, there was no preference for an individual cul- 
tural treatment (a = .05). All seedlings were 
apparently acceptable food, and the browse damage 
occurrence was a random selection by the animals. 
For purposes of height growth comparisons seed- 
lings that had been browse damaged were not conn 
sidered. 

Seedling Growth Relationships 

Height Growth 

Analysis of variance on the first year 



heights showed the 2-0 bareroot seedlings to be 
significantly taller (a = .05) than any of the 
other treatments; this was not unexpected con- 
sidering their initial size. There were no sig- 
nificant differences among first year heights of 
greenhouse culture treatments; Duncan's multiple 
range test ranked the natural photoperiodlambient 
C02 treatment i n  the same group as the 24-hour 
photoperiodlenriched C02 treatment. Based on this 
information, the additional expenses of electric- 
ity for the lights and propane for the C02 gene- 
rator did not produce additional growth benefits. 

After the second growing season, the 2-0 
bareroot seedlings remained significantly (a= -01) 
taller than all the containerized seedlings. This 
trend will undoubtedly continue for several years, 
but the better containerized treatments grew pro- 
portionally faster than the 2-0 seedlings, thereby 
reducing the total difference in height. At some 
point in time, the containerized seedlings and 
2-0 bareroot seedlings will likely approach the 
same total height, probably before the period of 
rapid height growth ceases and perhaps as early 
as the large sapling stage. 

Photoperiod effects.--During the second grow- 
ing season the effects of 24-hour photoperiod and 
enriched C02  atmospheres in the greenhouse culture 
phase had significant (a = .05) impacts on seed- 
ling height growth. Those seedlings that had been 
grown with 24-hour photoperiod were significantly 
taller than those grown with natural photoperiod 
while the enriched C02 atmosphere depressed height 
grow the 

Natural 24-Hour 
Photoperiod Photoperiod Mean 

cm - cm - cm - 
ambient CO 21.8 22.8 1 / 

2 
22.3 

enriched C02 18.9 21.8 20.4 

mean I / 20.4- 22.3 

1/ Heans were significantly different at the 
.05 pGobability level. 

After the first growing season in the field, 
there were no significant differences in seedling 
height among the containerized seedlings. It was 
apparent, however, that the 24-hour photoperiod 
in the presence of supplemental C02 benefited 
seedling height compared to natural photoperiod in 
the same C02 atmosphere. This trend continued 
through year two. The growth benefits of contin- 
uous light were sufficient to balance the growth 
depression of supplemental 60 . f"laximm increased 
growth was evident in the 24-iour photoperiod/ 
ambient C02 treatment. 

In the greenhouse culture phase of this work, 
there was no impact on height growth through age 
seven months due to different photoperiod treat- 
ments (Hay and Keegan 1982). However, there was 
a significant increase in biomass of both tops 
and roots due to the 24-hour photoperiod treat- 
ments. The impact of the increased biomass during 
greenhouse culture upon seedling growth in the 
field may have been delayed until the second year. 
The first year had a prolonged, severe drought 
during most of the sumer and seedling establish- 
ment was difficult. Weather during the second 
year was more average and seedling growth may have 
been a more realistic reflection of greenhouse 
culture treatments. Subsequent measurements will 
have to be made to confirm these trends, plus 
additional outplantings will be established to 
provide more information. 

CO effects.--Seedlings that had been grown -2 
in a C02 enriched atmosphere during greenhouse 
culture were significantly (a = .05) shorter than 
seedlings grown in ambient CO concentrations, 
both at seven months (Hay 198f) and after two 
years in the field. The same trend was apparent 
after the first year in the field but the heights 
were not significantly different. Seedling height 
growth in the C02 enriched treatment increased 
slightly when the photoperiod was increased to 24 
hours. However, seedling height attained after 
two years in the field for the expensive contin- 
uous light and C02 enrichment treatments was the 
same height attained by seedlings grown in ambient 
602 concentration with Just enough light inter- 
ruptions of the dark phase to prevent bud-set and 
dormancy. 

These results do not seem consistent with 
the role of the C02 in photosynthesis and carbo- 
hydrate accumulation, and the increased growth 
potential made possible through both processes. 
However, the effects of C02 as used during the 
greenhouse culture phase have been consistent 
throughout the period of this experiment. At no 
time did the seedlings show the symptoms of C02 
toxicity, but it was possible that excessive C02 
or impurities in the propane could have had harm- 
ful effects on the seedlings. The foliage main- 
tained healthy, blue-green color and had good 
secondary leaf development. In fact, the seed- 
lings with the best appearance at 7 months of age 
were the 24-hour photoperiodlenriched C02 treat- 
ment seedlings. Those grown without continuous 
light were not very robust in appearance. 

There has been no evidence, based on this 
work, to warrant the use and expense of a C02 
generator, at least according to the conditions 
available to us, Enriching the atmosphere with 
GO2 had a negative impact on growth through the 
second growing season in the field. 



S i t e  effects.--White p i n e  p r e f e r s  c o o l ,  
moist  sites and i t  is  most comon i n  d ra inages  
o r  a long  n o r t h e r n  a s p e c t s  on t h e  Cumberland 
P la teau .  It h a s  been p l a n t e d  s u c c e s s f u l l y  i n  t h e  
p a s t ,  however, on a  v a r i e t y  o f  s i t e s .  Some of  
t h e  o l d e r  p l a n t a t i o n s  on P i c k e t t  S t a t e  F o r e s t  
have r e c e n t l y  been th inned  f o r  s m a l l  sawlogs. 
The r e s i d u a l  t r e e s  a r e  impress ive .  

Our s e e d l i n g s  were o u t p l a n t e d  on two s i t e s  
a t  P i c k e t t  S t a t e  F o r e s t .  S i t e  I was a  20 percen t  
s l o p e ,  s o u t h e a s t  a s p e c t  t h a t  had been sheared ,  
removing stumps, s l a s h ,  and some s o i l ,  i n c l u d i n g  
most of t h e  un incorpora ted  o r g a n i c  m a t t e r .  S i t e  
2 was a  30 p e r c e n t  s l o p e  on a n o r t h e r n  a s p e c t .  
Logging s l a s h  had been pushed from t h e  s i t e  by 
a  dozer ,  b u t  t h e r e  was no a t tempt  t o  remove 
stumps and t h e  s o i l  was n o t  apprec iab ly  s c a r i f i e d .  
S o i l  a n a l y s e s  showed t h a t  t h e  minera l  s o i l  on 
bo th  si tes contained s i m i l a r  l e v e l s  of t h e  impor- 
t a n t  n u t r i e n t s .  

The amount of competing v e g e t a t i o n  t h a t  
occurred on both s i t e s  through J u l y  of  t h e  second 
growing season  d i d  n o t  impact w h i t e  p i n e  s e e d l i n g  
growth (Keegan 1981). However, competing vegeta-  
t i o n  was more abundant on S i t e  2, p r i n c i p a l l y  
s p r o u t s  and v ines .  Herbaceous s p e c i e s  were w e l l  
r e p r e s e n t e d  on bo th  sites comprising most of t h e  
competing v e g e t a t i o n  on S i t e  1 through t h e  second 
growing season.  

Sprouts  on S i t e  2 c o n s t i t u t e d  a  v igorous  
s t a n d  by l a t e  summer of  t h e  t h i r d  growing season.  
Although sampling was n o t  done according t o  t h e  
des ign  used prev ious ly  (Keegan 1981),  i t  was 
apparen t  t h a t  t h e  w h i t e  p i n e  s e e d l i n g s  were ex- 
p e r i e n c i n g  cons iderab le  crowding from t h e  s p r o u t s .  
Herbaceous v e g e t a t i o n  on S i t e  2 was l e s s  prominent 
than dur ing  t h e  f i r s t  two y e a r s  being outgrown by 
s p r o u t s  and t h e  p ine  s e e d l i n g s .  Some of t h e  hard- 
wood s p r o u t s  have t h e  p o t e n t i a l  t o  grow i n t o  t h e  
o v e r s t o r y  w i t h  t h e  w h i t e  p i n e  b u t  most of them 
w i l l  e i t h e r  be unders to ry  shrubs  o r  smal l  t r e e s  
a t  matur i ty .  The i r  e f f e c t  w i l l  become i n s i g n i f i -  
c a n t  when t h e  p i n e  canopy c l o s e s .  

On S i t e  1, s p r o u t s  remained i n f r e q u e n t  i n t o  
t h e  t h i r d  growing season and herbaceous p l a n t s  
cont inued t o  dominate. Numerous V i r g i n i a  p i n e  
(Pinus v i r g i n i a n a  L) w i l d l i n g s  were i n t e r s p e r s e d  
throughout  t h e  p l a n t a t i o n  and some of them may 
compete w i t h  t h e  whi te  p i n e  f o r  a  per iod  a f t e r  
t h e  canopy c l o s e s .  

I n  response t o  i t s  p r e f e r e n c e  f o r  a  n o r t h e r n  
a s p e c t ,  w h i t e  p i n e  grew b e t t e r  on S i t e  2 ,  a t  l e a s t  
i n  p a r t  because s i t e  p r e p a r a t i o n  r e t a i n e d  most o f  
t h e  unincorporated o r g a n i c  m a t t e r  on t h e  s i t e .  
These s o i l s  have always been marg ina l ly  p roduc t ive  
and t h e r e  h a s  been a  long h i s t o r y  of abuse through 
w i l d f i r e  and high-grading. Enhancing s o i l  f e r t i l -  
i t y  and mois ture  a v a i l a b i l i t y  by main ta in ing  t h e  
o r g a n i c  m a t t e r  b e n e f i t e d  s e e d l i n g  growth. It was 
u n f o r t u n a t e  t h a t  t h e  s o u t h e r l y  a s p e c t  ( S i t e  1 )  

was sheared t o  t h e  minera l  s o i l  because t h e  un- 
d e s i r a b l e  e f f e c t s  of low s o i l  f e r t i l i t y  and low 
a v a i l a b l e  s o i l  wa te r  were compounded. 

Height Growth Pa t  t e r n s  

When t h e s e  s e e d l i n g s  were taken from t h e  
greenhouse t o  t h e  f i e l d  a t  age  seven months, many 
of them had secondary l e a v e s  and t h e i r  t e r m i n a l  
buds were a c t i v e l y  e longa t ing .  b r i n g  t h e  f i r s t  
growing season some s e e d l i n g s  produced consider-  
a b l e  h e i g h t  growth and t h e  new t i s s u e  supported 
primary l e a v e s .  This b u r s t  of s t e m  e l o n g a t i o n  
was n o t  f u r t h e r  growth of t h e  same t i s s u e  t h a t  
was being produced i n  t h e  greenhouse, r a t h e r  Ju- 
v e n i l e  c h a r a c t e r i s t i c s  dominated ( f i g .  1). I n i -  
t i a l l y  t h e  sudden change from 24-hour photoperiod 

F igure  1.--l;lhite p i n e  s e e d l i n g  growth form w i t h  
buds a t  t h e  l e a f  a x i l s  p rov id ing  t h e  new t i s s u e  
whi le  t h e  t e r m i n a l  bud remained dormant. Note 
t h e  primary l e a v e s ,  i n d i c a t i v e  of j u v e n i l e  
c h a r a c t e r i s t i c s .  



to natural photoperiod when the seedlings were 
moved to lath shade was thought to have caused 
partial dormancy of terminal buds, followed by 
a reversal to juvenile tissue production when 
growth resumed. Careful examination revealed 
that it was not the terminal bud that had pro- 
duced the burst of height growth. A secondary 
bud that formed at one of the secondary leaf 
axils produced the stem tissue complete with pri- 
mary leaves. Occasionally, multiple leaders were 
produced, individually in each of several leaf 
axils without any particular one gaining domi- 
nance. The terminal bud on the main stem was 
always present and dormant. 

The original terminal bud was usually well- 
formed and appeared to be ready for growth in 
1983. It was not apparent at the time the seed- 
ling in figure 1 was photographed whether the 
terminal bud had elongated normally during the 
growing season or whether it had gone dormant 
soon after outplanting. 

It is not yet possible to correlate this 
growth form to any particular greenhouse treat- 
ment or age of the containerized seedling at out- 
planting. The 1982 seedlings were either 10 or 
8 months of age having been seeded in August or 
October, 1981. They were outplanted in May while 
actively growing without ever having been dormant. 
Seedlings in an unrelated test were allowed to 
overwinter outside before being outplanted as dor- 
mant stock in April, 1982. These seedlings were 
approximately 12 months of age at outplanting and 
the terminal bud maintained strong dominance dur- 
ing the 1982 growing season. 

DISCUSSION 

Although the 2-0 seedlings were still signifi- 
cantly taller, the differences were decreasing 
yearly because the containerized seedlings were 
growing more rapidly. Soon the heights will be- 
come equal; certainly the mature stand will show 
no differences. 

Site Preparation 

Site preparation in these small clearcuts 
was adequate. However, shearing was not neces- 
sary and it was actually harmful because so much 
of the organic matter was removed from Site 1. 
Slash removal on Site 2 was helpful for the plant- 
ing operation but there was little benefit to the 
white pine seedlings since there was no attempt 
to minimize sprouting. Heavy disking may have 
been more appropriate for the seedlings because 
the mineral soil would have been scarified and 
some sprouting would have been discouraged. Also 
the organic matter would have been mixed with 
mineral soil. Site preparation that incorporated 
the best part of slash removal with mixing the 
organic matter and the mineral soil would be best 
for similar sites on the Cumberland Plateau. 

Prescribed burning for site preparation was 
not a part of this experiment, but fire has cer- 
tainly been no stranger to the Cumberland Plateau. 
Past wildfires have been one of the major sources 
of site and stem degradation. Plateau soils are 
shallow sands overlying bedrock and they are mar- 
ginally productive. Where topography is so steep 
that surface flow during a rain storm would erode 
nutrients released by combustion, prescribed burn- 
ing would not be good management. On suitable 
sites, prescribed burning followed by heavy disk- 
ing would adequately prepare the site for out- 
planting while providing released nutrients for 
good seedling growth. 

Some Silvicultural Considerations 
The RootfMedia Plug 

Seedling Growth 

Although the containerized seedlings were 
initially quite small compared to the 2-0 bareroot 
nursery stock, they have shown good performance 
since outplanting on the Cumberland Plateau. One 
greenhouse culture treatment survived signifi- 
cantly better than the 2-0 bareroot seedlings. 
Much care was exercised in planting all these 
trees, at least in part due to their experimental 
purposes. Perhaps the containerized seedlings 
would not have survived so well if these seedlings 
had been assigned to commercial planting crews. 
Destruction of the rootlmedia plug on a container- 
ized seedling would significantly increase mor- 
tality. 

The height growth rate of the 2-0 bareroot 
seedlings was less than the height growth rate of 
the containerized seedlings. The 2-0 seedlings 
increased in height 117 percent during the second 
year while the best containerized treatment seed- 
lings increased in height by 165 percent. 

One of our greatest concerns in this work 
has been identifying the combination of container 
size, rooting medium, and greenhouse culture 
techniques that will provide seedlings capable of 
surviving outplanting and growing rapidly on a 
variety of sites. Although we have reported on 
survival and height growth here, there is still 
much to be accomplished in developing a root/ 
media plug strong enough to withstand handling 
by more careless workers. 

The seedlings used in this experiment were 
grown in a peat-sand-pine bark mix and root 
development was not sufficient to hold the plug 
together (Hay and Keegan 1982). If extreme care 
had not been used in outplanting, survival would 
have been quite low. The seedlings were not 
satisfactory for commercial use. 

In subsequent greenhouse work various other 
media have been used, ranging from peat-vermicu- 
lite (50-50) to pine bark-vermiculite (85-15). 



At 8 and 10 months of age, white pine roots had 
not adequately secured the rootlmedia plug to 
withstand careless handling, but the peat-vermi- 
culite mix was best. Future work has been 
planned to help solve this problem and the most 
promising idea may well be to lengthen the time 
in greenhouse culture, taking 12 to 15 month old 
stock to the field. 

Seedlings started in the greenhouse during 
early January would have growing time equivalent 
to two seasons in the nursery by September, es- 
pecially if extended photoperiods were used. 
These seedlings could then be outplanted if the 
rootlmedia plug was acceptable and if frost heav- 
ing would not be a problem. Another alternative 
would be to place them in a shade house, seated 
in woodshavings and sawdust, for the winter. They 
%could be outplanted as dormant stock during late 
winter or after growth was initiated in the spring, 
thereby increasing operational flexibility. 
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FIRST YEAR SURVIVAL AMD GROmH OF CONTAIWRIZED PINE (PINUS SPP.) 

SEEDLINGS ON STRIP MINED LmTDS AS MFECTED BY 

1 / CULTURAL TREATmNTS AKD EDAPWIC FACTORS- 

2 / Stephen H. Schoenholtz and James A. B u r g e r  

Abstract.--The e f f e c t s  of c u l t u r a l  t reatments  inc lud ing  
ectomycorrhizal inocu la t ion ,  chemical weed c o n t r o l ,  and slow- 
r e l e a s e  f e r t i l i z a t i o n  on f i r s t  year  s u r v i v a l  and growth of 
of con ta iner ized  P. s t r o b u s ,  P. v i r g i n i a n a ,  and P. t aeda  
seed l ings  p lan ted  on a return-to-contour and a f l a t  bench 
s t r i p  mine s i t e  i n  southwestern Vi rg in ia  were s tud ied .  F i r s t  
year  s u r v i v a l  was no t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  c u l t u r a l  
t reatments  o r  s i t e  f a c t o r s ;  however, mycorrhizal inocu la t ion ,  
f e r t i l i z a t i o n ,  and weed c o n t r o l  improved growth of a l l  t h r e e  
spec ies .  A combination of f e r t i l i z e r  and chemical weed con- 
t r o l  had an a d d i t i v e  e f f e c t .  These t h r e e  c u l t u r a l  t reatments  
could be used t o  improve seed l ing  growth on reclaimed s t r i p  
mine s i t e s .  

INTRODUCTION 

Much of t h e  coa l  producing region of south- 
western Vi rg in ia  has been o r  w i l l  be s t r i p  mined 
f o r  bituminous coa l .  Once t h e  coa l  has  been 
e x t r a c t e d  from t h e s e  a r e a s ,  they a r e  o f t e n  l e f t  i n  
an unproductive s t a t e .  There i s  a chal lange t o  
r e t u r n  these  d i s tu rbed  coa l  s p o i l s  i n t o  product ive 
land f o r  a g r i c u l t u r e ,  w i l d l i f e ,  water  management, 
and r e c r e a t i o n .  On many of t h e s e  d i s tu rbed  s i t e s ,  
r e f o r e s t a t i o n  i s  a j u s t i f i a b l e  a l t e r n a t i v e  f o r  
reclamation. 

I n  t h e  p a s t  f i f t y  years  most research  has 
focused on s p e c i e s '  a d a p t a b i l i t y  f o r  revege ta t ion  
and s t a b i l i z a t i o n  of s t r i p  mines. I n  genera l ,  
p ines  (Pinus spp.) have proven t o  be s u i t a b l e  
because of t h e i r  a b i l i t y  t o  surv ive  and grow i n  
harsh s o i l  environments. 

Much of t h e  progress  i n  developing c u l t u r a l  
p r a c t i c e s  f o r  t r e e  establ ishment  has been more 
recen t .  Some of t h e  f i r s t  observat ions and s t u d i e s  

I /  Paper presented a t  t h e  Southern S i l v i c u l -  
turalConf erence,  November 4-5, 1982, At lan ta ,  
Georgia. Research supported by t h e  Penn Vi rg in ia  
Resources Corporation. 

2 1  Graduate Research A s s i s t a n t  and Ass i s tan t  
~ r o f e s s o r  , r e s p e c t i v e l y ,  Department of Fores t ry ,  
Vi rg in ia  Polytechnic I n s t i t u t e  and S t a t e  Universi ty ,  
Blacksburg, Vi rg in ia ,  

of ectomycorrhizae on sur face  mine s p o i l s  were 
reported by S c h r a m  (1966). H e  concluded t h a t  
e a r l y  ectomycorrhizal development with P l s o l i t h u s  
t i n c t o r i u s  (Pers . ) .  Coker and Couch (P . t . )  was 
v i t a l  f o r  seed l ing  establ ishment  of s e v e r a l  t r e e  
spec ies  on s p o i l s  i n  Pennsylvania, Since SchraLmrs  
work, numerous o ther  r e p o r t s  support ing t h e s e  
o r i g i n a l  f ind ings  have been published (Berry 1982; 
Ruehle 1980; Walker, e t  a l .  1980; Marx and 
Artman 1979; Berry and Marx 1978; Marx and 
Barnet t  1974; Marx and Bryan 1971; and Marx ek 
a l .  1970). - 

The primary concern f o r  revege ta t ing  s t r i p  
mined lands i s  t o  c o n t r o l  erosion.  Herbaceous 
p l a n t s  have been used success fu l ly  t o  aecompLIsh 
t h i s  goal .  Trees grow too slowly and have low 
stocking d e n s i t i e s  which do no t  provide adequate 
cover f o r  e ros ion  cont ro l .  Xays and Bengston 
(1978) suggested t h a t  t r e e  spec ies  could be planted 
s e v e r a l  months a f t e r  an herbaceous ground cover 
was e s t a b l i s h e d  t o  c o n t r o l  erosion.  Herbaceous 
vege ta t ion ,  however, tends t o  compete w Z t h  de s i r ab l e  
t r e e  seed l ings  f o r  s o i l  water ,  s o i l  n u t r i e n t s ,  and 
l i g h t  (Klingsman and Ashton 1975). Herbaceous 
p l a n t s  a l s o  have been shown t o  have an a i l e l o p a c h i c  
e f f e c t  on t r e e  seed l ings .  

When herbaceous vege ta t ion  competes s i g n i f i -  
can t ly  wi th  t r e e  seed l ings ,  t h e  competing v e g e t a t i o n  
can be c o n t r o l l e d  t o  r e l e a s e  l imi ted  s i t e  resources ,  
Tnere have been numerous r e p o r t s  descr ib ing  s i g n i -  
f i c a n t  responses i n  pine growth t o  chemical weed 
c o n t r o l  during t h e  f i r s t  few years  of p l a n t a t i o n  



establ ishment  (Baines 1978; Nelson sr;l. 1981a, 
198Lb), However, very Limited information i s  
a v a i l a b l e  on t h e  e f f e c t s  of weed c o n t r o l  on sur face  
mine r e f o r e s t a t i o n  i n  the South, I n  a d d i t i o n ,  the  
i n t e r a c t i m s  between herb ic ides  and ectomyeorrhizae 
have received l i m i t e d  s tudy (Smith and Ferry 1919; 
and Kelley and South, 1980). 

The effectiveness of fertilizer a p p l i c a t i o n s  
i n  promoting s u r v i v a l  and growth of Cree spec ies  
depends, i n  part, on the ex ten t  of herbaceous 
competi t ion on t h e  s i t e ,  Weed competition can be 
g r e a t l y  s t i m l a t e d  by a p p l i c a t i o n s  of s o l u b l e  
f e r t i l i z e r s  and o v e r f e r t i l i z a t i o n  may r e s u l t  in 
overtopping of t r e e  seed l ings  by excessive develop- 
ment of herbaceous cover (Mays and Bengtson 1978).  

I " i p  sand Bengtson (1978) i n d i c a t e d  t h a t  s t r i p  
mine s p o i l s  may be h igh ly  porous, low i n  c a t i o n  
exchange capac i ty ,  and o f t e n  lack ing  much of t h e  
f e r t i l i z e r  r e t e n t i o n  capac i ty  of normal s o i l s .  
Conventional f e r t i l i z e r  sources may leach r a p i d l y  
through these  d i s tu rbed  s o i l s .  Slow-release 
f e r t i l i z e r  t a b l e t s ,  however, o f f e r  a  p o t e n t i a l  
s o l u t i o n  t o  t h i s  problem. % & l e t s  placed adjacent  
t o  seed l ing  r o o t s  provide rnaxllrnum b e n e f i t  f o r  the  
seed l ing  whi le  minimizing the e f f e c t  on competing 
weeds. 

The purpose of this s t u d y  was t o  eva lua te  the  
e f f e c t s  of ectomycorrhiaal inocu la t ion ,  chemical 
weed c o n t r o l ,  and slow-release f e r t i l i z a t i o n  on 
first gear survival  and growth of white  (P. 

~ i l c )  and 
IobloLly (x. taeda L a )  pines on t w o  s t r i p  rained 
s i t es  i n  southwestern Vi rg in ia ,  

Study S i t e s  

The t w o  study sites a r e  loca ted  i n  Wise 
County, V i r g i n i a ,  1"icst surface mined s i t e s  i n  
t h i s  mountainous region of southwestem Virg in ia  
were Left  a s  f l a t  benches a f t e r  contour mining 
operations terminated. Federal regu la t ions  now 
r e q u i r e  opera tors  t o  r e t u r n  mining s i t e s  t o  
t h e i r  approximate o r i g i n a l  contour ,  which r e s u l t s  
i n  s i t e s  of relatively s t e e p  s lope.  F i r s t  year  
seed l ing  survival  and growth were evaluated on 
both types of s i t e .  

On t h e  fiat bench s i t e ,  t h r e e  r ep l i ca te  
blocks,  each with six 57 x 66 f t  (17.5 x 20.0 m) 
plots, were es~ablished on th-o ad jacen t  a r e a s  of 
s imi lar  reclamation h i s t o r i e s  and s i t e  condit ions.  
The bench s i t e  was mined in 1977 and 1978 and 
hydroseeded w i t h  a combination of Kentucky-31 
fescue (Festuca arundinacea Schreb,), red clover 

L . ) ,  ladino clover  ( T r i f o l i m  
annual. r7.e (Lolium mul t i f  lorurn 

alba L. ) i n  mixture 
with 345 Lb/acre (409 kgfha) of 36-27-14 f e r t i l i z e r  
and 833 g a l / a c r e  (9354 Litersj5aj of ~ o n w e a m l c h ,  

The return-to-contour s i t e  was mined i n  1979. 
It was hydroseeded wi th  a  combination of Kentucky-31 
fescue ,  red top ,  l ad ino  c lover ,  annual rye ,  and 
annual lespedeza ( cuneata (Dumont) G. 
Don) i n  mixture with 500 l b l a c r e  (560 kgfha) of 
10-20-20 f e r t i l i z e r  and 1500 l b l a c r e  (1681 kg/ha) 
of wood f i b e r  mulch. Three r e p l i c a t e  blocks,  each 
with s i x  57 x 66 f t  (17.5 x 20.0 m) p l o t s  w e r e  
e s t a b l i s h e d  on t h i s  s i t e ,  

A composite s o i l  sample made up of 15 s u b s q l e s  
was taken from each p l o t  f o r  s o i l  c h a r a c t e r i z a t i o n  
of t h e  s i t e s .  Percent  s lope  and s tanding herbaceous 
biomass were est imated f o r  each p l o t .  

P l o t  Design and Treatments 

The t h r e e  pine spec ies  (white ,  Vi rg in ia ,  and 
l o b l o l l y )  and two f e r t i l i z e r  t reatments  (21 gm 
slow-release ~ ~ r i f o r n $ 3  f e r t i l i z e r  t a b l e t s  and 
c o n t r o l )  were evaluated i n  f a c t o r i a l  combination, 
Two mycorrhizal t reatments  (P. t . - inoculated seed l ings  
and c o n t r o l  seed l ings)  and two weed cont ro l  t r e a t -  
ments (glyphosate a p p l i c a t i o n s  and cont ro l )  were 
imposed on these  combinations a s  s p l i t  p l o t s .  

P l o t s  were planted wi th  136 t r e e s  using a  
4 x 8 f t  (1.25 x 2.50 m) spacing. Each p l o t  was 
divided i n t o  f o u r  subplo t s  t o  accomodate t h e  
mycorrhizal and herb ic ide  t reatments .  

I n  January, 1981, white ,  Vi rg in ia ,  and l o b l o l  8 pine seeds were p lan ted  i n  Spencer-Lemaire H i l l s o n  
roo t  t r a i n e r s  containing a  1:l v /v  peat-vermicul i te  
mixture. One h a l f  of t h e  seed l ings  were inocula ted  
with P e t ,  a y c e l i a ,  which had been cu l tu red  fol lowing 
techniques of Marx and Bryan (1975). P r i o r  t o  
ou tp lan t ing  i n  June, 1981, 30 c o n t r o l  seed l ings  and 
30 inocula ted  seed l ings  of each spec ies  were 
d e s t r u c t i v e l y  sampled and inspec ted  f o r  t h e  presence 
of P e t .  o r  o t h e r  mycorrhizal fungi .  

A 21 gm AgriformQstar ter  t a b l e t  was placed i n  
t h e  s o i l  wi th in  4-6 i n  (10-15 cm) of each s e e d l i n g  
i n  18 of the  36 p l o t s  a t  t h e  time of p lan t ing .  The 
t a b l e t s  a r e  formulated t o  r e l e a s e  n u t r i e n t s  f o r  
two growing seasons. 

Glyphosate a t  a  r a t e  of 0 .5 q t / a c r e  (1.5 I /ha) 
was appl ied  t o  a  randomly s e l e c t e d  ha l f  of each 
p l o t  two weeks p r i o r  t o  p lan t ing  and again i n  
August t o  con t ro l  competing vege ta t ion .  Seedl ings 
were pro tec ted  by paper bags during t h e  second 
herb ic ide  app l ica t ion .  

Data Col lec t ion  

I n  Novenrber, 1981, s u r v i v a l ,  he igh t ,  and r o o t  
c o l l a r  diameter were measured. Needle samples from 
each t r e e  were c o l l e c t e d  and cornposited by t r e a t -  
ment conbinat ion.  The needle samples were analyzed 
f o r  P, R,  Ca, and Mg. I n  a d d i t i o n ,  twelve seed l ings  
i n  each p l o t  ( t h r e e  from each subplot)  were 



d e s t r u c t i v e l y  sampled t o  determine t h e  presence 
of ectomycorrhizae, 

S o i l  moisture was measured grav imet r ica l ly  
a t  i n t e r v a l s  from J u l y  through November. Weekly 
p r e c i p i t a t i o n  a t  both s tudy s i t e s  was compiled 
from June through Movember. 

RESULTS 

Of t h e  inocula ted  seed l ings ,  4  percent  of 
white ,  23 percent  of V i r g i n i a ,  and 26 percent  of 
l o b l o l l y  p ine  seed l ings  were colonized by P . t .  
p r i o r  t o  ou tp lan t ing .  No o t h e r  ectomycorrhizal 
fungi  were de tec ted  on t h e  inocula ted  seed l ings ,  
and no ectomycorrhizae of any type were observed 
on t h e  c o n t r o l  seed l ings .  

The s i t e  c h a r a c t e r i z a t i o n  d a t a  show t h r e e  
main d i f f e r e n c e s  between t h e  return-to-contour and 
t h e  f l a t  bench s i t e s  (Table 1 ) .  The return-to-  
contour s i t e  had g r e a t e r  s lope ,  a  s o i l  t e x t u r e  
dominated by s i l t  and c l a y ,  and c o n s i s t e n t l y  
higher  l e v e l s  of s o i l  n u t r i e n t s .  

Table 1.--Soil and s i t e  c h a r a c t e r i z a t i o n  of t h e  
return-to-contour and f l a t  bench s i t e s  used i n  
t h e  s t u d y . l /  

S i t e  
Return-to- F l a t  

S i t e  Parameter Contour Bench 

Slope (%) 
Biomass ( tons /acre )  
P a r t i c l e  S ize  
D i s t r i b u t i o n  (%) 

Coarse Fragments 
Sand 
S i l t  
Clay 

Bulk Density (g/cc)  
Organic Matter (%) 

pH 2/ 
P (ppm)j/ 
K (ppm)-- 
Ca (ppm) 
Mg ( P P ~ )  

-- 

Values a r e  t h e  means of measurements from 18 
p l o t s  a t  each s i t e .  

2/ Sodium bicarbonate e x t r a c t .  

Cation l e v e l s  a r e  f o r  annaonium a c e t a t e  e x t r a c t s .  

F i r s t - y e a r  s u r v i v a l  and growth of a l l  t h r e e  
pine s p e c i e s  were no t  s i g n i f i c a n t l y  d i f f e r e n t  
between t h e  two s i t es (Tab1e  2) .  Survival  and 
growth of white  and Vi rg in ia  p ines  were no t  
s i g n i f i c a n t l y  a f f e c t e d  by mycorrhizal inocu la t ion ,  

whereas inocula t ion  wi th  P . t .  d id  s i g n i f i c a n t l y  
i n c r e a s e  t h e  average volume of l o b l o l l y  pine.  
Inoculated l o b l o l l y  seed l ings  averaged 20 percent  
more volume than c o n t r o l  seed l ings .  Although 
i n s i g n i f i c a n t ,  t h e  favorab le  e f f e c t  of inocu la t ion  
i s  a l s o  shorn by increased volume means f o r  white  
p ine  and Vi rg in ia  pine. Inocula t ion  of these  two 
spec ies  increased  seed l ing  volume by 15 and 19 
percen t ,  r e s p e c t i v e l y .  

There was a  s y n e r g i s t i c  f e r t i l i z e r  x h e r b i c i d e  
i n t e r a c t i o n  which s i ~ i f i c a n t l y  a f f e c t e d  t h e  growth 
of a l l  t h r e e  p ine  spec ies  but  d id  no t  s i g n i f i c a n t l y  
in f luence  t h e i r  s u r v i v a l  (Table 3 ) .  F e r t i l i z e r  
a lone increased t h e  average white ,  Vi rg in ia ,  and 
l o b l o l l y  pine seed l ing  volumes by 10, 73, and 93 
percen t ,  r e s p e c t i v e l y ,  over herb ic ide  alone. 
However, t h e  combination of f e r t i l i z a t i o n  and 
herb ic ide  s i g n i f i c a n t l y  exceeded these  average 
volumes. White p ine  volume was increased by 62 
and 79 percen t ,  Vi rg in ia  p ine  by 149 and 330, and 
l o b l o l l y  pine by 109 and 317 percent  over f e r t i l i -  
z a t i o n  and h e r b i c i d e  alone,  respec t ive ly .  

The herb ic ide  t reatment  s i g n i f i c a n t l y  increased  
s o i l  moisture l e v e l s  on t h e  contoured s i t e  on f o u r  
of s i x  sampling d a t e s ,  J u l y  17, J u l y  24, August 5, 
and August 21 ( f i g .  1). By c o n t r a s t ,  the  s o i l  
moisture con ten ts  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  
only one of t h e  measured times on t h e  bench s i t e ,  
September 27 ( f i g .  2 ) .  

The percentage of white  and l o b l o l l y  pine seed- 
l i n g s  colonized by B.t.  was higher  on the  f l a t  bench 
s i t e ,  while  t h e  r e v e r s e  was t r u e  f o r  Vi rg in ia  p ine  
(Table 4) .  The number of seed l ings  colonized by 
o t h e r  fungi  was s i g n i f i c a n t l y  higher  on t h e  f l a t  bench 
s i t e  which r e s u l t e d  i n  s i g n i f i c a n t l y  higher  t o t a l  
co lon iza t ion  f o r  each spec ies  on t h e  bench s i t e .  

Inocula t ion  s i g n i f i c a n t l y  increased t h e  
percentage of Vi rg in ia  and l o b l o l l y  pines colonized 
with P e t .  P. t .  was a l s o  presen t  on some uninoculated 
seed l ings  of a l l  t h r e e  spec ies .  Although a sub- 
s t a n t i a l  amount of n a t u r a l  co lon iza t ion  occurred,  
t h e  t o t a l  number of t r e e s  colonized with e i t h e r  
P . t .  o r  o t h e r  ectomycorrhizal fungi  was s i g n i f i c a n t l y  
higher  f o r  inocu la ted  t r e e s .  

Chemical weed c o n t r o l  tended t o  enhance 
n a t u r a l  co lon iza t ion  r e s u l t i n g  i n  s i g n i f i c a n t l y  
higher  t o t a l  co lon iza t ion  of a l l  t h r e e  p ine  spec ies  
(Table 4 ) .  I n  c o n t r a s t ,  t h e  percentage of 

Vi rg in ia  and l o b l o l l y  seed l ings  colonized wi th  P . t .  
o r  with o t h e r  ectomycorrhizal spec ies  was somewhat 
i n h i b i t e d  by f e r t i l i z a t i o n .  F e r t i l i z e d  white  pines 
exh ib i ted  an oppos i te  t rend  (Table 4 ) .  

F o l i a r  P and K l e v e l s  i n  Vi rg in ia ,  and P l e v e l s  
i n  l o b l o l l y  p ine ,  were s i g n i f i c a n t l y  h igher  on t h e  
f l a t  bench s i t e  (Table 5) .  F o l i a r  Ca and Mg l e v e l s  
tended t o  be h igher  on t h e  return-to-contour 
s i t e ;  however, t h e  i n c r e a s e  was s i g n i f i c a n t  only 
f o r  Mg l e v e l s  i n  l o b l o l l y  pine.  One except ion t o  
t h i s  t rend  was t h e  s i g n i f i c a n t l y  higher  l e v e l  of 
white  p ine  f o l i a r  Ca on t h e  f l a t  bench s i t e .  



Table 2.--Effects of mining s i t e  and mycorrhizal t reatment  on f i r s t - y e a r  survival and 
growth of pine seed l ings  

S i t e  and Mycorrhizal White pine V i r g i n i a p i n e  L o b l o l l y p i n e  
T r e a t m n t s  Survival  Volumg' Survival  Volume Survival  Volume 

Mining S i t e  
Return-to-contour 94a 0 .  J3a 97a I. 18a 98a 1.81a 
F l a t  bench 92a 0.38a 9% 1,13a 93a 2.6Oa 

Mycorrhizal Inocula t ion  
Control 91a 0.33a 48a 1.05a 97% 2.  OOa 
Inoculated 94a 0.38a 37a 1.25a 98a 2.41b 

For each treatment  and spec ies ,  means wi th in  columns not  followed by the  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 he  0.05 l eve l .  

-!!I Volume = h t  x diam 
2 

Inoculated l o b l o l l y  pine seed l ings  had 
s i g n i f i c a n t l y  higher  f o l i a r  P l e v e l s  than uninocu- 
t ed  seed l ings ,  and inoculated white  pine seed l ings  
had s i g n i f i c a n t l y  increased l e v e l s  of K. Other 
f o l i a r  n u t r i e n t  l eve l s  f o r  t he  t h r ee  spec ies  were 
not  s i g n i f i c a n t l y  a f f ec t ed  by t he  ectomycorrhizal 
t reatment .  Concentrations f o r  a l l  of the  n u t r i e n t s  
analyzed were above def ic iency  thresholds f o r  both 
uninoculated and inoculated seedlings.  

The herb ic ide  t reatment  did not  s i g n i f i c m t l y  
a f f e c t  f o l i a r  nu t r i en t  l e v e l s ,  whereas f e r t i l i z e d  
seedl ings  had s i g n i f i c a n t l y  lower l eve l s  of Ca and 
Mg than u n f e r t i l i z e d  seedlings.  Nutr ient  concen- 
t r a t i o n s  were above def ic iency  thresholds f o r  both 
t reatments  and cont ro ls .  

DISCUSSION 

None of t he  c u l t u r a l  t reatments  on t he  two 
s i t e s  s i g n i f i c a n t l y  a f f ec t ed  pine seed l ing  sur- 
v iva l .  I n  f a c t ,  f i r s t  year  seed l ing  su rv iva l  f o r  
a l l  t h r ee  t reatments  on both s i t e s  was exce l l en t  
(Tables 2 and 3) .  Th i s  was probably due t o  
ample and wel l  d i s t r i b u t e d  r a i n f a l l  during the  
growing season ( f i g s .  1 and 2) .  

The bene f i t  of P.t. inocula t ion  i s  evident  
even though co loniza t ion  with o the r  na t i ve  
ectomycorrhizal fungi  occurred. Loblolly p ines ,  
which showed t he  most s u b s t a n t i a l  increase  i n  
seedl ing volume when inocula ted ,  had the  h ighes t  
percentage of seedl ings colonized with P a t .  
Berry (1982), Ruehle 119801, Walker t a l .  (19801, 
and Marx and Artman (1979) have reported s im i l a r  
growth improvement of P e t .  inoculated seed l ings  on 

Table 3.-iTffects of f e r t i l i z e r  x herb ic ide  i n t e r ac t i ons  on seedl ing  surv iva l  and 
growth .- 

F e r t i l i z e r  Weed Control White pine Vi rg in ia  pine LoblolIg pine 
Treatment Treatment Survival  ~ o l u m z '  Survival  Volume Survival  Volume 

Control Control 93a 0.29a 97a 0.46a 96a 0.74a 

Control Herbicide 95.3 0.29a 9 9a 11.59a 96a L.13a 

F e r t i l i z e d  Control 93a 0.32a 4 8a 1.02b 98a 2.25b 

Fer t i lLzed  Herbicide 9 la 0.526 97a 2,54c 99a 4 . 7 1 ~  

'/ Means wi th in  columns not  followed by the  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  the  0.05 l eve l .  

Volume - h t  x diam 
2 
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Figure 1.--Soil moisture and weekly p r e c i p i t a t i o n  
on t h e  return-to-contour s i t e .  

d i s tu rbed  s i t e s  i n  t h e  South. The r e l a t i o n s h i p  
between P . t .  co lon iza t ion  and increased  seed l ing  
growth i s  apparent f o r  a l l  t h r e e  spec ies  (Table 2) .  

Chemical weed c o n t r o l  d id  no t  s i g n i f i c a n t l y  
i n c r e a s e  seed l ing  growth except when i t  was used i n  
combination with f e r t i l i z a t i o n .  This may be 
a t t r i b u t e d  t o  t h e  r e g u l a r  and abundant p r e c i p i t a t i o n  
which occurred throughout the  growing season on 
both s i t e s .  The amount of a v a i l a b l e  moisture i s  
usua l ly  the  most important cons idera t ion  i n  evaluat-  
i n g  t h e  e f f e c t s  of v e g e t a t i v e  competition. Greaves 
e t  a l .  (1978) repor ted  t h a t  heavy s tands  of g rass  -- 
may d e p l e t e  moisture t o  t h e  po in t  where c o n i f e r  
seed l ings  must surv ive  f o r  s e v e r a l  months each year  
with minimum a v a i l a b l e  moisture.  

Seedl ing growth of a l l  t h r e e  p ine  spec ies  
was enhanced by f e r t i l i z a t i o n .  This agrees with 
t h e  r e s u l t s  of s t u d i e s  by Berry (1979) and Marx 
and Artman (1979) which showed t h e  b e n e f i c i a l  
e f f e c t s  of slow-release f e r t i l i z e r  t a b l e t s  on e a r l y  
l o b l o l l y  pine growth on d i s tu rbed  s i t e s .  When 
f e r t i l i z e r  and chemical weed c o n t r o l  were combined, 

DATE 

Figure 2.--Soil moisture and weekly p r e c i p i t a t i o n  
on t h e  f l a t  bench s i t e .  

the  most s u b s t a n t i a l  growth s t imula t ion  occurred. 
The slow-release f e r t i l i z e r  t a b l e t s  appear t o  be 
e f f e c t i v e  i n  providing seed l ings  with adequate 
n u t r i e n t s  and a t  t h e  same time no t  s t i m u l a t i n g  
unwanted herbaceous competition during t h e  i n i t i a l  
year  of pine seed l ing  establ ishment .  

The ectomycorrhizal  co lon iza t ion  d a t a  i n d i c a t e d  
t h a t  t h e  r e l a t i v e l y  high n a t u r a l  co lon iza t ion  of 
seed l ingson  t h e  bench s i t e  may he lp  account f o r  
t h e  l ack  of s u r v i v a l  and growth d i f f e r e n c e s  i n  
comparison t o  t h e  contour s i t e  which had more 
favorab le  s o i l  n u t r i e n t  l e v e l s .  The percentage of 
uninoculated and inocula ted  seed l ings  colonized 
with P . t .  increased by t h e  end of t h e  f i r s t  growing 
season i n d i c a t i n g  t h a t  P . t .  i s  probably one of 
the  n a t i v e  fungi  on these  two s i t e s .  Other 
ectomycorrhizal fungi  were not  evident  when s e e d l i n g  
r o o t  systems were examined p r i o r  t o  ou tp lan t ing .  

Chemical weed c o n t r o l  d i d  no t  a f f e c t  t h e  
number of t r e e s  colonized with P . t .  However, it 
did s t i m u l a t e  s u f f i c i e n t  co lon iza t ion  by o t h e r  
fungi  t o  r e s u l t  i n  a  s i g n i f i c a n t  increase  i n  t o t a l  



Table 4.--Effects of mining sites and cultural treatments on the percentage of trees 
colonized with mycorrhizal fung&/ 

Site and Cultural 
Treatments Species 

Trees 
Trees Colonized Trees Colonized 

Colonized with P . t .  With Other Species 

Mining Site 
Return-to-contour White pine 14a 1 a 
Flat bench 58b lob 
Return-to-contour Virginia pine 56, 22a 
Flat bench 79b 17b 
Return-to-contour Loblolly pine 60a 18a 
Flat bench 86b 25a 

Mycorrhizal Inoculation 
Control White pine 30a 1 a 
Inoculated 42b IOa 
Control Virginia pine 60a 8 a 
Inoculated 75b 3 1b 
Control Loblolly pine 67a 6a 
Inoculated 79b 38b 

Weed Control 
Control White pine 28a 7a 
Herbicide 44b 4 a 
Control Virginia pine 57a 22a 
Herbicide 78b 17a 
Control Loblolly pine 6 9a 21a 
Herbicide 76b 22.2 

Fertilizer 
Control White pine 33a 4a 
Fertilized 39b 7a 
Control Virginia pine 7 1 a 22a 
Fertilized 64a 17a 
Control Loblolly pine 75a 24a 
Fertilized 71a 19a 

I - For each treatment and species, means within columns not followed by the same 
letter are significantly different at the 0.05 level. 

1 / Table 5.--Effects of mining site on pine needle nutrient levels-. 

Species and Mining Site P M Ca ME: 

White pine 
Return-to-contour 0.16a 0.36a 0.4721 0.29~1 
Flat bench 0.16a 0.34a 0.53b 0.28a 

Virginia pine 
Return-to-contour 0 .  lla 0.42a 0.37a 0.24a 
Flat bench 0.16b 0.52b 0.35a 0,21a 

Loblolly pine 
Return-to-contour O.12a 0.50a 0.33a 0.20a 
Flat bench 0.18b 0.51a 0.32a 0.17b 

L' For each species, means within columns not followed by the same letter are signifi- 
cantly different at the 0.05 level. 



ectomycorrhizal colonization. Glyphosate may 
have stimulated the ectomycorrhizal fungi by 
changing the soil microbiological balance which 
resulted in more favorable conditions for coloni- 
zation. 

Fertilization did not have a significant 
inhibitory effect on ectomycorrhizal colonization 
for any of the pine species, Contrary to a study 
by PZarx et al. (1977), P.t. did improve growth 
of seedlings on fertilized plots. 

None of the cultural treatments had very 
striking effects on foliar nutrient levels. 
Nutrient levels for all three treatments were 
above deficiency threshold levels indicating that 
P, K, Ca, and Mg were not limiting to seedling 
growth. The stimulatory effect of fertilization 
suggests that M may be limiting. 

CONCLUSIONS 

Abundant precipitation throughout the initial 
growing season probably accounted for the excellent 
first-year survival for all treatments and all 
species. It may have also accounted for the 
insignificant effect of chemical weed control on 
first year seedling growth. 

Seedling growth was enhanced by P.t. inocula- 
tion, fertilization, and the fertilizer x herbicide 
interaction. Thus, the three cultural treatments 
were compatible in providing increased first-year 
growth for all three pine species. 
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CONTAINER-GROW PINE SEEDLINGS ENABLE EXTENDED PLAhlTING SEASON 

1 / ON SURFACE MINES I N  EAST TENNESSEE - 
2 / P e t e r  Noditz and Edward Buckner - 

Abstract.--Eight groups of con ta iner ized  l o b l o l l y  and 
Vi rg in ia  pine seed l ings  were grown i n  a  greenhouse using 
methods developed by t h e  North Carol ina Divis ion of Fores t ry .  
This enabled ou tp lan t ing  on s u r f a c e  mine s i t e s  a t  3-4 week 
i n t e r v a l s  from May through September. Survival  a f t e r  t h e  
f i r s t  summer was over  90% f o r  a l l  p l a n t i n g  d a t e s .  This  
i n d i c a t e s  t h a t  con ta iner ized  seed l ings  can be used t o  lengthen 
t h e  s h o r t  p l a n t i n g  season t y p i c a l  on s u r f a c e  mines. Because 
of high o v e r a l l  s u r v i v a l ,  t reatments  intended t o  improve 
s u r v i v a l  (mycorrhizal i n o c u l a t i o n  and d i sk ing)  had no s i g n i f i -  
can t  e f f e c t s .  

Poor growing condi t ions  f o r  t r e e  s e e d l i n g s  
are c h a r a c t e r i s t i c  of s u r f a c e  mines even when 
they have been reclaimed t o  condi t ions  t h a t  
meet reclamation requirements. Unfavorable 
condi t ions  f o r  seed l ing  s u r v i v a l  and growth 
inc lude  low pH, acid-induced t o x i c i t i e s ,  
n u t r i e n t  d e f i c i e n c i e s ,  s t o n i n e s s  and poor s o i l  
s t r u c t u r e .  

Frozen ground and seed l ing  l o s s e s  t o  f r o s t  
heaving genera l ly  r e s t r i c t  t h e  p lan t ing  season 
on s u r f a c e  mines i n  East  Tennessee t o  t h e  s h o r t  
per iod  from ground thaw i n  l a t e  win te r  t o  May 1. 
Wet, muddy condi t ions  dur ing  t h i s  per iod o f t e n  
make s u r f a c e  mines i n a c c e s s i b l e  o r  p lan t ing  
d i f f i c u l t ,  f u r t h e r  reducing t h e  leng th  of t h e  
p lan t ing  season e s p e c i a l l y  a t  higher  e leva t ions .  
These Limitat ions commonly r e s u l t  i n  f a i l u r e  t o  
complete t h e  t r e e  p lan t ing  program scheduled 
f o r  a season.  

Reclamation laws r e q u i r e  t h e  success fu l  
establ ishment  of t r e e s ,  t h e r e f o r e  p lan t ing  
delays and high seed l ing  m o r t a l i t y  can delay 

&'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 
4-5, 1982. 
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of Fores t ry ,  r e s p e c t i v e l y ,  i n  t h e  Department of 
Fores t ry ,  Wi ld l i fe  and F i s h e r i e s ,  The Univers i ty  
of Tennessee, Knoxville,  TN. 

bond r e l e a s e  f o r  s e v e r a l  y e a r s .  Although p ines  
a r e  p r e f e r r e d  on reclaimed s i t e s  because t h e i r  
evergreen h a b i t  o f f e r s  b e t t e r  year-around s i t e  
p r o t e c t i o n  and they y i e l d  s a l a b l e  products ,  high 
seed l ing  m o r t a l i t y  discourages t h e i r  use. Many 
opera tors  have r e s o r t e d  t o  p l a n t i n g  almost 
exc lus ive ly  black l o c u s t  (Robinia pseudoacacia L.) 
because compared t o  p ines  i t  i s  e a s i e r  t o  p l a n t  
and has h igher  s u r v i v a l .  Black l o c u s t  i s ,  
however, a  shor t - l ived  t r e e  t h a t  has  l i t t l e  
c o m e r c i a l  value and o f f e r s  l i t t l e  p ro tec t ion  t o  
sur face  mine s i t e s  during win te r  months, 

E f f o r t s  t o  extend t h e  p l a n t i n g  season i n t o  
l a t e  spr ing  and e a r l y  summer (when sur face  mines 
a r e  g e n e r a l l y  more a c c e s s i b l e )  have met with 
only l i m i t e d  success .  Woods, Hay and Irwin (1978) 
demonstrated t h a t  modi f ica t ion  of t h e  p lan t ing  
m i c r o s i t e  and the  use of con ta iner ized  pine 
seed l ings  enables  success fu l  t r e e  p lan t ing  a s  l a t e  
a s  mid-June on s u r f a c e  mine s i t e s  i n  t h i s  region.  
The high c o s t  of t h i s  opera t ion  makes t h i s  
p r a c t i c e  p r o h i b i t i v e .  

Other s t u d i e s  have shown t h a t  con ta iner ized  
p ine  seed l ings  can be s u c c e s s f u l l y  planted year- 
around (Barnet t  and McGilvray, 1981). In  North 
Carol ina a State-sponsored rksearch program on 
conta iner ized  p ine  seed l ings  has evolved i n t o  a  
product ion f a c i l i t y  t h a t  provides landowners wi th  
con ta iner ized  seed l ings  f o r  year-around p lan t ing .  
However, t h e s e  s t u d i e s  have n o t  been on adverse 
s i t e s  such a s  s u r f a c e  mines. Guldin (1982) claims 
t h a t  smal l ,  f a s t  grown (12-16 weeks) con ta iner ized  
pine seed l ings  of high q u a l i t y  can be produced a t  
a  c o s t  comparable to  t h a t  of bare-root seed l ings  
from n u r s e r i e s .  



I n  a p i l o t  s tudy  Buckner and Evan2'  p lan ted  
conta iner ized  s e e d l i n g s  on s u r f a c e  mines i n  East  
Tennessee as  l a t e  as t h e  f i r s t  week of J u l y  and 
achieved over  80% s u r v i v a l ,  They found t h a t  
where the p l a n t i n g  s i t u a t i o n  is d i f f i c u l t  and 
s u i t a b l e  times f o r  p l a n t i n g  a r e  unpred ic tab le ,  
con ta iner ized  s e e d l i n g s  can be  he ld  without  
damage f o r  several weeks u n t i l  p l a n t i n g  condi- 
t i o n s  a r e  most favorab le  t o  s u r v i v a l .  

In a d d i t i o n  t o  harsh  s i t e  condi t ions ,  seed- 
l i n g  s u r v i v a l  and growth on reclaimed s u r f a c e  
mines is f u r t h e r  reduced by t h e  requ i red  
e s t a b l i s h e n t  of g r a s s e s  and l e g m e s  s h o r t l y  
a f t e r  f i n a l  g rad ing ,  This  herbaceous m a t e r i a l  
competes wi th  p lan ted  s e e d l i n g s  comonly  causing 
high m o r t a l i t y  and reduced growth (Vogel, 1980). 
Seedl ing v i g o r  on s u r f a c e  mines i s  f u r t h e r  
reduced by t h e  absence of mycorrhizae-forming 
fungi ,  This symbiot ic  r e l a t i o n s h i p  is e s p e c i a l l y  
important  on poor s i t e s ,  Seedl ings from 
c o m e r c i a l  n u r s e r i e s  a r e  on ly  weakly mycorrhizal  
due t o  fumigat ion and h igh  f e r t i l i z a t i o n ,  Further-  
more, funga l  s p e c i e s  t h a t  may be presen t  a r e  
g e n e r a l l y  no t  t h e  ones b e s t  s u i t e d  f o r  poor s i t e s .  
Marx (1980) has shown t h a t  P i s o l i t h u s  t i n c t o r i u s ,  
a mycorrhizae-forming fungus on p i n e s ,  improves 
the s u r v i v a l  and growth of seed l ings  p lan ted  on 
poor s i t e s  such a s  s u r f a c e  mines. 

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  
t h e  use of smal l ,  f a s t - g r o w  conta iner ized  p i n e  
seedlings f o r  extending the  p l a n t i n g  season 
and improving s u r v i v a l  on s u r f a c e  mines over  
t ha t  g e n e r a l l y  ob ta ined  using bare-root s e e d l i n g s  
from a nursery ,  Mycorrhizal i n o c u l a t i o n  and 
d i sk ing  t o  cont r o l  herbaceous cornpet i t  i o n  were 
included as t e s t  v a r i a b l e s .  

METHODS 

Since  conta iner ized  s e e d l i n g s  a r e  n o t  
g e n e r a l l y  a v a i l a b l e  f o r  f o r e s t  p l a n t i n g  f o r  
t h i s  region,  t h e  i n i t i a l  phase of t h i s  s tudy  was 
t h e  growing of c o n t a i n e r i z e d  s e e d l i n g s  on a 
schedule t h a t  would produce "'hardened" s e e d l i n g s  
ready f o r  ou t -p lan t ing  a t  two-week i n t e r v a l s .  
LobloLly p ine  (Pinus taeda  E.) is  more widely 
p lan ted  on s u r f a c e  mines due t o  i t s  a v a i l a b i l i t y  
and fast growth on most s i t e s ,  whi le  V i r g i n i a  
p ine  (Pinus ' ' ' L , )  is t h e  n a t i v e  yellow 
p i n e  most cornonly found on poor s i t e s  i n  t h i s  
reg ion ,  Both s p e c i e s  were included i n  t h i s  
s t u d y .  

Treatments t e s t e d  f o r  improving t h e  s u r v i v a l  
and growth of con ta iner ized  s e e d l i n g s  were: 
I )  l n o ~ u l a t i o n  of t h e  r o o t i n g  medim w i t h  spores  
and mycelia of P i soSi thus  t i n c t o r i u s ,  and 2) 
d i sk ing  t o  reduce herbaceous competi t ion.  

3 ' ~ e r s o n a l  c a m u n i c a t i a n  wi th  E. Buckner and 
R. Evans of t h e  Univers i ty  of Tennessee. 

Containerized Seedl ing Product ion 

Methods developed by t h e  North Caro l ina  
Div is ion  s f  Fores t ry  f o r  growing conta iner ized  
p i n e  s e e d l i n g s  were g e n e r a l l y  followed i n  t h e  
greenhouse phase of t h i s  s tudy .  Containers  were 
Spencer Lamaire " roo t - t ra iners"  ( a l s o  known as 
book p l a n t e r s )  wi th  c a v i t y  dimensions of 3/4" x 
314" x x4" having a volume of 2.25 cubic inches .  
T e r r a - l i t e  red i -ear th ,  a covmercial ly  a v a i l a b l e  
p e a t - v e m i c u l i t e  m i x  was used as a roo t ing  = d i m -  
It has ~ 5 y s i c a l  and chemical p r o p e r t i e s  s i m i l a r  
t o  those  recornended by the N.C. Divis ion of 
F o r e s t r y ,  

P i s o l i t h u s  t i n c t o r i u s  spores  were c o l l e c t e d  
from funga l  f r u i t i n g  bodies  i n  a l o b l o l l y  p ine  
p l a n t a t i o n  on a  s u r f a c e  mine on t h e  Cumberland 
P l a t e a u  of  East Tennessee. Mycorrhizal r o o t s  were 
ob ta ined  from t h e s e  t r e e s ,  chopped i n  a  b lender ,  
and mixed wi th  t h e  spores  i n  a water  s l u r r y .  This  
mix ture  was thoroughly blended w i t h  t h e  r o o t i n g  
medium used t o  g e m i n a t e  h a l f  of t h e  s e e d l i n g s  of 
each s p e c i e s .  

Loblo l ly  and V i r g i n i a  p i n e  seeds from 
s u p e r i o r - t r e e  orchards were s t r a t i f i e d  f o r  30 
days p r i o r  t o  seeding.  Seedl ings were grown f o r  
o u t p l a n t i n g s  a t  3-4 week i n t e r v a l s  from May 21, 
1982 through September 26, 3.982. Greenhouse ger-  
minat ion of seeds  f o r  t h e  f i r s t  o u t p l a n t i n g  was 
s t a r t e d  November 24,  1981; g e m i n a t i o n  of seed  
l o t s  f o r  l a t e r  p l a n t i n g s  followed a t  2-3 week 
i n t e r v a l s .  Seedl ings r m a i n e d  i n  t h e  greenhouse 
f o r  11-16 weeks; t h e  l e n g t h  of t h i s  i n i t i a l  growth 
per iod  decreasing a s  t h e  l e n g t h  o f  t h e  day i n c r e a s e d ,  
While i n  t h e  greenhouse, s e e d l i n g s  were f e r t i l i z e d  
weekly wi th  a  20-20-20 f e r t i l i z e r  s o l u t i o n .  Once 
they reached "plantable"  s i z e  (6-8"), they were 
moved o u t s i d e  f o r  hardening which requi red  from 
5 t o  9 weeks. During hardening,  t h e  s e e d l i n g s  
were f e r t i l i z e d  only t o  o f f s e t  apparent  n u t r i e n t  
d e f i c i e n c i e s  (p r imar i ly  i r o n )  and watered on ly  
when mois ture  s t r e s s  became c r i t i c a l  t o  p l a n t  
s u r v i v a l .  

Depending on weather c o n d i t i o n s  and day 
l e n g t h  fol lowing seed g e m i n a t i o n ,  t h e  t o t a l  
growth per iod  requi red  t o  produce a conta iner ized  
s e e d l i n g  ready f o r  ou tp lan t ing  was from 1 7  t o  
25 weeks. Outplanted l o b l o l l y  p i n e  s e e d l i n g s  
averaged 7.5" i n  he igh t  and V i r g i n i a  p ine  averaged 
6.0". 

e r  of 1981, a reclaimed mine 
si te onBrushy Mountain i n  Morgan County, Tennessee, 
was s e l e c t e d  f o r  o u t p l a n t i n g .  The a r e a  had been 
c o m e r c i a l l y  mined and reclaimed fol lowing Federa l  
r e g u l a t i o n s .  It had been graded, f e r t i l i z e d  and 
seeded w i t h  a  legume-grass mix ture  i n  t h e  s p r i n g  
of 1981. The reclamation schedule c a l l e d  f o r  t r e e  
p l a n t i n g  i n  t h e  spr ing  of 1982. An agreement w a s  
arranged wi th  t h e  l a n d o m e r  and t h e  Tennessee 



Division of Surface Mine Reclamation t o  a l low t h i s  
s tudy  i n  l i e u  of conventional  t r e e  p l a n t i n g ,  

The s tudy s i t e  was div ided  i n t o  t h r e e  
b locks ,  each conta in ing  e i g h t  t reatment  p l o t s  
providing f o r  a f a c t o r i a l  arrangement t e s t i n g  
t h e  t w o  s p e c i e s ,  each wi th  and ririthout both 
d i s k i n g  and mycorrhizal  inocu la t ion .  The 
f a c t o r i a l  s p l i t - p l o t  arrangement enabled t h e  
d i s k i n g  of  one h a l f  of t h e  p l o t s  and kept  
inocu la ted  t r e e s  separa ted  from t h o s e  n o t  
inocu la ted .  Each p l o t  was subdivided i n t o  e i g h t  
s u b p l o t s  t o  which p l a n t i n g  d a t e s  were randomly 
assigned.  Each subplo t  contained 20 s e e d l i n g s  
p l m t e d  on t h e  assigned da te .  Spacing was 3' x 3 ' .  

The s u r v i v a l  count on which t h i s  a n a l y s i s  is 
based was made on October 17,  1982, approximately 
t h r e e  weeks a f t e r  t h e  l a s t  p l a n t i n g .  

RESULTS AIVD DISCUSSION 

Seedl ing s u r v i v a l  f o r  a l l  p l a n t i n g  d a t e s  and 
t reatment  c o d i n a t i o n s  was e x c e l l e n t .  Surv iva l  
was over  90% f o r  a l l  p l a n t i n g  d a t e s  and t r e a t -  
ment c o n d i t i o n s  (Table 1 ) -  R e l a t i v e l y  low 
s u r v i v a l  f o r  t h e  J u l y  21  and August 10 p l a n t i n g s  
(91  and 92 percent ,  r e s p e c t i v e l y )  was l a r g e l y  t h e  
r e s u l t  o f  r a b b i t  damage, without  which t h e s e  
v a l u e s  would have been g r e a t e r  than  95 percen t .  

Although t h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  
( - 9 5  l e v e l )  s u r v i v a l  d i f f e r e n c e  among p l a n t i n g  
d a t e s ,  t h e  e x c e l l e n t  o v e r a l l  s u r v i v a l  makes t h i s  
o f  no p r a c t i c a l  s i g n i f i c a n c e .  Nei ther  d i sk ing  
nor  mycorrhizal  i n o c u l a t i o n  appeared t o  a f f e c t  
s u r v i v a l .  Treatments intended t o  improve s u r v i v a l  
cannot provide s i g n i f i c a n t  g a i n s  when s u r v i v a l  
without  t reatment  is so high.  Unusually well-  
d i s t r i b u t e d  s u m e r  r a i n s  appeared t o  account f o r  
t h i s  good performance. A more t y p i c a l  season 
would have g r e a t e r  water  s t r e s s ,  poss ib ly  
r e s u l t i n g  i n  lower o v e r a l l  s u r v i v a l  and more 
s i g n i f i c a n t  t reatment  e f f e c t s .  

Surv iva l  w i l l  a g a i n  be  recorded a t  t h e  end 
of t h e  f i r s t  win te r ,  A f t e r  t h e  second s 
both s u r v i v a l  and growth measurements w i l l  be  
t aken ,  Treatment e f f e c t s  may be  d e t e c t e d  a t  t h i s  
time, depending on t h e  s e v e r i t y  of t h e  w i n t e r  co ld  
o r  t h e  smmer  droughts ,  o r  both. 

CONCLUSIONS 

T h i s  s tudy i n d i c a t e s  t h a t  con ta iner ized  p i n e  
s e e d l h g s  can be s u c c e s s f u l l y  p lan ted  throughout 
t h e  growing season on s u r f a c e  mines i n  East  
Tennessee. High s u r v i v a l  was obtained even 
without  t rea tments  designed t o  reduce wate r  s t r e s s  
and improve seed l ing  v i g o r ,  F u r t h e r  t e s t i n g  is 
needed t o  d e t e r n i n e  s u r v i v a l  i n  more t y p i c a l  
seasons when water  stress is  more severe.  

Table 1.--Seedling s u r v i v a l  (percen t )  according t a  
p l a n t i n g  d a t e ,  species and t rea tments ,  

P l a n t i n g  Date -- Survival  

my 2 1  
June 4 
June 17  
J u l y  2 
J u l y  21  
Augus t 1 0  
Sept .  9 
Sept ,  24 

Spec ies  

Loblo l ly  P ine  
V i r g i n i a  P i n e  

Mycorrhizal Inocula t ion  

Inocula ted  
Control  

Disked 
Control  
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REGENmTING RED OAK ON PRODUCTIVE SITES I N  THE 

sommw APPALACHIANS : A RESEARCH A P P R O A C ~ /  

2 / David L. Loft is-  

Abstract.--Red oak (Quercus rubra L.) stems i n  a 
favorable competitive pos i t i on  a r e  usually absent from 
recen t ly  crea ted  even-aged stands,  even where red oak was a 
prominent component of the  previous stand.  Pas t  research 
ind i ca t e s  t h a t  lack  of adequate advance reproduction is  the  
problem on productive s i t e s .  A quan t i t a t i ve  approach t o  
develop predic t ive  models of regenerat ion development is  
out l ined .  The objec t ives  of t h i s  research a r e  t o  provide: 
(1) a method of predic t ing  performance of advance reproduc- 
t i o n  a f t e r  harves t ,  and (2) the  s i l v i c u l t u r a l  p r ac t i ce s  
which w i l l  enhance the  development of advance reproduction. 
Using t h i s  information, t he  manager would be ab l e  t o  main- 
t a i n  red oak a s  a component i n  these stands.  

Regenerating upland oaks, p a r t i c u l a r l y  on 
good-to-excellent s i t e s ,  is frequently c i t e d  a s  
a management problem i n  ea s t e rn  hardwood f o r e s t s  
(McLintock 1979, Merr i t t  1979). In  Southern 
Appalachian mixed hardwood f o r e s t s ,  red oak 
(Quercus rubra)  is not  being successfu l ly  regen- 
e r a t ed  by even-aged methods (Beck 1970, McGee 
and Hooper 1975, L o f t i s  1979). Red oak occurs 
on good s i t e s  i n  mature s tands  dominated by red 
oak and o ther  upland oaks, and on excel len t  
s i t e s  where stands a r e  dominated by deciduous 
spec ies  o ther  than oaks. Its rapid  diameter 
growth and high-quality wood make red oak com- 
mercial ly des i r ab l e  (Fowells 1965). Many wild- 
l i f e  spec ies  benef i t  from its good, though 
somewhat infrequent ,  mast production (Beck 1977). 
We would l i k e  t o  maintain a component of red oak 
i n  regenerated stands.  

My objec t ives  i n  t h i s  paper a r e  t o  (1) ac- 
count f o r  regenerat ion f a i l u r e s  i n  e a r l i e r  
s tud i e s  and suggest requirements f o r  success,  
and (2) ou t l i ne  our approach t o  red oak regen- 
e r a t i o n  research.  

I /  Paper presented a t  Southern Si lv icul -  
tura l -~esearch  Conference, At lanta ,  Georgia, 
November 4-5, 1982. 

21 Research Fores ter ,  USDA Forest Service,  
southeastern Forest  Experiment S ta t ion ,  
Ashevil le ,  N.C. 

SOURCES OF REGENERATION 

On good-to-excellent s i t e s  i n  the  Southern 
Appalachians red oak of ten  f a i l s  t o  compete a f t e r  
c l ea rcu t t i ng ,  even though it was a prominent com- 
ponent of t he  ove r s to r i e s  of t he  previous s tands ,  
and advance reproduction was present  p r io r  t o  
c l ea rcu t t i ng  (McGee and Hooper 1970, 1975; Beck 
1970). After  c l ea rcu t t i ng ,  s tands  a r e  dominated 
by a mixture of des i r ab l e  spec ies  of seedling and 
sprout o r i g i n  and l e s s  des i r ab l e  species mostly of 
sprout  o r ig in .  By age 15 t o  20 the  des i r ab l e  
spec ies ,  p a r t i c u l a r l y  yellow-poplar (Liriodendron 
t u l i p i f e r a  L.), emerge a s  dominants. Red oak i s  
r a r e l y  among the  dominants. 

To understand why these  oak regenerat ion 
f a i l u r e s  occur one must consider the  sources of 
regenerat ion a f t e r  c learcut t ing:  (1) new seed- 
l i n g s  t h a t  develop from seed i n  place o r  blown o r  
ca r r i ed  i n  from adjacent  s tands ,  (2)  seedl ings  
t h a t  develop p r i o r  t o  t he  harvest  cu t  (advance 
reproduction),  and (3)  sprouts from stumps and 
roo t s  of cu t  t r e e s  (Beck 1980). Most hardwoods 
produce stump sprouts  when cut .  But Johnson 
(1971) has shown t h a t  fo r  oaks the  p robab i l i t y  
t h a t  a stump sprout  w i l l  become a codominant o r  
dominant component of the  new stand decreases 
with increas ing  t r e e  diameter. Figure 1 shows a 
typ i ca l  diameter d i s t r i b u t i o n  f o r  red oak i n  ma- 
t u r e  s tands  i n  t he  Southern Appalachians. This 
sample includes both mixed oak and mixed cove 
hardwood stands.  There were a t o t a l  of 76 red 
oak t r e e s  1.5 inches dbh o r  l a rge r  i n  t he  sample, 
of which 58 were sawtimber t r ee s .  Applying 
Johnson's p robab i l i t y  est imates t o  t h i s  
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Figure 1.--Diameter d i s t r i b u t i o n  of r ed  oak on p l o t s  i n  mature s t ands  i n  no r thea s t  
Georgia. 

d i s t r i b u t i o n ,  we f i n d  t h a t  i f  t he se  s t ands  were 
c l e a r c u t ,  stump sprouts  would con t r i bu t e  only 
12 dominant o r  codominant stems t o  t h e  new 
s tands .  I f  we want t o  have a r ed  oak component 
i n  t he  new s tands  equal  t o  t h a t  i n  t h e  previous 
s tands  (bee . ,  58 sawtimber t r e e s ) ,  i t  appears  
t h a t  stump sp rou t s  w i l l  con t r i bu t e  Ear fewer 
t r e e s  than needed, 

Several  i nves t i ga to r s  have shown t h a t  newly 
e s t a b l i shed  oak seedl ings  grow much too  slowly t o  
compete succe s s fu l l y  fol lowing c l e a r c u t t i n g  (Beck 
1970, Sander 1972, McQuilken 1975). Since new 
seedl ings  w i l l  not  con t r i bu t e  dominant o r  codom- 
i na n t  stems t o  t h e  new s tand ,  and stump sp rou t s  
w i l l  c on t r i bu t e  only a few, advance reproduction 
w i l l  have t o  be t h e  source of most dominant o r  
codominant stems in t h e  new s tand .  This  opinion 
is  widely he ld  and has become a t e n e t  of oak 
s i l v i c u l t u r e  (Sander 1971, Sander and Clark 1970, 
Carve l l  and Tryon 1961, Mer r i t t  1979). 

P R E W m S T  MTRIBUTES OF AT3'ilAYGE REPRODUCTION 

The presence of oak advance reproduction 
does no t  a u t ~ m a t i c a l l y  i n su re  oak i n  t h e  succeed- 
ing  s tand.  I n  a Southern Appalachian c l e a r c u t ,  
&Gee and Nooper (1970, 1975) found an average of 
1,450 advance red  oak s t e m s  per  acre .  Nowever, 
t h i s  advance reproduction d id  nor courpete we l l  
a f t e r  harves t .  Dominant and codominant red oaks 
occur in f requent ly  i n  t h e  new s tand ,  

The f i r s t  major coniponent of the  red oak 
regenera t ion  problem, then ,  is  t o  de t e rn ine  what 
a t t r i b u t e s  advance reproduction must have i f  i t  
is t o  conpete successfully a f t e r  overs tory  

removal. Sander (1971, 1972) showed t h a t  growth 
of oak advance reproduction a f t e r  c l e a r c u t t i n g  
was r e l a t e d  t o  s i z e  of t h e  advance reproduction 
p r i o r  t o  cu t t i ng .  He t e n t a t i v e l y  concluded t h a t  
advance reproduction must be a t  l e a s t  4.5 f e e t  
t a l l  p r i o r  t o  harves t  i f  t he  succeeding s tand  is  
t o  conta in  dominant and codominant oaks. Carve l l  
(1967) found t h a t  t h e  v igor  of t h e  oak advance 
reproduction ( a s  measured by t h e  degree of a p i c a l  
dominance expressed) was an important determinant  
of i t s  growth a f t e r  r e l e a se .  

To address  t h i s  f i r s t  problem component I 
have e s t ab l i shed  a s tudy wi th  two objec t ives :  
(1) t o  examine t h e  r e l a t i o n s h i p s  between preharves t  
a t t r i b u t e s  of advance reproduction and i t s  post-  
harves t  performance, and (2) t o  provide u s e f u l  
s i l v i c u l t u r a l  gu ide l ines  based on these  r e l a t i o n -  
sh ips .  Beginning i n  1977 I i n s t a l l e d  a  s e r i e s  of 
p l o t s  i n  mature hardwood s t ands  growing on s i t e s  
ranging from 65 t o  90 s i t e  index f o r  oak a t  50 
years .  The p l o t s  contained red  oak advance re -  
production of varying s i z e s .  The advance r ed  oak 
stems were i nd iv idua l l y  mapped and tagged. Height, 
ba sa l  diameter ,  and a sub j ec t i ve  assessment of 
a p i c a l  dominance were recorded f o r  each stem. A 1 1  
p l o t s  received a commercial c l e a r c u t ,  and undesir-  
ab l e  and unmerchantable stems were t r e a t e d  i n  one 
of two ways. On s i x  p l o t s  t he se  stems were f e l l e d  
a f t e r  t h e  harves t  cu t .  On f i v e  p l o t s ,  they were 
i n j ec t ed  wi th  he rb i c ide s  p r i o r  t o  ha rve s t .  Our 
s t u d i e s  have shown t h a t  the  cha r ac t e r  of t h e  young 
s tand  w i l l  be d i f f e r e n t  i n  t he se  two t rea tments .  
Af te r  pos tharves t  f e l l i n g ,  sp rou t s  from undesir-  
ab l e  spec i e s  w i l l  dominate t h e  e a r l y  l i f e  of t h e  
s tand.  With preharves t  he rb i c ide  t reatment  ad- 
vance reproduction and new seedl ings  w i l l  dominate 
(Lo f t i s  1978). 



Using s tandard  r e g r e s s i o n  methods, I can 
r e l a t e  pos tharves t  growth of i n d i v i d u a l  r e d  oak 
stems t o  t h e i r  p r e h a r v e s t  s i z e  and a p i c a l  domi- 
nance over a range of s i t e  ind ices .  But growth, 
per se, does n o t  g ive  t h e  manager t h e  information 
he needs. By us ing  t h e  a n a l y t i c a l  technique ag- 
p l i e d  by Johnson (1977) i n  h i s  stump s p r o u t i n g  
s t u d i e s ,  I can provide e s t i m a t e s  of t h e  p robabi l -  
i t y  t h a t  a stem w i t h  given preharves t  a t t r i b u t e s  
w i l l  be a dominant o r  codominant stem a t  some 
time a f t e r  t h e  h a r v e s t  c u t .  

Th is  technique is descr ibed  i n  some r e c e n t  
s t a t i s t i c s  t e x t s  (e.g.,  Neter and Wasserman 1974), 
and a computer r o u t i n e  t o  perform t h e  a n a l y s i s  
has  been developed by Hamilton (1974). The 
dependent v a r i a b l e  is  a b i n a r y  response wi th  a 
va lue  of 1 i f  t h e  t r e e  is dominant o r  codominant 
and O i f  no t .  This  dependent v a r i a b l e  is  re- 
gressed ,  us ing  weighted l e a s t  squares ,  a g a i n s t  t h e  
independent v a r i a b l e s  i n  a l o g i s t i c  model ( f i g .  
2 ) .  The expected va lue  of Y ,  E(Y), is  e q u a l  t o  
a p r o b a b i l i t y  (p)  t h a t  Y = l .  

The u t i l i t y  of t h i s  approach is  t h a t  i t  
g ives  t h e  manager a p r e d i c t i v e  t o o l .  For exam- 
p l e ,  i f  s i z e  is t h e  on ly  important independent 
v a r i a b l e ,  an  inventory  of advance oak repro-  
duc t ion  by s i z e  c l a s s e s  a l lows  t h e  manager t o  
p r e d i c t  t h e  number of dominant and codominant 
oak stems i n  t h e  new s tand  from an immediate 
harves t  : 

r 

where: N = p r e d i c t e d  number of dominant 
and codominant red  oak 
stems ; 

ni = number of r e d  oak stems i n  
t h e  ith s i z e  c l a s s ;  

pi = p r o b a b i l i t y  t h a t  a stem i n  
t h e  ith s i z e  c l a s s  w i l l  
become dominant o r  codomi- 
nan t  . 

We can a l s o  examine t h e  d i f f e r e n c e s  between t h e  
two methods of t r e a t i n g  unmerchantable stems by 
t e s t i n g  f o r  d i f f e r e n c e s  i n  our  e s t i m a t e s  of t h e  
parameters  of t h e  l o g i s t i c  model ( f i g .  3 ) .  

PROVIDING ADVANCE REPRODUCTION 

I f  t h e  p r e d i c t e d  r e s u l t  i s  acceptable-- i .e . ,  
t h e  advance reproduct ion p r e s e n t  w i l l  p rov ide  t h e  
d e s i r e d  number of dominant and codominant stems-- 
t h e  manager can proceed wi th  t h e  harves t .  How- 
e v e r ,  i f  t h e  p r e d i c t e d  r e s u l t  i s  not  a c c e p t a b l e ,  
then  one is  faced wi th  t h e  second major component 
of t h e  problem: how t o  develop t h e  necessary  
advance reproduct ion when i t  is  absen t .  

Our experience i n  regenera t ion  s t u d i e s  sug- 
g e s t s  t h a t  whi le  smal l  advance reproduct ion is  
commonly found i n  mature s t a n d s ,  l a r g e  advance 
reproduct ion is  r a r e l y  p r e s e n t .  Moreover, t h e  
b e s t  d a t a  a v a i l a b l e  from t h e  Southern Appalachians 
sugges t s  t h a t  l a r g e  advance reproduct ion w i l l  n o t  
develop i n  t h e  absence of d i s tu rbance .  Beck's 

0 
INDEPENDENT VARIABLE ( X I  

Figure 2.--The l o g i s t i c  func t ion .  
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Figure 3.--Hypothesized effect of two methods of treating unmerchantable stems on prob- 
ability that red oak stems will become dominant or codominant. 

study of red oak seedlings (1970) included a Sam- 
ple of seedlings of the same age which were 
located in undisturbed stands. A graph of survi- 
val over time (fig. 4) shows that mortality was 
high, and after 12 years survival was less than 
10 percent. A negative exponential, a common 
population decay function, fits the data quite 
well : 

where: St = survival of seedlings at t 
years after establishment 

So = survival at 0 years, i.e., 
100 percent 

e = the base of the natural 
logarithms 

r = the rate parameter to be 
estimated 

t = time, in years, after 
establishment. 

Perhaps more important is the graph of 
height attained over time in these undisturbed 
stands (fig. 5). The curve might be described 
by a power function: 

where : ht = mean height of seedlings 
at t years after estab- 
1 i shmen t 

Bo, B1 = parameters to be estimated 

t = time, in years, after 
establishment. 

- - 
Y E A R S  A F T E R  ESTABLISHMENT 

Figure 4.--Survival curve for a cohort of red oak seedlings growing under undisturbed 
conditions. 
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Figure 5.--Mean h e i g h t  a t t a i n e d  over  t ime by a cohort  of r e d  oak s e e d l i n g s  growing 
under undis tu rbed  condi t ions .  

It appears  t h a t  l eav ing  s t a n d s  undisturbed w i l l  
not  r e s u l t  i n  l a r g e  advance reproduct ion being 
p r e s e n t ,  

The i d e a  t h a t  some a c t i o n  must be taken 
p r i o r  t o  t h e  end of t h e  r o t a t i o n  t o  provide ad- 
vance reproduc t ion  is  t h e  c g n t r a l  concept of t h e  
shelterwood regenera t ion  method (Smith 1962).  Re 
have made a number of shelterwood c u t s  on t h e  
Bent Creek Experimental F o r e s t  near  Ashevi l l e ,  
North Caro l ina ,  wi th  t h e  o b j e c t i v e  of regenera t -  
ing oaks. Represen ta t ive  of t h e s e  c u t s  is  one 
made on a good s i t e  (oak S.Te=84 f e e t )  which 
supported a mature s tand  of mixed oak pnd yellow- 
popla r .  The i n i t i a l  c u t  removed an  average of 50 
square f e e t  of b a s a l  a r e a  p e r  a c r e  i n  merchantable 
stems. I n  a d d i t i o n ,  22 square  feet of b a s a l  area 
per  a c r e  were removed i n  nonmerchantable, sub- 
canopy s t e m s .  The r e s i d u a l  s tand  contained 50 
square f e e t  of b a s a l  a r e a  p e r  a c r e ,  There were 
2,400 s t e m s  per  a c r e  of advance r e d  oak repro-  
duc t ion ,  and 5 years  a f t e r  t h e  i n i e i a l  c u t  423 of 
them had grown t o  a h e i g h t  of a t  l e a s t  4.5 f e e t .  
However, t h e  degree of d i s tu rbance  i n  t h i s  c u t  
was s u f f i c i e n t  t o  a l low a s s o c i a t e d  s p e c i e s ,  even 
t h e  most i n t o l e r a n t ,  t o  grow a s  wel l :  

Stemslacre > 4.5 f t .  

Yellow-poplar 1,720 30 
Red oak 423 7 
Black cher ry  436 8 
Other oaks 251 4 
Birch 106 2 
Other d e s i r a b l e s  211 4 

Dopood 940 16 
Red maple SO6 11 
Locust 510 9 
Soumood 120 2 
Other undes i rab les  4 17 7 

To favor  r e d  oak i n  regenera t ion ,  a s h e l t e r -  
wood method should provide f o r  development of 
l a r g e  r e d  oak advance reproduc t ion  without  simul- 
taneously a l lowing  a s s o c i a t e d  s p e c i e s  t o  ga in  an  
advantage over  t h e  oaks. This  goa l  impl ies  (a)  a 
h igher  r e s i d u a l  overwood b a s a l  a r e a  t o  prevent  
yellow-poplar from becoming e s t a b l i s h e d  and grow- 
ing ,  and (b) e l i m i n a t i n g  t h e  t o l e r a n t  subcanopy 
stems wi th  h e r b i c i d e s  t o  prevent  sprout ing.  

The s u r v i v a l  and growth curves  from Beck's 
d a t a  could be modified t o  r e f l e c t  a b a s a l  a r e a  
r e d u c t i o n  ( f i g s .  6 and 7) .  The r a t e  parameter ( r )  
i n  t h e  n e g a t i v e  exponent ia l  curve f o r  s u r v i v a l  and 
t h e  parameters  B o  and i n  t h e  curve of growth 
over time can be es t imated  a s  func t ions  of r e s i -  
d u a l  b a s a l  a r e a :  

where: r '  = F(BA) 

and ht = B i t B ;  

where: B i ,  6; = g(BA). 

S t u d i e s  t o  examine t h e s e  r e l a t i o n s h i p s  have 
been i n s t a l l e d  i n  western North Carol ina and nor th-  
e a s t  Georgia. E x i s t i n g  advance oak reproduc t ion  
on 43 p l o t s  h a s  been mapped and tagged. Basal  a r e a  
reduc t ions  of 0 t o  40 percen t  of i n i t i a l  b a s a l  a r e a  
( inc lud ing  a l l  stems > 0.5 inches d.b.h.) have been 
accomplished by s t e m  i n j e c t i o n  and, i n  some c a s e s ,  
c u t t i n g .  I n  each c a s e ,  beginning wi th  t h e  s m a l l e s t  
diameter  c l a s s e s ,  untagged stems i n  s u c c e s s i v e l y  
l a r g e r  diameter  c l a s s e s  were i n j e c t e d  u n t i l  t h e  
b a s a l  a r e a  t a r g e t  f o r  a p l o t  was m e t .  

By measuring s u r v i v a l  and growth of t h e s e  
tagged s e e d l i n g s  over  t i m e ,  t h e  r e l a t i o n s h f p s  be- 
tween b a s a l  a r e a  reduc t ion  and s u r v i v a l  and growth 
can be e s t a b l i s h e d .  

Yellow-poplar s e e d l i n g s ,  along with s p r o u t s  from 
t h e  t o l e r a n t  subcanopy stems,  dominated t h e  r e -  
genera t ion  a f t e r  5 years .  Thus, even though r e d  
oak advance regenera t ion  responded to b a s a l  a r e a  
reduc t ion ,  most stems were overtopped by stems of 
o t h e r  s p e c i e s .  
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SUBCANOPY TRMWNT 

We have only recent ly  begun t o  apprec ia te  
how much growing space i s  occupied by small- 
diameter stems i n  mature stands.  The majori ty 
of these  s t e m s ,  p a r t i c u l a r l y  the  ones below 7 
inches d.b.h., a r e  of t o l e r a n t ,  noncommercial 
spec ies ,  and occupy a subcanopy pos i t ion .  Data 
from my p l o t s  i n  nor theas t  Georgia a r e  t yp i ca l :  

Diameter Number of Cumulative 
c l a s s  stems B A 

-inches- -per acre- -% of t o t a l -  

The proport ion of t o t a l  s tand basa l  a r ea  i n  
these  sterns is  subs t an t i a l .  They cont r ibute  t o  
t he  dense shade under mature s tands ,  preventing 
growth of advance reproduction of des i r ab l e  
species.  I f  they a r e  cut  i n  t he  i n i t i a l  cu t  of 
a shelterwood o r  a f t e r  a commercial c l ea rcu t ,  
they sprout  vigorously,  o f f e r ing  severe compe- 
t i t i o n  t o  des i r ab l e  species.  Eliminating these  
stems with herb ic ide  i n j ec t ion  a s  p a r t  of t he  
i n i t i a l  shelterwood operat ion seems log ica l .  

This treatment removes a source of competition 
both before and a f t e r  f i n a l  overstory removal. 

SUMMARY 

On good s i t e s  i n  t he  Southern Appalachians, 
red oak is  not  being regenerated by even-aged 
methods. Stump sprouts  and l a rge  advance repro- 
duction,  t he  sources f o r  red oak regenerat ion,  a r e  
usually absent a t  the  time of c learcut t ing .  Small 
diameter red oak stems, t he  bes t  source of stump 
sprouts ,  occur infrequently i n  mature stands.  And 
red oak advance reproduction, when present ,  is 
usually too small t o  compete successfully a f t e r  
harvest  . 

Studies a r e  now i n  place t o  provide predic-  
t i v e  models of the  performance of red oak advance 
reproduction a f t e r  c l ea rcu t t i ng ,  and t o  develop 
the  s i l v i c u l t u r a l  p r ac t i ce s  necessary t o  provide 
l a rge  advance reproduction. The r e s u l t s  from 
these  s tud i e s  should provide managers the guide- 
l i n e s  necessary t o  regenerate red oak on productive 
s i t e s  i n  t he  Southern Appalachians. 
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SPECIES AND SITE EMTIONSHIPS MOMG OAK EGEmIIATION TYPES 

1 / AFTER CLEARCUTTING I N  TEE VIRGINIA RIDGE AND 'ZrALLEY- 

2 / M. S. Ross, T. L.  Sharik,and D. Wm. Smith- 

Abstract , - - ' f l~e development of oak stems of advance 
regenera t ion  and stump sprou t  o r i g i n  was s t u d i e d  f o r  t h r e e  
years  fol lowing c l e a r c u t t i n g  and whole t r e e  removal i n  
southwestern Vi rg in ia .  Chestnut oak stumps sprouted more 
f r e q u e n t l y  and supported t a l l e r  s p r o u t s  than s c a r l e t  o r  
black oak stumps. Hcwever, shoot  growth of advance regenera- 
t i o n  d i d  no t  d i f f e r  among t h e  t h r e e  oak spec ies .  T a l l e r  
stump s p r o u t s  were a s s o c i a t e d  wi th  more produc t ive  s i t e s  ( a s  
i n d i c a t e d  by s i t e  index,  topographic v a r i a b l e s ,  and vegeta- 
t i o n  cornyosition). Height growth of oak advance regenera t ion  
was a l s o  g r e a t e r  on higher  q u a l i t y  s i t e s .  Both stump s i z e  
and pre-harvest  advance regenera t ion  s i z e  had a p o s i t i v e  
i n f l u e n c e  on subsequent he igh t  growth, a l though l a r g e  stumps 
sprou ted  more i n f r e q u e n t l y .  Density of wel l -es tab l i shed  oak 
stems of advance regenera t ion  o r i g i n  t h r e e  y e a r s  a f t e r  
h a r v e s t  was g r e a t e s t  i n  s t a n d s  of s i t e  index 55-65, and f e l l  
o f f  on s i t e s  of h igher  and lower q u a l i t y .  

INTRODUCTION 

I n  deeply d i s s e c t e d  t e r r a i n  c h a r a c t e r i s t i c  
of s t e e p  s lopes  i n  t h e  Ridge and Valley Province 
of southwestern V i r g i n i a ,  s i t e  index of upland 
oaks may change from S I  40 t o  S I  70 o r  more 
w i t h i n  a few hundred f eze.  ~ b r u ~ z ' s h i f  t s  i n  s i t e  
q u a l i t y  are accompafed by equa l ly  dramatic  
changes i n  s p e c i e s  composition i n  t h e  overs to ry  
and unders to ry  of 60- t o  80-year-old second-growth 
hardwoodJmixed hardwood-pine f o r e s t s .  I f  in ten-  
s i v e  h a r v e s t i n g  were t o  occur ac ross  t h i s  range of 
s i t e s ,  d i f f e r e n c e s  i n  growth p o t e n t i a l  and i n i t i a l  
v e g e t a t i o n  should be manifested i n  some way dur ing  
the  e a r l y  s t a g e s  of s t a n d  regenera t ion .  

On t h e  midslope p o s i t i o n s  of t h e  g e n e r a l l y  
northeast-southwest- t rending r i d g e s ,  e s p e c i a l l y  on 

i e r  sou theas t  f a c e s ,  ches tnu t  oak 
L , ) ,  s c a r l e t  oak (Q. coccinea Mue 

I /  Paper p resen ted  a t  Second S i l v i c u l t u r a l  
~ e s e a y c h  Conference, A t l a n t a ,  Georgia, November 
A - 5 ,  1982. F i n a n c i a l  support  f o r  t h i s  research  
was prov id td  by the V i r g i n i a  A g r i c u l t u r a l  Founda- 
t i o n ,  U.S, F o r e s t  Serv ice ,  and McInt ire-Stennis  
Funds, 

26 Research A s s i s t a n t ,  A s s i s t a n t  Professor  
of ~ o T e s t  S o i l s  and S i l v i c u l t u r e ,  and Research 
Assoc ia te ,  V i r g i n i a  Po ly technic  I n s t i t u t e  and 
Skate Univers i ty ,  Blacksburg, V i r g i n i a  24061,  

and b lack  oak (Q. v e l u t i n a  Lam.) a r e  found i n  
vary ing  propor t ions  on most s i t e s .  Because of 
t h e  dominance and u b i q u i t y  of t h e s e  s p e c i e s  i n  
t y p i c a l  second-growth s t a n d s ,  and because of t h e  
r e c e n t  concern wi th  oak regenera t ion  (Holt and 
F i s h e r ,  e d s . ,  1979), t h e  au thors  i n v e s t i g a t e d  
t h e  e a r l y  response of t h e s e  t h r e e  s p e c i e s  t o  whole- 
t r e e  removal. Oak regenera t ion  was s t u d i e d  
a g a i n s t  t h e  mosaic of growth p o t e n t i a l  and s p e c i e s  
composition t y p i c a l  of t h e  reg ion ,  and t h e  devel- 
opment of oak s p e c i e s  was put  i n  con tex t  of s t a n d  
development a s  a whole. 

STUDY AREA 

The s tudy  a r e a  i s  loca ted  a t  about 760 m 
e l e v a t i o n  on t h e  sou theas t  f a c e  of P o t t s  Mountain 
i n  Craig County, Vi rg in ia .  Paren t  m a t e r i a l s  a r e  
nu t r ien t -poor  sandstones and s h a l e s ,  which form 
coarse- textured,  shal low, s t r o n g l y  leached s o i l s .  
Slopes a r e  g e n e r a l l y  30-40 percen t .  Annual 
p r e c i p i t a t i o n  averages 965 mm, and is evenly 
d i s t r i b u t e d  through t h e  year .  The f r o s t - f r e e  
season i s  about 160 days. 

Within t h e  s tudy a r e a ,  oaks were most pro- 
minent i n  t h e  canopies of s tands  on t h e  broad 
s i d e  s l o p e s ,  but  were subord ina te  t o  p i t c h  p i n e  
(Finus H i l l , )  on south-facing spur  r i d g e s ,  
and l e s s  abundant than red  maple (Acer rubrum L.) 
i n  t h e  shal low coves. This  range of s i t e s  was 



div ided  i n t o  f o u r  types on t h e  b a s i s  of v e g e t a t i o n  
conrposition, as fol lows:  (1) n ixed  hardwood, 
wi th  overs rory  c o n s i s t i n g  of a v a r i e t y  of r e l a -  
t i v e l y  mesic s p e c i e s ,  inc lud ing  red maple, yellow- 

L.) and nor thern  

d i v e r s e ,  bu t  l a r g e l y  devoid of e r i c a d s ;  (2) mixed 
oak, wi th  overs to ry  predominantly oak, and 
e r icaceous  understory discont inuous;  (3) mixed 
oak-pine, c h a r a c t e r i z e d  by an overs to ry  most ly of 
oaks,  b u t  wi th  s c a t t e r e d  p i n e ,  and a  w e l l  devel- 
oped shrub component dominated by mountain l a u r e l  
(KaLmia l a t i f o l i a  L . ) ,  huckleberry ( 
bacca ta  (Wang) K. Rock) and blueberries (Vaccinfum 
spp.)  ; and (4) mixed p ine ,  wi th  overs to ry  domi- 
na ted  by p ines ,  oaks i n  a s l i g h t l y  subord ina te  
p o s i t i o n ,  and a  heavy shrub l a y e r  predsmlnantly 
of e r i c a d s  and bear  oak (Quercus i l i c i f o l i a  Wang,) 
(McEvoy e t  a l .  1980), 

The c l a s s i f i c a t i o n  of s t a n d s  according t o  
v e g e t a t i o n  composition produced groups which a l s o  
d i f f e r e d  i n  t e r n s  of s i t e  p roduc t iv i ty .  When 
t h r e e  s e p a r a t e  i n d i c e s  of p r o d u ~ t i v i t y  were 
appl ied  t o  t h e  f o u r  v e g e t a t i o n  types ,  a g r a d i e n t  
of i n c r e a s i n g  growth p o t e n t i a l  was e v i d e n t ,  i n  
t h e  o r d e r  mixed p ine ,  mixed oak-pine, mixed oak, 
and mixed hardwood (Table 1 ) .  The p r o d u c t i v i t y  
g r a d i e n t  was c l o s e l y  a s s o c i a t e d  wi th  s o i l  moisture 
a v a i l a b i l i t y  dur ing  t h e  1981 growing season 
(Meiners 1982). 

of 1977 and t h e  s p r i n g  of 1918. The p l o t s  were 
s i t u a t e d  w i t h i n  t h r e e  non-contiguous Tnanagement 
u n i t s  t o t a l i n g  61 ha and extending over 5.3 km 
d i s t a n c e ,  One p l o t  was r e p r e s e n t a t i v e  of t h e  
mixed hardwood v e g e t a t i o n  type,  while  mixed oak, 
mixed a&-pine, and mixed p ine  vege ta t ion  types  
were each represen ted  by t h r e e  p l o t s .  At the  
time of p l o t  e s t a b l i s h e n t ,  a l l  oak stems g r e a t e r  
than 5 m i n  he igh t  were i d e n t i f i e d ,  tagged a t  t h e  
base,  and loca ted  on a  coord ina te  g r i d ,  A t o t a l  
of 7 7 8  oak stems were tagged a t  t h i s  time. 

Between August 1978 and March 1979, a l l  stems 
g r e a t e r  than 1.5 m i n  he igh t  were cue back t o  
w i t h i n  15 cm of ground l e v e l ,  and removed from t h e  
p l o t s .  Removal was by c o m e r c i a l  whole-tree har-  
v e s t i n g  wi th  a cab le  logging system. S h o r t l y  
a f t e r  each u n i t  was c l e a r e d ,  i n s i d e  bark d iameter  
was determined t o  t h e  n e a r e s t  cent imeter  Ear each 
tagged oak. 

The schedule of c u t t i n g  was such t h a t  a l l  
p l o t s  except  one were c u t  dur ing  t h e  dormant season.  
Oak stumps i n  t h a t  a r e a  (harvested on August 15) 
resprou ted  i n  September and October, but a l l  s p r o u t s  
were k i l l e d  by f r o s t  before  win te r .  

I n  March 1982, fol lowing t h e  t h i r d  growing 
season a f t e r  h a r v e s t ,  each tagged stump was 
assessed  f o r  t h e  presence of livLng sprou ts .  The 
hefgh t  of t h e  t a l l e s t  sprou t  was a l s o  recorded f o r  
a  subsasnple of 305 sprou t ing  stumps, Stump 
s e l e c t i o n  was made us ing  a s t r a t i f i e d  random s m -  
g l i n g  scheme descr ibed  below i n  conjunct ion w i t h  
t he  development of t h e  s tands  a s  a  whole. 

Stump Sprout Development 

2 
Eight  1600 rn p l o t s  and two smal le r  p l o t s  

(800 m2 and 400 m2) were e s t a b l i s h e d  i n  t he  f a l l  

Table 1.--Product ivi ty  i n d i c e s  f o r  t h e  f o u r  v e g e t a t i o n  types included i n  t h e  study 
( P o t t s  Mountain, Craig County, VA) (Ross e t  a1.  l.982), 

Number of Pores t 
Vegetat ion Stands P r o d u c t i v i t y  S i t e  Basal Area 3/ 

Type Represented 1 n d e d I  ~ n d e & l  Increment /Tree- 

Mixed p ine  3 5.3 3 7 46 

&fixed oak-pine 1 8.0 b 9 44 

Mixed oak 3 9 .3  5 9 65 

k f  Eased on aspect, slape percent md s l o p e  p o s i t i o n .  High va lue  i n d i c a t e s  h igh  - 
p o t e n t i a l  p r o d u c t i v i t y  (Wathen 1 9 9 7 ) .  

2/  Based on t o t a l  he igh t  f o r  upland oaks a t  age 50 (Olson 3.953). - 
3/  During 4969-1979 per iod ,  - 



Advance Regeneration Development 

A f t e r  t h e  h a r v e s t i n g  opera t ion  was completed 
i n  each of t h e  t e n  s tudy  a r e a s ,  t h e  p l o t s  were 
d iv ided  i n t o  10 x 10 m c e l l s ,  At t h e  f o u r  cor- 
n e r s  of each c e l l ,  each oak advance regenera t ion  
stem w i t h i n  one o r  two 1 m2 quadra t s  (depending 
on t h e  d e n s i t y  of oak i n d i v i d u a l s  i n  t h e  p l o t )  
was mapped and tagged, and he igh t  was measured t o  
t h e  n e a r e s t  cen t imete r .  A t o t a l  of 352 stems 
were t a l l i e d  i n  t h i s  manner. Means and ranges 
presen ted  f o r  s i z e  o r  growth of oak advance regen- 
e r a t i o n  a r e  based on t h e  352 randomly sampled 
i n d i v i d u a l s .  Because i n d i v i d u a l s  t a l l e r  than 30 
cm were n o t  w e l l  represen ted  i n  t h e  small  q u a d r a t s .  
t h e  two l a r g e s t  advance regenera t ion  stems g r e a t e r  
than 30 cm i n  he igh t  i n  each c e l l  were a l s o  sam- 
p led ,  Where t h e  e f f e c t s  of o r i g i n a l  stem s i z e  a r e  
considered,  t h e  a d d i t i o n a l  l a r g e  i n d i v i d u a l s  a r e  
inc luded ,  and a r e  thus  based on a  t o t a l  sample of 
518 oak stems. 

I n  October 1980 and November 1981, a f t e r  t h e  
second and t h i r d  growing seasons,  advance regenera- 
t i o n  h e i g h t  was remeasured. Stems were c l a s s i f i e d  
i n t o  one of t h r e e  c a t e g o r i e s :  dead, resprou t  
(d ied  back and resprou ted  from w i t h i n  10 cm of stem 
b a s e ) ,  and i n t a c t  (maintained expansion of o r i g i n a l  
l e a d e r ) .  

Stand S t r u c t u r e  Three Years Af te r  Harvest 

I n  March 1982, s p e c i e s  and he igh t  were 
recorded f o r  each stem t a l l e r  than 1 m w i t h i n  one 
o r  two 5 x 5 m subplo t s  p e r  10 x 18 m c e l l .  The 
number s f  subplo t s  sampled i n  each c e l l  was based 
on t h e  v a r i a n c e  i n  stem d e n s i t y ;  only one subplo t  
per  c e l l  was requ i red  i n  t h e  r e l a t i v e l y  uniform 
mixed oak p l o t s ,  while  two subplo t s  p e r  c e l l  
were needed t o  o b t a i n  s t a b l e  es t imates  of d e n s i t y  
i n  t h e  o t h e r  v e g e t a t i o n  types.  

RESULTS AND DISCUSSION 

Stump Sprout Development 

The percen t  of stumps t h a t  produced spro'uts 
was g e n e r a l l y  h igher  f o r  ches tnu t  oak than i t s  
two oak a s s o c i a t e s  (F igure  I ) ,  Over t h e  e n t i r e  
s tudy  a r e a ,  ches tnu t  oak sprou t ing  was 72%, s c a r l e t  
o& 652, and black oak 48%. T h e  d a t a  i l l u s t r a t e d  
i n  F igure  1 a l s o  i n d i c a t e s  t h a t  sprou t ing  frequen- 
cy f o r  a l l  t h r e e  s p e c i e s  was h igher  i n  t h e  d r i e r  
mixed p i n e  and mixed oak-pine v e g e t a t i o n  types  
than on t h e  h igher  q u a l i t y  s i t e s .  However, because 
a maximum of t h r e e  r e p l i c a t e s  of each v e g e t a t i o n  
type  was sanrpled, and because of t h e  confounding 
e f f e c t s  of stump s i z e ,  no s t a t i s t i c a l  c e r t a i n t y  
could be a t t ached  t o  t h i s  apparent  t rend .  

Large ches tnu t  oak stumps were l e s s  l i k e l y  
t o  produce sprou ts  than stumps 20 cm b a s a l  diameter  
o r  l e s s  (Table 2 ) .  However, s p r o u t s  produced by 
stumps 20-30 em i n  diameter  grew f a s t e r  i n  h e i g h t  

MIXED 
HAROWOOO OAK OAK-PtWB PINE 

VEOBTATtON TYPE 

Figure  1.--Percent of stunrps which supported a t  
l e a s t  one sprou t  t h r e e  y e a r s  a f t e r  h a r v e s t  on 
P o t t s  Mountain, Craig County, VA. Numbers i n  
paren theses  a r e  number of stumps sampled. 

than s p r o u t s  of smal le r  stumps. I f  maximization 
of sprou t  frequency and v i g o r  dere d e s i r e d ,  harvest 
when most stems were i n  t h e  10-30 cm range would 
probably be b e s t .  

I n  a d d i t i o n  t o  being the most dependable sprout 
producer ,  ches tnu t  oak produced t a l l e r  s p r o u t s  
than s c a r l e t  o r  black oak ( f i g .  2 )  Averaged 
over a l l  v e g e t a t i o n  types ,  ches tnu t  oak s p r o u t s  
were 2.3 m t a l l ,  s c a r l e t  oak 1 , 7  m ,  and black oak 
1.7 m i n  h e i g h t .  The e f f e c t  of s i t e  q u a l i t y  is  
l e s s  c o n s i s t e n t  than t h e  e f f e c t  of species, with 
t h e  mixed oak-pine v e g e t a t i o n  type conta in ing  
s i g n i f i c a n t l y  s h o r t e r  s p r o u t s  ( a  = .05j f o r  all. 

Table 2.--Frequency of s p r o u t i n g  and height  of 
t a l l e s t  s p r o u t  of f o u r  size classes 
of ches tnu t  oak stumps on P o t t s  24ountain, Craig 
County, VA. 

S p ~ o u t i n g  
Stump Diameter Frequency Sprou t  Height 

( cm) P (%> P (m) 

0 - 10 7 7 
k " 

2 ,  o e "  
11 - 20 7 9 2,hS 

21 - 30 7 1 2,7c 

31 - 40 5 0 2,6bc 

I /  Heights  followed by d i f f e r e n t  letters differ at  - 
a lpha  = .05. 
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Figure  5.--Height development of s i x  s i z e  c l a s s e s  
of oak advance regenera t ion  on P o t t s  Mountain, 
Craig County, VA. Data f o r  ches tnu t ,  s c a r l e t  
and black oak a r e  combined (n = 501). 

Stand S t r u c t u r e  Three Years A f t e r  Harvest  

The p r o f i l e  diagrams ( f i g .  6)  i l l u s t r a t e  t h e  
two-tiered n a t u r e  of t h e  young s t a n d s ,  and t h e  ac- 
c e l e r a t e d  r a t e  of s tand  development wi th  i n c r e a s i n g  
s i t e  q u a l i t y .  Again, t h e  unexpectedly slow develop- 
ment of t h e  mixed oak-pine a r e a s  i s  ev iden t .  The 
au thors  a n t i c i p a t e  t h a t  t h e  fast-developing lower 
s t r a t u m  of s a s s a f r a s ,  blackgum, and dogwood on me- 
dium q u a l i t y  s i t e s  w i l l  a c t  a s  " t r a i n e r s "  f o r  t h e  
dominant s p r o u t s ,  and l e a d  t o  b e t t e r  stem form. I n  
c o n t r a s t ,  sp rou t  clumps on poor s i t e s ,  wi th  l i t t l e  
competi t ion from t h e  s i d e ,  w i l l  probably expand t o  
dominate l a r g e  a r e a s ,  and e v e n t u a l l y  g ive  t h e  
s tand  a "wolfy", understocked appearance. Based 
on annual  sampling of t h e  0-1 m h e i g h t  s t ra tum (not  
shown i n  f i g u r e  S ) ,  i t  i s  expected t h a t  narrow- 
crowned p ines  w i l l  cont inue t o  seed i n  from 
ad jacen t  s t a n d s ,  and occupy some of t h e  i n t e r s t i c e s  
among t h e  sprou ts .  I n  t h e  mixed oak v e g e t a t i o n  
type,  a cons iderab le  number of advance regenera t ion-  
o r i g i n  oaks appear t o  be vigorous and well-posi- 
t ioned  enough t o  reach t h e  f o r e s t  canopy. I n  t h e  
mixed hardwood s t a n d s ,  where pre-harvest  oak 
advance regenera t ion  was numerous bu t  extremely 
small  i n  s t a t u r e ,  t h e  emergence of some yellow- 
popla r  and blackgum stems from t h e i r  c u r r e n t  sub- 
o r d i n a t e  p o s i t i o n s  t o  occupy gaps i n  t h e  canopy i s  
expected. 

A f t e r  wi tness ing  oak development and s t a n d  
development i n  t h e  V i r g i n i a  Ridge and Valley over  
t h e  p a s t  f o u r  y e a r s ,  we regard t h e  problems and 
prospec ts  of s u c c e s s f u l  oak regenera t ion  t o  be 
three-parted,  On exposed s lopes  and r i d g e s ,  and 
s t e e p  sou th  and s o u t h s e s t  a s p e c t s  (SI  @50 and l e s s )  
oak advance regenera t ion  stems a r e  no? p l e n t i f u l ,  
e i t h e r  because of competi t ion from er icaceous  
shrubs ,  poor seedbed c o n d i t i o n s ,  animal p r e d a t i o n ,  
o r  a h o s t  of o t h e r  p o s s i b i l i t i e s .  The problem 
f o r  oak s i l v i c u l t u r i s t s  on such s i t e s  i s  s e e d l i n g  
es tab l i shment  p r i o r  t o  h a r v e s t ,  wi th  l i t t l e  regard  
f o r  a t t a i n i n g  g r e a t  s e e d l i n g  s i z e .  On backslopes 
of e a s t  and sou theas t  aspec t  (SI  50-651, adequate 

50 oak advance regenera t ion  of s u f f x c i e n t  s t a t u r e  i s  
g e n e r a l l y  p resen t  t o  produce f u l l  s tock ing  of oak 
e a r l y  i n  s tand  development. These s i t e s  pose few 
oak regenera t ion  problems. I n  cove and toe-slope 
p o s i t i o n s ,  and poss ib ly  on n o r t h  and n o r t h e a s t  
a s p e c t s  (SIS070 and g r e a t e r ) ,  oak advance regenera-  
t i o n  may be numerous i f  an adequate seed source  
e x i s t s .  However, t h e s e  i n d i v i d u a l s  tend t o  be very  
smal l ,  and w i l l  be a t  a disadvantage i n  t h e  extremely 
competi t ive post-harvest  environment on good s i t e s .  
The s i l v i c u l t u r a l  cha l lenge  on good s i t e s  i s  t o  
n u r t u r e  seed l ings  of cons iderab le  s i z e  p r i o r  t o  
h a r v e s t .  Our r e s u l t s  i n d i c a t e  t h a t  oak advance 
regenera t ion  stems a half-meter o r  so i n  h e i g h t  
have a reasonable chance of s u r v i v a l ;  however, 
t h e i r  long-term competi t iveness  and a b i l i t y  t o  
even tua l ly  emerge a s  dominants i n  t h e  s tand  i s  y e t  
unknown. I n  o rder  t o  i n t e g r a t e  t h e  s i t e - s p e c i f i c  
n a t u r e  of oak regenera t ion  problems, f u t u r e  s t u d i e s  
should inc lude  some cons idera t ion  of v a r i a b i l i t y  
among s i t e s .  
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Abstract . - -Recent  abandonment of a g r i c u l t u r a l  bottomlands 
i n  West Tennessee bas opened many new a r e a s  of productive 
land f o r  i n t e n s i v e  hardwood management, This  s tudy examined 
3 s p e c i e s ;  swee tgm,  green ash,  and sycamore; 2 seed sources 
f o r  sweetgum and sycamore; and 3 c u l t u r a l  t rea tments ;  ferti- 
l l z a t i a n ,  d i sk ing ,  and mowing t o  d e t e r n i n e  which combina- 
t i o n ( ~ )  would be b e s t  s u i t e d  t o  these si tes.  

A f t e r  3 growing seasons,  green ash showed a 98 percent 
s u r v i v a l  r a t e  while  sweetgum a i d  sycamore both had 93 
percen t  s u r v i v a l .  Surv iva l  f o r  a l l  3 s p e c i e s  combined w a s  
h igher  i n  disked p l o t s  (97%) than i n  mowed (92%) o r  c o n t r o l  
p l o t s  (94%).  F e r t i l i z a t i o n  and seed source  had no e f f e c t  
on s u r v i v a l .  

Height growth f o r  a l l  3 s p e c i e s  was s i g n i f i c a n t l y  
increased  by f e r t i l i z a t i o n  and d i s k i n g ,  The growth of 
green ash was inc reased  by 25 percent  wi th  f e r t i l i z a t i o n  
whi le  sycamore and swee tgm growth was increased  by 19 and 
16 percen t ,  r e s p e c t i v e l y .  Gains r e s u l t i n g  from d isk ing  
were 52 percen t  f o r  sycamore, 50 percen t  f o r  green ash, 
and 26 percen t  f o r  sweetgun?. F e r t i l i z a t i o n  and Br-ilskhng 
combined, d i d  n o t  i n c r e a s e  he igh t  growth over  d i s k i a g  
a lone .  Plowing and seed source had no e f f e c t  on he igh t  
growth, 

P l a n t a t i o n s  of e i t h e r  sweetgram, green ash ,  o r  sycamore 
would produce s t a n d s  of g r e a t e r  va lue  than  by naeura i  
regenera t ion .  However, s i g n i f i c a n t  g a i n s  I n  he igh t  
growth mag be achieved by f e r t i l i z a t i o n  and even more by 
d i sk ing  . 

INTRODUCTION 

The h igh  economic r e t u r n  g e n e r a l l y  r e a l i z e d  
from soybean product ion over  t h e  p a s t  decade, 
has  r e s u l t e d  i n  t h e  c l e a r i n g  of many s tands  
of bottomland hardsJoods along t h e  Miss i s s i p p i  
River  and i t s  t r i b u t a r i e s ,  FJhile t h i s  p r a c t i c e  
has been economically s u c c e s s f u l  on upper 
t e r r a c e s ,  c rops  have f r e q u e n t l y  been l o s t  by 
f looding  on First bottoms, Repeated crop l o s s e s  

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 m t a ,  Georgia, November 
4-5, 1982. 

Z / ~ r a d u a t  e Research A s s i s t a n t ,  P rofessor ,  
and Research Assoc ia te ,  r e s p e c t i v e l y ,  Department 
of F o r e s t r y ,  W i l d l i f e  m d  F i s h e r i e s ,  Univers i ty  
of Tennessee, b o x v i l l e ,  TN 37901, 

on t h e s e  s i tes have resul ted  i n  t he  abandonment 
of s i g n i f i c a n t  acreages along t r i b u t a q  s t reams 
i n  Vest Tmnessee  (Parsons 1.982 313'. Without 
management t h e s e  h igh ly  produc t ive  s i t e s  comonly  
r e s t o c k  t o  low value bottomland hardwoods such as 

L , )  and r i v e r  b i r c h  

The a v a i l a b i l i t y  s f  these highly produc t ive  
l ands  f o r  forestry u s e  provides a unique oppor- 
t u n i t y  t o  meet the i n c r e a s i n g  demand f o r  hardwood 
pulp,  fuelwood and logs for veneer and lumber. 
Their previous use for agrFcul ture  makes them 
r e a d i l y  assessibie for c u l t u r a l  t rea tments  t o  
ixnprove s u r v i v a l  and growth, 

?i'Personal interview w i t h  David. B. Parsons,  
F i sh  and W i l d l i f e  Biologist, U,S, Department of 
the  I n t e r i o r ,  Fish and Wildlife Service. 



Although q u a n t i t a t i v e  d a t a  on t h e  e f f e c t s  of 
c u l t u r a l  t rea tments  on t h e  s u r v i v a l  and growth of 
bot tovland hardwoods is l i m i t e d ,  many f o r e s t  
m n a g e s s  are beginning t o  i n t e n s i f y  t h e i r  manage- 
ment of t h e s e  s p e c i e s  (Kennedy 1981). Severa l  
promising c u l t u r a l  t rea tments  t e s t e d  t o  d a t e  a r e  
f e r t  i l i z a t i o a ,  mowing and d i sk ing  , 

b o n i u r n  n i t r a t e  app l ied  a t  150 pounds per  
a c r e  increased  t h e  volume growth of a s ix-year-  
013 cottonwood / d e l t o i d e s  L.) p l a n t a t i u n  
by 200 percen t  (Blackmon and White 1972). 
Sauc ie r  and Ike (1969) also found t h a t  n i t r o g e n  
f e r t i l i z a t i o n  i r ~ p r s v e d  t h e  growth of sycamore 
(Platanus o c c i d e a t a l i s  L , )  and d id  n o t  have 
adverse e f f e c t s  on wood p r o p e r t i e s .  

Mowing and d i sk ing  have been used i n  
i n t e n s i v e  h a r h o o d  c u l t u r e  p r i m a r i l y  t o  f r e e  
s e e d l i n g s  from t h e  aggressive herbaceous 
c o a p e t i t i o n  t h a t  g e n e r a l l y  develops on t h e s e  
s i t e s ,  Kennedy (1981) found t h a t  d i sk ing  
increased  t h e  he igh t  growth of green a s h  (Fraxinus 

* Marsh,) by 130 percent  whi le  mowing 
had no s i g n i f i c a n t  e f f e c t .  Sun- iva l  w a s  a l s o  
s i g n i f i c a n t l y  higher i n  d i sked  p l o t s  a s  compared 
t o  e i t h e r  mowed o r  cont ro l  plots. 

This s tudy  w a s  e s t a b l l s b e d  t o  e v a l u a t e  t h e  
e f f e c t i v e n e s s  of t h e s e  t h r e e  c u l t u r a l  t rea tments  
on t he  survival and growth s f  s e l e c t e d  hardwood 
s p e c i e s  considered t o  be d e s i r a b l e  f o r  p l m t i n g s  
on the  bo t ton lands  of West Tennessee. A s  an 
i n i t i a l  step t o  t h i s  s tudy ,  sycamore, green ash 
and sweetgum ( s t y r a c i f u l a  L. ) were 
selected due t o  t h e i r  h igh  va lue  on l o c a l  markets 
and s e e d l i n g  a v a i l a b i l i t y .  Other s p e c i e s  w i l l  be 
added a s  seed l ings  become a v a i l a b l e .  

A g r i c u l t u r a l  l ands  on t h e  f loodpla in  of a 
t r i b u t a r y  t o  t h e  Wolf River i n  Southwest 
Tennessee were s e l e c t e d  f o r  t h e  s tudy.  These 
f i e l d s  were fanned f o r  soybeans u n t i l  1979. 
Flooding w a s  not  an annual  problem, however, it 
occurred o f t e n  enough t h a t  continued cropping was 
considered r i sky .  Soils were s i l t  loams i n  which 
pH ranged from 5.G t o  6 .6 ,  S o i l  t e s t s  showed t h a t  
phosphorus and potassium l e v e l s  were low f o r  
a g r i c u l t u r a l  purposes, 

Four  r e p l i c a t i o n s  of a s p l i t - p l o t ,  randomized 
complete block design i n  which f i v e  s p e c i e s l s e e d  
s o u r c e  combinations (sycamore, green ash, and 
s n e e t g m  from t h e  Virginia c o a s t a l  p l a i n  and sweet- 
gum and sycamore from the  L o u i s i m a  Gulf Coast) 
were t e s t e d ,  with f e r t i l i z a t i o n  as t h e  main t r e a t -  
ment w h i l e  d i sk ing  and mowing were t e s t e d  a t  t h e  
sub-plot l e v e l .  

r epresen ted  i n  each main t reatment  p l o t  a s  randomly 
l o c a t e d  sub-plots  of 150 s e e d l i n g s  p lan ted  i n  f i v e  
30-tree rows on a 10 f o o t  by 10 f o o t  spacing,  
S ince  previous s t u d i e s  have shown t h a t  f e r t i l i z a t i o n  
a t  p l a n t i n g  t ime s i g n i f i c a n t l y  decreases s u r v i v a l  
(Buekner and Yaki 1977),  f e r t i l i z e r  was randomly 
a p p l i e d  a t  t h e  beginning of t h e  second growing 
season t o  one of t h e  two main-treatment p l o t s  i n  
each r e p l i c a t i o n .  The t h r e e  sub-plot t r e a t m e n t s  
(mowing, d i s k i n g  , and c o n t r o l )  were randomly 
appl ied  i n  each main t reatment  p l o t  a t  r i g h t  
ang les  t o  t h e  spec ies / seed  source  p lan t ings .  

F e r t i l i z a t i o n  w a s  app l ied  a t  t h e  r a t e  of 3-50 
pounds of e lemental  n i t r o g e n  per  a c r e  and 35 
pounds of e lementa l  phosphorus p e r  a c r e ,  S p e c i f i c  
f e r t i l i z e r s  used were amonium n i t r a t e  and t r i p l e  
super  phosphate. Disking and mowing were done 
s imultaneously a t  i n t e r v a l s  t h a t  would g e n e r a l l y  
keep competing v e g e t a t i o n  below 2 t o  3 f e e t  i n  
he igh t .  Th is  requ i red  5 t o  6 mowingldisking 
o p e r a t i o n s  p e r  y e a r  which began i n  Apr i l  of t h e  
f i r s t  season fol lowing p l a n t i n g  and was cont inued 
throughout each growing season of t h e  s tudy p e r i o d ,  

Surv iva l  and t r e e  h e i g h t s  ( t o  n e a r e s t  0 .5 
f o o t )  were measured a t  t h e  end of t h e  t h i r d  growing 
season fol lowing p l a n t i n g .  S t a t i s t i c a l  s i g n i f i -  
cance was eva lua ted  a t  t h e  95 percent  confidence 
l e v e l .  

RESULTS 

Survival  

A f t e r  t h r e e  growing seasons,  s u r v i v a l  was 
above 90 percent  f o r  a l l  t reatment  combinations. 
This  h igh  s u r v i v a l  is  of p a r t i c u l a r  s i g n i f i c a n c e  
because of adverse weather condi t ions  during t h e  
Summer of 1980, t h e  growing season fol lowing 
p l a n t i n g .  Record high t q e r a t u r e s  and drought  
made t h i s  an excep t iona l ly  poor growing season,  
r e s u l t i n g  i n  t h e  widespread f a i l u r e  of r e c e n t l y  
e s t a b l i s h e d  f o r e s t  p l a n t a t i o n s .  

There were no s i g n i f i c a n t  s u r v i v a l  d i f f e r a c e s  
among t h e  5 s p e c i e s l s e e d  source  combinations. 
Green ash had t h e  b e s t  s u r v i v a l  (98%), whi le  i t  w a s  
the  same f o r  sweetgum and sycamore (93 percen t ) .  
S l i g h t l y  lower s u r v i v a l  i n  f e r t i l i z e d  p l o t s  
( 9  3 percen t )  w a s  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  from 
t h a t  i n  u n f e r t i l i z e d  p l o t s  (95 p e r c e n t ) .  F e r t i l i z a -  
t i o n  a t  p l a n t i n g  time followed by t h e  adverse 1980 
growing season would l i k e l y  have r e s u l t e d  I n  much 
g r e a t e r  m o r t a l i t y  from t h i s  t rea tment .  Surv iva l  
was 97 percen t  i n  disked p l o t s ,  94 percent  f o r  
t h e  c o n t r o l s ,  and 92 percent  i n  mowed p l o t s .  This 
s t a t i s t i c a l l y  s i g n i f i c a n t  s u r v i v a l  advantage i n  the  
d i sked  p l o t s  was probably r e l a t e d  t o  improved 
wate r  a v a i l a b i l i t y  a s  seed l ings  became e s t a b l i s h e d  
during t h e  1980 drought. 

Seedl ings were plan ted  i n  t h e  Spring of 1980, 
The 5 spec ies / seed  sources  being t e s t e d  were 



Height Growth 

Since seed source d i d  no t  s i g n i f i c a n t l y  
in f  Luenee he jgh t  growth w i t h i n  a s p e c i e s ,  
he igh t  measurements f o r  sweetgm and s y c m o r e  
from t h e  t w o  sources  were combined, 

Sycs-ore was t h e  f a s t e s t  growing of t k e  
spec ies  t e s t e d  wi th  a mean he igh t  of 9.0 f e e t  
a f t e r  t h r e e  growing seasons.  This was s i g n i f i -  
c a n t l y  t a l l e r  than  e i t h e r  green ash  (6.1 f e e t )  
o r  sweergunt (5.4 f e e t ) ,  between which growth 
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 .  

The he igh t  growth of a11 t h r e e  s p e c i e s  was 
s i g n i f i c a n t l y  increased  by f e r t i l i z a t i o n  
(Table 1). The g r e a t e s t  response was i n  green 
ash where f e r t i l i z e d  t r e e s  were 25 percen t  t a l l e r  
than t h o s e  n o t  f e r t i l i z e d .  F e r t i l i z e r s  s t i m u l a t e d  
sycamore and sweetgum growth by 19 percen t  and 
I 6  percen t ,  r e s p e c t i v e l y .  Even w i t h  f e r t i l i z a t i o n  
t h e  mean h e i g h t s  of green ash (6 .7  f e e t )  and 
sweetgum (5.9 f e e t )  were cons iderab ly  l e s s  than 
t h a t  of u n f e r t i l i z e d  sycamore (8.2 f e e t ) .  

For a l l  t h r e e  s p e c i e s  d i sk ing  s i g n i f i c a n t l y  
s t imula ted  growth over  t h e  o t h e r  sub-plot t r e a t -  
ments (Table 2 ) -  Response was g r e a t e s t  f o r  
sycamore (52 percen t )  followed by green a s h  
(50 p e r c e n t )  and sweetgum (26 p e r c e n t ) ,  I.loding 
d i d  not  s i g n i f i c a n t l y  i n f l u e n c e  he igh t  growth 
for any of t h e  t h r e e  s p e c i e s  t e s t e d .  

Table 1.--Mean h e i g h t s  of 3-year-old sweetgum, 
green ash ,  and syca lore  for f e r t i l i z e d  and 
c o n t r o l  p l o t s .  

Species  F e r t i l i z e d  Control  Di f fe rence  (%) 
( f e e t )  ( f e e t )  ( f e e t )  

Sy carno r e  9 .7  8-2 1-5 (19) 
Green Ash 6.7 5 ,4  1 , J  (25) 
Sweet gum 7.0 4 , Q  1.0 616) 

Table 2.--Mean h e i g h t s  of 3-year-old sweetgum, 
green ash ,  and sycamore i n  mowed, disked,  and 
c o n t r o l  p l o t s .  

Species  Control  Mowed (*) Disked (*) 
( f e e t )  df e e t )  ( f e e t )  

Sweet gum 5.0 4 . 7  (-6) 6 .3  (26) 
Green Ash 5 - 2  5.2 ( 13) 7.8 (50) 
Sycamore 7.7 7.5 (-2) Il. 7 (52) 

*Percent change i n  he igh t  as compared t o  c o n t r o l  
p l o t  means. 

F igure  1 provides a comparison of t h e  response 
of t h e  t h r e e  s p e c i e s  t o  t h e  six combinations of 
c u l t u r a l  t rea tments  t e s t e d .  In  genera l ,  

SMELTGUM %;;REEN ASH SYCAMORE SPECZES 

Fig. 1. Mean height of 3-yea d sweetgum, green 
ash, and sycamore after s 

ization, disking, and mowing. 



a r r m g m e n t  is according t o  increas ing  response,  
c l e a r l y  i n d i c a t i n g  t h a t  mowing had L i t r l e  o r  no 
e f f e c t  when a p p l i e d  a l o n e  o r  i n  c o d i n a t i o n  with 
f e r t i l i z a t i o n ,  Applied alone, both f e r t i l i z a t i o n  
and d i s k i n g  significantl3- increased he igh t  growth 
f o r  all t h r e e  species. There was, however, 
no s i g n i f i c a n t  growth advantage from combining 
d i sk ing  and f e r t i l i z a t i o n ,  especia l ly  f o r  sycamore. 

Since a f t e r  3 growing seasons ,  survival 
r a t e s  f o r  green ash, sweetgm,  and sycamore were 
high f o r  a l l  t rea tments  t eseed ,  a l l  m u l d  provide 
f u l l y  s tocked stands f a r  the bottomlands of West 
Tennessee, 

Disking appears  to be t he  most e f f e c t i v e  
c u l t u r a l  t reatment  f o r  iacreas i n g  t h e  early 
growth r a t e  of a l l  s p e c i e s ,  GLLtkougk d i s k i n g  i s  
more expensive than e i t h e r  mowing o r  f e r t i l i z a t i o n ,  
i t  can e s s e n t i a l l y  double  height growth a f t e r  t h r e e  
seasons f o r  s e l e c t e d  species (e,g, sycamore). For 
f e r t i l i z e d  and/or  d i sked  sycamore, crown c l o s u r e  
will be essentially completed by the end of the  
f o u r t h  growing season, This will e l i m i n a t e  t h e  
need f o r  a d d i t i o n a l  treatments t o  con t ro l  
competing vegetation, 

F e r t i l i z a t i o n  also stimulated height 
growth f o r  a l l  three species, Although &isk ing  
produced caller trees, &be high cost  of the 
repeated on-s i te  activity r e q ~ i r e d  f o r  its 
e f f e c r i v e  application niay make fertilization more 
economically f e a s i b l e .  There does not appear t o  
be any s i g n i f i c a n t  growth advantage from app ly ing  
bo th  t rea tments .  

Mowing d i d  no t  s i g n i f i c a n t l y  i n c r e a s e  e i t h e r  
s u r v i v a l  or he igh t  growth f o r  any of t h e  s p e c i e s  
tested, It d i d  change t he  conposition of competing 
v e g e t a t i o n  from bread Leaf weeds t o  f a s t  growing 
g r a s s e s ,  This probably increased competition for 
water  and n u t r i e n t s  such that  decreased competi t ion 
f o r  surmlight d i d  no t  produce the growth g a i n s  
m t i c i p a t e d ,  POP t h e  condi t ions  tested i n  thds  
s tudy ,  mowing is no t  a recornended practice, 

The r e s u l t s  of this study suggest t h a t  t h r e e  
management intensities can be practically 
considered f o r  e s t a b l i s h i n g  hardwoods cn abandoned 
agricultural Lands In West Tennessee, Simply 
p l a n t i n g  t o  one sf  the three species tested would 
e s t a b l i s h  a stand of desirable hardwoods t h a t  
should develop i n t o  a forest of s u p e r i o r  composi- 
tion and stocking, % i s  would not  occur i f  n a t u r a l  
regenera t ion  were relied upon f o r  stand e s t a b l i s h -  
ment, 

A h igher  l e v e l  of management would be t o  
f e r t i l i z e  p l a n t a t i o n s  a t  t h e  beginning of t h e  
second growing season. This  should r e s u l t  i n  a 
s i g n i f i c a n t  improvement i n  he igh t  growth f o r  t h e  
t h r e e  s p e c i e s  t e s t e d ,  especially f o r  green ash. 
T h i s  c o d i n a t i o n  r e q u i r e s  two treatment  o p e r a t i o n s  
but  would l i k e l y  r e s u l t  i n  f u r t h e r  ga ins  over  
p l a n t i n g  a lone  i n  tha t  s t a n d  c l o s u r e  would occur  
e a r l i e r ,  This would reduce t h e  time period over  
which t h e r e  i s  i n t e n s i v e  competi t ion from 
herbaceous weeds. 

A f u r t h e r  g a i n  can be r e a l i z e d  by d i s k i n g  
four o r  f i v e  t i m e s  during the growing season 
f o r  t h e  f i r s t  t h r e e  seasons fol lowing p l a n t i n g .  
While d i sk ing  appears  t o  e l i m i n a t e  the need f o r  a 
f e r t i l i z e r  t rea tment ,  i t  does r e q u i r e  repea ted  
v i s i t s  t o  t h e  p l a n t a t i o n  f o r  s e v e r a l  y e a r s ,  
a f t e r  which s t a n d  c l o s u r e  should be s u f f i c i e n t  
t o  e l i m i n a t e  t h e  need f o r  f u r t h e r  t reatment .  
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WERSTORY LIGHT INTENSITY 

2 / Jim L. Chambers and Michael W. Jenkins 

Abstract.--The relationship between understory light levels 
and several stand characteristics and thinning intensities was 
studied in five bottomland hardwood species-types. A total of 50 
half-acre plots were thinned by removing 0, 12, 24, 36, 48, and 60 
percent of the basal area. Light levels were measured in the 
understory of each plot 6 times during the full leaf portion of 
the growing season. Percent-thin, percent-crown cover and 
residual basal area were highly correlated with light levels in 
the understory. Both percent-thin and percent-crown cover may be 
useful in making management decisions. 

INTRODUCTION 

Understory light intensity in hardwood 
stands has been shown to have a major impact on 
the growth and survival of planted seedlings, 
natural seedlings, and herbaceous plants (Logan 
1965, Carvell 1966, McGee 1968, Ashby 1976, Duba 
and Carpenter 1980). Numerous investigators have 
studied the relationships between various types 
and levels of thinning and light levels within 
forest stands. Several of these studies have 
related understory light levels to size of 
opening produced from thinning or patch clear- 
cutting (Jackson 1959, Minckler 1961, and Marquis 
1965). 

Working in upland hardwood stands having a 
limited range of basal areas, Minckler (1961) 
found understory light levels to be closely 
related to residual basal area in the stand. 
Ashton (1958) indicated that second-story 
vegetation density significantly affected the 
amount and kind of understory light. Ovington 
and Madgwick (1959) noted a reduction in light 
levels at the forest floor as canopy depth 
increased. 

Little information is available illustrating 
the effects of thinning on understory light 
levels in bottomland hardwood stands, even though 
infomation concerning the effects of thinning on 
understory light levels in bottomland hardwood 

stands would be a valuable aid in planning for 
natural regeneration. Such knowledge could also 
be utilized to favor certain understory tree 
species, or to modify overstories serving as 
nurse crops for newly planted seedlings. It could 
also be used to evaluate the effects of thinning 
practices on production of wildlife food species. 

The objectives of the paper are to: (1) 
discuss the relationships of understory light 
levels to several overstory stand characteristics 
and thinning intensities in five bottomland 
hardwood species-types and (2) describe the 
potential uses of these variables in determining 
the levels of thinning necessary for successful 
natural and artificial hardwood regeneration. 

METHODS AND PROCEDURES 

Study Areas , 

Study plots were chosen from four areas in 
Louisiana. Areas chosen included the Louisiana 
State University (LSU) Ben Hur Research Farm and 
the LSU Burden Research area near Baton Rouge in 
south central Louisiana, the LSU Idlewild 
Experiment Station near Clinton in south central 
Louisiana, and LSU School of Forestry and 
Wildlife &nagement Lee Memorial Forest near 
Sheridan in the east central part of the state. 

Plot Selection 
I/ Paper presented at Southern Silvicul- 

tural- Research Conference, Atlanta Georgia, Initial reconnaissance of the study areas 
November 4-5, 1982. yielded five potential species-types (based on 

2 1  The authors are Associate Professor and species dominance) that could be included in the 
~radu>e Research Assistant, School of Forestry study, Within each species-type, ten half-acre 
and Wildlife Management, Louisiana State (0.20 ha) plots were selected over a broad range 
University, Baton Rouge, LA 70803. of available basal areas. All vegetation with a 



dbh (diameter a t  4.5 f t , I .  3 m, above t h e  ground) 
of l e s s  than 4.0 inches  (10.0 cm) was removed by 
sever ing  t h e  stem n e a r  ground l i n e ,  Removal of 
small  stems was done t o  e l i m i n a t e  t h e  second- 
s t o r y  v e g e t a t i o n  f o r  an underp lan t ing  s tudy t o  
t ake  p l a c e  on t h e s e  p l o t s .  Locat ion of t r e e s  
g r e a t e r  than 4.0 inches  (10 cm) dbh was mapped 
f o r  each p l o t .  The dbh and b a s a l  a r e a  of each 
t r e e  was included on t h e  p l o t  maps t o  a i d  i n  t h e  
th inn ing  process .  

Five l e v e l s  of th inn ing  were app l ied  t o  each 
species- type.  P l o t s  were t o  be thinned by 
removing 12, 24, 36, 48, and 60 percen t  of t h e  
p l o t  b a s a l  a r e a  from one p l o t  r e s p e c t i v e l y  f o r  
each species- type.  Using p l o t  maps, th inn ing  
was planned t o  maintain r e l a t i v e  s p e c i e s  compo- 
s i t i o n  on each p l o t  and t o  evenly d i s t r i b u t e  t h e  
b a s a l  a r e a  removal a c r o s s  each p l o t ,  

Measurements 

A f t e r  p l o t s  were thinned,  t h e  c e n t e r  one- 
q u a r t e r  a c r e  (0.10 ha)  of each p l o t  was d e l i n -  
ea ted  on t h e  ground f o r  t h e  measurement of l i g h t  
l e v e l s  w i t h i n  t h e  p l o t .  Light  measurements were 
taken a t  25 s y s t e m a t i c a l l y  spaced (25 X 25 f t ,  
7.6 X 7.6 m) sample l o c a t i o n s  on each p l o t .  A 
LI-COR model LI-185 l i g h t  meter and quantum 
sensor  were used t o  measure l i g h t  l e v e l s  i n  t h e  
p h ~ t o ~ $ n t h e t i c a l l y  a c t i v e  range (0.4 t o  0.7 p E 
m s ) .  The l i g h t  measurement per iod  extended 
from 10 August 1981 t o  5 September 1981 and from 
1 June 1982 t o  20 J u l y  1982. Light  measurements 
were gathered on each p l o t  once during each two 
week per iod  f o r  a t o t a l  of s i x  sampling days on 
each p l o t .  A l l  l i g h t  measurements were made 

between 9:30 am and 2:30 pm C.S.T. t o  reduce t h e  
e f f e c t s  of ad jacen t  unthinned f o r e s t  a r e a s ,  On 
each sample day, f u l l  l i g h t  was determined by 
tak ing  t h e  average of l i g h t  readings made i n  t h e  
open before  and a f t e r  l i g h t  was measured i n  each 
f o r e s t e d  p l o t .  

T o t a l  h e i g h t ,  depth of l i v e  crown and dbh 
were measured f o r  each t r e e  l e f t  on each p l o t  
a f t e r  thinning.  A s p h e r i c a l  densiometer (Lemon 
1956) was used t o  determine t h e  percen t  crown 
cover on each p l o t .  Densiometer readings were 
taken a t  t h e  25 l i g h t  measurement l o c a t i o n s  on 
each p l o t  and an average va lue  was then calcu-  
l a t e d  f o r  each p l o t .  

RESULTS AND DISCUSSION 

Based on measurements from t h e  50 exper i -  
mental p l o t s  over  5 species- types a broad range 
of s t a n d  condi t ions  and th inn ing  i n t e n s i t i e s  were 
included i n  t h i s  s tudy  (Table 1 ) .  The broad 
range of d a t a  included i n  t h i s  s tudy should make 
t h e  r e s u l t s  a p p l i c a b l e  over  a broad range of 
condi t ions .  

General th inn ing  guides o f t e n  s p e c i f y  
c u t t i n g  t o  c e r t a i n  b a s a l  a r e a s  f o r  a given s t a n d  
age and s i t e  index based on a percent  of t h e  
maximum achievable  b a s a l  a r e a  a p a r t i c u l a r  
s p e c i e s  n a t u r a l l y  o b t a i n s .  Since b a s a l  a r e a s  f o r  
n a t u r a l  s t a n d s  of p rev ious ly  cutover  timber o f t e n  
vary  widely,  we decided t o  look a t  t h e  r e l a t i o n -  
s h i p  between unders to ry  l i g h t  l e v e l s  and b a s a l  
a r e a  on t h e  25 unthinned p l o t s  used i n  t h i s  
s tudy.  A p l o t  of t h e  unders to ry  l i g h t  l e v e l s  a s  
a percen t  of t h e  l i g h t  i n  t h e  open (percent  

Table 1. Range and mean of s e v e r a l  s tand  c h a r a c t e r i s t i c s  f o r  50 measurement p l o t s  i n  bottomland hardwood 
s tands  included i n  t h e  s tudy.  

Percent  Light  l e v e l s  Thinning Crown Average Crown Pre-thinning Number 

Light  Above Canopy Leve 1 Cover Stand Height Depth Basal  Area of Trees  
S t a t i s t i c  

i n  i n  i n  i n  i n  meters  i n  mete rs  i n  m2 ha-' p e r  ha 
a /  ,-2s-1 Understory- percentk/ percen t  ( f e e t )  ( f e e t )  ( f t 2 a c - l )  (ac )  

52.1 
14.6 6.4 19.8 

Minimum 2.4 202.8 0.0 
3 25 

(47.8) (21.0) (86.2) (131) 

80.9 
17.9 8.6 34.5 

18.1 
474 

Mean 18.8 1662.0 (58.7) (28.3) (149.6) (191) 

93.6 
22.1 10.7 46.2 

Maximm 90.1 2215.0 64.6 
695 

(72.5) (35.1) (201.0) (281) 

a/Understory l i g h t  a s  a percent  of l i g h t  measured i n  t h e  open. 

j ? ' ~ h i n n i n ~  l e v e l s  a s  a percen t  of t h e  b a s a l  a r e a  removed. 



light) against basal area in the unthinned plots 
indicated little if any relationship between 
these variables (Figure 1). Correlation analysis 
between these variables resulted in a correlation 
(r) of 0,019. A test of the null hypothesis, 
that correlation coefficient was equal to zero, 
could not be rejected at the 0.05 alpha level 
(probability = 0.81). 

Next the effects of thinning on percent- 
light in the understory were examined. A 
correlation matrix was developed between percent- 
light and all of the measured stand character- 
istics (Table 2). The stand variables most 
highly correlated with percent-light in the 

understory in the thinned plots were percent-thin 
(percent of basal area removed) (r=0.789), per- 
cent-crown cover (r=-0,786), and residual basal 
area (r=0.697). Significant differences in 
correlation coefficients were found by pairwise 
t-tests of the correlation between percent light 
in the understory and the three most highly 
correlated variables. The correlation coef- 
ficient between percent-light and percent-thin 
was significantly higher (a=0.05) than between 
percent-light and residual basal area. The 
correlation coefficient between percent-light and 
percent-crown cover was also significantly higher 
(a=0.05) than between percent-light and residual 
basal area. The correlation coefficients between 

10 20 30 U D 50 

BRSRL RRER OF UNTHINNED P L O T S  

LEGEND: TYPE +-++ 1 *.-a* 2 fa-e-Q 3 +-+* U -* 5 

Figure 1.--Plot of percent light in the understory against basal 
area in the unthinned plots for five species types. 



Table 2, Correlation coefficients (top number) and level of significance (bottom number) among measured 
stand characteristics for all five species-types, 

Percent Percent Percent Total Dbh Crown Crom Basal Area Number of Stems 

Light Thin Crow Height Height Depth Pre-thin Residual Pre-thin Residual 

Percent 1,000 
L i g h t  * 0000 

Percent 
Thin 

Percent 
Grown 

T o t a l  
Height 

Crown 
Height 

Crown 
Depth 

Pre-thinnlng 
Basal Area 

Residual. 
Basal Area 

Number sf 
Stems Before 

Thf nning 

Number of 
Stems After 
Thinning 

p e r c e n t - l i g h t  and percent-thin was not signifi- 
cantly d i f f e r e n t  from t h e  correlation between 
percent-light and persent-crown cover (a=0.05). 
Therefore, percent-thin and percent-crown cover 
are p o t e n t i a l l y  better predictors of understory 
l i g h t  and are more closely related to it in 
thinned stands than residual basal area. 
Correlation coefficients between percent-light 
and the three nos t highly correlated independent 
var iables  for each species-type are presented in 

The high correlatfon between percent-thin 
and percent-light in the understory could make 
this relationship useful in determining appro- 
priate thinning levels necessary to obtain 
desirable understory light levels for a variety 
c f  purposes ,  Bot tomlaad hardwood stands with 
widely d i f f e r e n t  basal areas can and often do 
have relatively complete crown cover. Therefore, 
the percent of the basal area removed and per- 
cent-crown cover remaining are much better 
indicators of the amount of light able to 
penetrate through the canopy in thinned stands 
than the actual basal area remaining. 

Since, percent-thin is easier to apply and 
requires only a calculation of basal area, we 
believe it would be a better choice than 
percent-crown cover as a predictor of understory 
light levels in thinned stands. 

Although there was appreciable variation in 
understory light levels spatially, diurnally and 
over the growing season, understory light levels 
as a percent of light in the open provided a 
meaningful comparison of light levels under 
different stand conditions and thinning regimes, 
Many factors influence light levels in the forest 
understory, However, when second-story vege- 
tation was removed from the stands in this study, 
percent-thin and percent-crown cover accounted 
for more of the variation In understory light 
levels than any other tested stand character- 
istics. 



Table 3 ,  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
r e l a t i o n s h i p  between percen t  l i g h t  I n  under- 
s t o r y ,  and percen t - th in ,  percen t -c rom 
cover ,  and r e s i d u a l  b a s a l  a rea .  

Percent  Residual 
~ ~ e c i e s - ~ ~ ~ & /  Percegy Crown Basal 

T h i w  Cover Area 

Red Maple- 
Green Ash- 0,77 -0-78 0.66 

Swaq Tupelo 
(n=Jo) 

Swee tgum- 
Blue-Beech 0.73 -0.71 0.69 

(n=30) 

h e r i c a n  Beeeh- 
Swamp Tupelo- 0.88 -0.84 0,8L 

Spruce Pine 
fn=30) 

Swamp Tupelo- 
Sweetbay 0.86 -0.86 0.86 

(n=30) 

MilldrLiquidambar s t y r a c i f l u a  

s t y r a c i f l u a  L.-Carpinus 
c a r o l i n i a n a  Walt, 

v a r  . 

v a r  . b i f  l o r a  (Malt*. ) Sarg . - 
L. 

bi Thinning l e v e l s  a s  a  percen t  of t h e  b a s a l  a r e a  
removed, 

C/ n = number of observa t ions  

I f  c e r t a i n  l e v e l s  of l i g h t  a r e  d e s i r a b l e  i n  
t h e  unders to ry ,  percen t - th in  requ i red  t o  approach 
t h e s e  Light l e v e l s  could be p r e d i c t e d  from t h e  
r e l a t i o n s h i p s  between l i g h t  and th inn ing  in ten-  
s i t i e s ,  Fur tbemose ,  percent-crown cover may 

have d i s t i n c t  advantages i n  assess ing  t h e  need 
f o r  r e t h i n n i n g ,  s i n c e ,  percen t  crown cover w i l l  
i n c r e a s e  a s  c r o m s  spread t o  t ake  advantage of 
t h e  room Left  by th inn ing ,  More research  is  
needed concerning t h e  r e l a t i o n s h i p  between rate 
s f  canopy c l o s u r e  and unders to ry  l i g h t  l e v e l s ,  

Residual b a s a l  area was not  as h i g h l y  
c o r r e l a t e d  t o  percen t - l igh t  i n  t h e  unders to ry  
because of d i f f e r e n c e s  in i n i t i a l  s tand  b a s a l  
a r e a s  and p o s s i b l y  crown c losure .  For t h i s  
reason i t  is  suggested t h a t  f o r  s t a n d s  wi th  
cons iderab le  v a r i a t i o n  i n  b a s a l  a r e a s  bu t  f u l l  
crown c l o s u r e  t h a t  pcrcen t - th in  o r  percent-crown 
cover would probably be b e t t e r  p r e d i c t o r s  of 
understory S igh t  l e v e l s  than r e s i d u a l  b a s a l  area. 
P u r t h e m o r e ,  t h e  g r a c t l c e  of c u t t i n g  back t o  a  
given basa l  a r e a  can have h igh ly  v a r f a b l e  a f f e c t s  
on unders to ry  Light l e v e l s  i n  bottomland hardwood 
s tands .  
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COKPOSITION AND C CTERZSTICS OF ADVmCE REPRODUCTION 

1% THE PURE YELLOW-POPLAB COWONENT OF COVE 

11 I M  THE SOUTHERR APPALACHIANS-- 

2 / Lino Della-Bianca- 

Abstract.--Thirty-six even-aged s t a n d s  of pure yellow- 
popla r  (Lir iodendron t u l i p i f e r a  L , ) ,  which were thinned 15 
y e a r s  before  a t  age 60 y e a r s  o r  o l d e r ,  were s t u d i e d  t o  
determine k ind ,  amount, and he igh t  of advance reproduct ion.  
The reproduc t ion  c o n s i s t e d  of 24 tree s p e c i e s  which were 
over  4.5 f e e t  t a l l .  T o t a l  b a s a l  a r e a  i n  s a p l i n g s  ranged 
from 9.8 t o  11.5 f t 2 / a c r e ;  stem numbers ranged from 778 t o  
1,516 s tems/acre.  Timber s p e c i e s  accounted f o r  26, 31, and 
53 percen t  of t h e  s a p l i n g  b a s a l  a r e a s  on land of s i t e  index 
( f e e t  a t  age 50) 90, 100, and 110, r e s p e c t i v e l y .  Average 
d.b.h, f o r  timber s p e c i e s  was 0 .9 ,  1.5, and 1.6 inches  on 
si te index 90, 100, and 110, r e s p e c t i v e l y .  The number of 
s a p l i n g s  of timber s p e c i e s  ranged from 288 t o  604 stems/ 
a c r e ,  and t h e  advance reproduct ion would b e s t  be typed as 
cove hardwoods. ~ l o w e r i k ~  dogwood (Cornus f l o r i d a  i . ) w a s  
t h e  most abundant and f r e q u e n t l y  occur r ing  species on a l l  
s i t e s .  On s i t e s  100 and 110 yeilow-popla; ranked second t o  
f lowering dogwood i n  b a s a l  a r e a ;  on si te 90 sweet b i r c h  
(Betula  l e n t a  L.)  was t h e  second most prominent s p e c i e s  i n  
both s t e m  numbers and b a s a l  a r e a .  Neizht of t h e  280 ta l les t  - 
s a p l i n g s  p e r  a c r e  averaged 22.4 f e e t  and ranged from 10.7 t o  
36.8 f e e t .  S i t e  index had on ly  a very  s l i g h t ,  almost neg- 
l i g i b l e ,  e f f e c t  on he igh t  of advance reproduc t ion  bu t  over- 
s t o r y  d e n s i t y  a f f e c t e d  s a p l i n g  he igh t  cons iderab ly ;  advance 
reproduc t ion  a t  t h e  lowest r e s i d u a l  b a s a l  a r e a  was 8 f e e t  
t a l l e r  than a t  t h e  h i g h e s t .  

I n t e n s i v e  management of yellow-poplar s t a n d s  
causes  development of advance reproduc t ion ,  which 
w i l l  have t o  be reckoned wi th  a t  t h e  time of t h e  
f i n a l  h a r v e s t .  The probable composition and s i z e  
of such reproduct ion is not  known, bu t  a t  f i n a l  
h a r v e s t ,  two o p t i o n s  may e x i s t .  A l l  advance re -  
product ion might be c u t  t o  t h e  ground o r  i t  might 
be l e f t  t o  form a new s tand  of q u a l i t y  t imber .  
Much depends upon t h e  s p e c i e s  composition. 

Thi r ty -s ix  evea-aged, pure yellow-poplar 
s t a n d s  t h a t  had been thinned repea ted ly  were ap- 
proaching h a r v e s t a b l e  age and were a v a i l a b l e  f o r  
t h i s  s tudy.  The s tands  had been thinned 15 years 
before ,  when they were 60 y e a r s  o ld  o r  more. In  
t h i s  paper I r e p o r t  conelusions drawn from obser-  
v a t i o n s  i n  t h e s e  s t a n d s ,  And from sampling da t a ,  
e s t i m e e s  a r e  given of t h e  kind,  amount, and 
he igh t  of t r e e  species comprising advance repro- 
duc t ion  i n  t h e s e  s tands .  

I /  Paper p resen ted  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 
4-5, 1982. 

2 1  S i l v i c u l t u r i s t ,  USDA Fores t  Serv ice ,  
~ o u t h z a s t e r n  Fores t  Experiment S t a t i o n ,  Ashevi l l e ,  
N.C, 

One 0,25-acre c i r c u l a r  plot c o r r e c t e d  f o r  
s l o p e  w a s  loca ted  i n  each of 36 s t a n d s  i n  t h e  
Southern Appalachians from Georgia t o  V i r g i n i a ,  
Each p l o t  was surrounded wi th  a 33-foot b u f f e r  
zone thinned I n  t h e  same m n n e r  as t h e  p l o t ,  
Advance reproduct ion of a l l  s p e c i e s  was c u t  t o  
ground l e v e l  i m e d i a t e l y  a f t e r  th inn ing .  Residual 
b a s a l  a r e a  ranged from 50 t o  130 f t 2 / a c r e  f o r  the 



site index 90 and 100 p l o t s ,  and 50 t o  150 f o r  
s i t e  index 110 p l o t s .  

Two randomly l o c a t e d  0,025-acre c i r c u l a r  
s u b p l o t s  were used t o  a s s e s s  development of 
understory v e g e t a t i o n  i n  t h e  thinned p l o t s .  The 
subplo t  c e n t e r s  were randomly loca ted  i n  t h e  major 
p l o t  w i t h i n  a c i r c u l a r  zone which had maximum and 
minimum r a d i i  of 40 and 20 f e e t ,  r e s p e c t i v e l y ,  t o  
ensure  t h a t  t h e  s u b p l o t s  would be contained en- 
t i r e l y  w i t h i n  t h e  major p l o t .  Within each sub- 
p l o t ,  t h e  s p e c i e s  and d.b.h. of every s a p l i n g  
(stem over  4.5 f e e t  t a l l )  was recorded.  Each stem 
i n  sprou t  clumps and a l l  s i n g l e  stems were t a l -  
l i e d ;  no maximum s i z e  was s e t  f o r  t h e s e  stems 
t h a t  had developed s i n c e  th inn ing .  I n  a d d i t i o n ,  
t o t a l  h e i g h t  of t h e  7 t a l l e s t  s a p l i n g s  per  sub- 
p l o t  (280 s a p l i n g s  p e r  a c r e )  was measured t o  
approximate t h e  number of f u t u r e  crop t r e e s .  

Mul t ip le  r e g r e s s i o n  was planned f o r  a n a l y s i s  
of t h e  b a s i c  f i e l d  d a t a ,  bu t  s c a t t e r  diagrams and 
low R* v a l u e s  f o r  s i x  r e g r e s s i o n  equa t ions  showed 
t h e  f u t i l i t y  of such an a n a l y s i s .  Accordingly, 
t h e  d a t a  were s t r a t i f i e d  i n t o  s i t e  index c l a s s e s  
of 90, 100, and 110 f e e t  a t  age 50 years  and pre-  
sen ted  i n  t a b u l a r  form, 

RESULTS 

Sapl ings  of 24 t r e e  s p e c i e s  occurred on t h e  
36 p l o t s .  Tables  1 and 2 p r e s e n t  dens i ty  r e l a -  
t i o n s h i p s ,  composition, and frequency by s i t e  f o r  
s t e m  numberslacre and b a s a l  a r e a l a c r e ,  respec-  
t i v e l y .  Numbers of s a p l i n g s  decreased wi th  
i n c r e a s i n g  s i t e  q u a l i t y  because f a s t e r  s t e m  growth 
on t h e  b e t t e r  s i t e s  increased  m o r t a l i t y  due t o  
suppress ion ,  

Table 1.--Density and frequency r e l a t i o n s h i p s  by si te f o r  advance reproduc t ion  i n  
thinned even-age yellow-poplar s t a n d s  60 y e a r s  o r  o l d e r .  
7- t i 

S p e c i e s  

S l t e  90 

(N = 1 4 )  

R e l a t  ivr R e l a t i v e  R e l a t i v e  1 Densi ty  d e n s i t y  Freq. I Densi ty  d e n s i t y  i r e q .  / Densi ty  d e n s i t y  Freq. 

No. s t e n s /  No. s tems/  No. s tems/  
a c r e  ~i I X X X I, -- a c r e  - - -  - a c r e  - -  - - 

S i t e  100 

(N = 13) 

Ash spp. 
(Frax inus  L. ) 11.4 0.5 2 9 12.3 0 . 8  2 3 4.4 0 .4  22 

S i t e  110 

(W = 9) 

Black c h e r r y  
(Prunus s e r o t i n a  Ehrh. ) ! .4 0.1 7 -- -- -- -- -- -- 

Black l o c u s t  
(Robin ia  p s e u d o a c a c i a  
i.) 62.9  3 .0  57 43.1 2 .8  46 68.4 5.8 44 

Black oak 
Q e r c s  l t i n  L a .  5.7 0 . 3  7 -- -- -- -- -- -- 

E a s t e r n  hemlock 
(Tsuga   an ad ens is (1". ) 
C a r r .  f 50.4 2.4 2 4 3.1 0.2 8 6 .7  0 .6  1 I 

Flowering dogwood 
n u  f l o r i d  L .  1 ,415 .7  66.6 86 912.3 58.3 92 720.0 60.0 78 

Hickory spp .  (w N u t t . )  50.0 2 .4  64 10. 8 0 .7  3 1 33.3 2 .8  44 

Nor thern  r e d  oak  
(Quercus r u b r a  L . )  27 .1  1.3 2 9 4.6 0 . 3  23 6 .7  0 .6  2 2 

Red = p i e  
(Acer rubruzn L.  > 15.7 0 .7  4 3 27.7 1.8 46 17.8 1.5 2 2 

Sugar maple 
(Acer s a c c h a r u s  Marsh.j  -- -- -- 50.8 3.3 15 -- -- -- 
Sweet b i r c h  

(Betu la  l e n t a  L . )  -- 342.9 16.1 5 7 32.3 2.1 46 18 .1  78 217.8 

m i t e  basswood (u heteerpphy l l a  
Vent.)  -- -- -- 3.1 0.2 8 2.2 0.2 I 1  

'&ice oak 
(Quercus L. ) 4.3  3.2 2 1 -- -- -- 4.4 0.4 11 

f e liow-pop l a r  
(Li r iodendron  
t u l i p i f e r a  L . j  32.9 1.6 5 7 100.0 6.4 85 57.8 4 .8  67 

o t h e r  li 99.6 4.8 -- 360.0 23.1 -- 57.7 4 . 8  -- 

T o t a l  2,120.0 100.0 1 ,560 .1  100.0 1,197.7 100.0 

. , 
Other  i n c l u d e s :  h r ~ c a n  c h e s t n u t  {Castanea d e n t a t a  <Harsh. > Rorkh. ), American hnrnbeam (Carp inus  c a r o l i n i a n a  Walt .), 

biacLgum (- sy1vatli.a Warsh. 1, b d t t e r n u t = s z a  L.f  , C a r o l i n a  s i l v e r b e l l  ( H a l e s i a  c a r o l i n a  L.) , cucumberr ree  
(Piagnni iil acu- ina ta  1 .) , eas t e rn  hophornheam bstr a vi=d ( P i i l l . )  K. Xnch), F r a s e r  s i i w i r a  f r a s e r i  Wal t . ) ,  
s a c s a i r a s  ( E a s s a f r a 3  aloidum ( N u i t . )  Ncrr), snurvdiud (Oxyrj.i~*ndrt,m a rbnrerm (I..) DC) ,  sp ice-bush  (~indera-ph=z=) Bluine.), -- P 

wild grape  qpp. fm L . ) .  



Table 2.--Basal a r ea  r e l a t i onsh ips  by s i t e  f o r  advance reproduction i n  thinned even-age 
yellow-poplar s tands  60 years  o r  o lder .  

I I I 
1 S i t e  90 I S i t e  100 1 S i t e  110 

I (N = 14) I (N = 13) 1 (N = 9 )  
Relat ive  I Relat ive  1 Relat ive  

Species 1 Basal area  basal  a r ea  I Basal area  basal  a r ea  I Basal a r ea  basal  area  

Ash spp. 
(Fraxinus L.) 0.1280 1.31 0.0160 0.14 0.0120 0.11 

Black cherry 
( P r u n u ~  se ro t ina  Ehrh.) 0.0060 0.06 

Black locust  
(Robinia 
pseudoacacia L.) 0.4040 4.14 0.7200 6.24 1.4240 13.47 

Slack oak 
(Quercus ve lu t i na  Lam.) 0.0080 0.08 -- -- -- -- 

Eastern hemlock 
(Tsuga canadensis 
fL.1 Carr.) 0.2900 2.97 0.0120 0.10 0.0140 0.13 

Flowering dogwood 
(Cornus f l o r ida  L. ) 5.7200 58.67 6.3920 55.40 4.6300 43.80 

Hickory spp. 0.1080 1.11 0.0320 0.28 0.2140 2.02 
(- Nutt.) 

Northern red oak 0.2200 2.26 0.0240 0.21 0.1360 1.29 
(Quercus rubra  L.) 

Red maple 0.0600 0.62 0.2500 2.17 0.2860 2.71 
(Acer rubrum L.) 

Sugar maple 
(Acer saccharum Marsh.) - 

Sweet b i r ch  
(Betula l e n t a  L.) 0.9660 9.91 0.0520 0.45 1.1940 11.30 

White basswood (u heterophyl la  
Vent. ) -- -- 0.0700 0.61 0.0004 0.01 

Wliite oak 
(Quereus a lba  L.) 0.0240 0.25 -- -- 0.0080 0.08 

Yellow-poplar 
(Liriodendron 
t u l i p i f e r a  L . )  0.3560 3.65 2.0480 17.76 2.2860 21.63 

Other 1.4600 14.97 1.6148 14.02 0.3640 3.45 

Total  9.7500 100 .OO 11.5328 100 .OO 10.5684 100.00 

-1' Other includes: American chestnut  (Castanea den t a t a  (Marsh.) Borkh.), American hornbeam (Carpinus 
carol iniana Walt.),  blackgum (Nyssa sy lva t i ca  Marsh.), bu t t e rnu t  (Juglans c ine rea  L.), Carolina s i l v e r b e l l  (Halesia 
ca ro l ina  L.) ,  cucumbertree (Magnolia acuminata L.), e a s t e rn  hophornbeam (Ostrys vi rginfana (H i l l . )  K .  Koch). Fraser  
magnolia (Magnolia f r a a e r i  Walt.),  s a s sa f r a s  (Sassafras  albidum (Nutt.) Nees), sourwood ( ~ v d e n d r u m  arboreum fL.)  
DC.), spice-bush (Lindera benzoin ( L . )  Blume.), wild grape spp. (e L.). 

Basal a rea  of advance reproduction ranged 
from 9.8 t o  11.5 f t 2 / ac re .  It and the  proport ion 
of it i n  timber species increased with s i t e  index. 
Timber spec ies  made up 26, 31, and 53 percent  of 
t he  sapl ing  basa l  a r ea  on s i t e s  90, 100, and 110, 
respect ive ly .  Tree spec ies  making up l e s s  than 
1 percent  of the  basa l  a r ea  included American 
chestnut ,  black cherry,  blackgum, black oak, 
but te rnut ,  Carolina basswood, eas tern  hophorn- 
beam, and white oak. The average d.b.h. f o r  sap- 
l i n g s  of timber species was 0.9, 1.5, and 1.6 
inches on s i t e s  90, 100, and 110, respect ive ly ;  
f o r  o ther  spec ies  i t  was 0.9, 1.1, and 1.1 inches. 

Flowering dogwood.--Flowering dogwood was 
the  most abundant and common species i n  advance 
reproduction on a l l  s i t e s ,  it averaged 1,060 
stemslacre and occurred on 86 percent of t he  
p lo t s .  The basa l  a r ea  i n  flowering dogwood 
averaged 5.7 f t 2 / ac re ,  and made up 54 percent  of 

Yellow-poplar.--Yellow-poplar sapl ings  were 
not  present  on 31 percent of t he  study p l o t s ,  
even though from 16 t o  74 percent of t he  over- 
s to ry  yellow-poplar t r e e s  had been cut  i n  thin-  
ning these  p a r t i c u l a r  p lo t s .  Where yellow-poplar 
reproduction was present ,  i t s  sapl ings  ranged 
from 20 t o  340 stems/acre i n  p l o t s  from which 6 
t o  75 percent  of t he  t r e e s  were cu t .  

Abundance of yellow-poplar reproduction in- 
creased with s i t e  index, and averaged 60 stems/ 
ac re  with a frequency of 70 percent ,  Basal a r ea  
i n  yellow-poplar averaged 1.4 f t2 /acre ;  i t s  
r e l a t i v e  basa l  a rea  was 13 percent .  On s i t e  100 
where yellow-poplar was most abundant, t he  r e l a -  
t i v e  dens i ty  of timber spec ies  was l e a s t ,  amount- 
ing  t o  only 18 percent of t he  reproduction. On 
s i t e s  100 and 110, yellow-poplar ranked second t o  
flowering dogwood i n  basa l  area.  

s ap l ing  basa l  area.  



Sweet birch,--Sweet b i r c h  was t h e  second 
most prominent s p e c i e s  on s i t e  90 i n  bo th  stem 
numbers and b a s a l  a rea .  Its frequency was 58 
percen t ,  and an average of 199 s temslacre  were 
presen t .  

Black locust.--Black l o c u s t  ranked t h i r d  i n  
b a s a l  a r e a  t o  f lower ing  d o g ~ ~ o o d  and a f t e r  
yellow-poplar on s i t e s  100 and 110. Its b a s a l  
a r e a  averaged 0.8 f t 2 / a e r e ,  which was 7 percen t  
of s a p l i n g  b a s a l  a r e a ,  

Northern r e d  oak.--Frequency of occurrence 
of nor thern  r e d  oak was r e l a t i v e l y  c o n s i s t e n t  by 
s i t e ,  averaging 25 percen t .  On s i t e  90 i t s  
abundance was g r e a t e s t ,  averaging 27 s temslacre ;  
bu t  on sites 100 and 110 abundance averaged only 
5 and 7 s temslacre ,  r e s p e c t i v e l y .  Surv iva l  of 
advance reproduc t ion  on high-qual i ty  sites ap- 
p e a r s  l i m i t e d .  

The o t h e r  s p e c i e s  (Tables 1 and 2) showed 
no c o n s i s t e n t  p a t t e r n  of abundance by site. 
Many of t h e s e  s p e c i e s ,  which were never  abundant, 
occurred f r e q u e n t l y  on s i t e s  90 and 100, They 
occurred i n f r e q u e n t l y  on s i t e  110, These s p e c i e s  
included American c h e s t n u t ,  American hornbeam, 
ash ,  b lack  cher ry ,  blackgum, b lack  oak, b u t t e r -  
n u t ,  whi te  basswood, Caro l ina  s i l v e r b e l l ,  
e a s t e r n  hophornbeam, F r a s e r  magnolia, sourwood, 
and whi te  oak. 

Composition of a l l  advance reproduct ion of 
t imber  s p e c i e s  only is  shown by s i t e  index i n  Table 
3 .  Although a11 s t a n d s  were c l a s s i f i e d  a s  n a t u r a l  
yellow-poplar before  th inn ing  and were 100 percen t  
yellow-poplar a f t e r  t h i n n i n g ,  i t  is apparent  t h a t  
f u t u r e  s t a n d s  w i l l  have a mixture of s p e c i e s  t h a t  
might be c l a s s e d  as  cove hardwoods. 

S i g n i f i c a n t  e f f e c t s  of s i t e  and s tand d e n s i t y  
on h e i g h t ,  b a s a l  a r e a ,  and abundance of advance 
reproduct ion were sought through c o r r e l a t i o n  analy-  
sis. Neither  r e s i d u a l  b a s a l  a r e a  nor  number of 
t r e e s ,  nor  r a t i o s  of t h e  same us ing  r e s i d u a l l i n i -  
t i a l  v a l u e s  as independent v a r i a b l e s ,  appeared t o  
be even moderately c o r r e l a t e d  wi th  b a s a l  a r e a  o r  
stem numbers of advance reproduc t ion .  S i t e  index 
had on ly  a  very  s l i g h t ,  almost n e g l i g i b l e ,  e f f e c t  
on he igh t  of advance reproduc t ion .  Residual  b a s a l  
a r e a ,  however, d i d  a f f e c t  he igh t  of advance repro-  
duc t ion  r a t h e r  s t r o n g l y ;  a t  t h e  lowest r e s i d u a l  
b a s a l  a r e a  advance reproduc t ion  was some 8 f e e t  
t a l l e r  than a t  t h e  h i g h e s t .  

The r e l a t i o n s h i p  between average he igh t  o f  
t h e  t a l l e s t  280 s a p l i n g s l a c r e  and t h e i r  composi- 
t i o n  appears  i n  Figure 1; s a p l i n g s  averaged 22.4 
f e e t  t a l l  wi th  a range of 10.7 t o  36.8 f e e t .  
Flowering dogwood was t h e  most abundant s p e c i e s ,  
and excep t ing  b lack  l o c u s t  and sweet b i r c h  on s i t e  
90, i t  was a l s o  t h e  s h o r t e s t .  Yellow-poplar was 
t h e  t a l l e s t  s p e c i e s  on a l l  s i t e s ,  bu t  only s l i g h t l y  

SITE  INDEX 

100 - 

Figure 1.--Average he igh t  and composition of t h e  t a l l e s t  s a p l i n g s  of advance re -  
product ion 15 y e a r s  a f t e r  th inn ing  yellow-poplar s t a n d s  60 y e a r s  o r  o l d e r  i n  
t h e  Southern Appalachians. Abbreviat ions a r e :  DOG f lowering dogwood, LOC b lack  
l o c u s t ,  RM r e d  maple, SAS s a s s a f r a s ,  YP yellow-poplar,  SOU sourwood, SBI sweet 
b i r c h ,  OTH inc ludes :  s i t e  90, American c h e s t n u t ,  nor thern  red  oak, e a s t e r n  
hophornbeam, ash  spp. ,  Caro l ina  s i l v e r b e l l ,  white  oak, e a s t e r n  hemlock, F r a s e r  
magnolia; s i te  100, sourwood, sweet b i r c h ,  nor thern  r e d  oak, e a s t e r n  hsphornbeam, 
ash  spp.,  Caro l ina  s i l v e r b e l l ,  white  basswood, sugar maple, spice-bush; s i t e  110, 
American c h e s t n u t ,  nor thern  red  oak, a s h  spp , ,  e a s t e r n  hemlock, hickory spp. 



Table 3.--Composition of advance reproduc t ion  of timber t r e e s  by s i t e  i n  thinned 
even-age yellow-poplar s t a n d s  60 y e a r s  o r  o l d e r .  

Spec i e  s S i t e  index 

90 100 110 90 100 110 
N = 1 4  N=13 N=9 N=14 N-13 N=9 

Ash spp. (Fraxinus L.)  

Black cherry  (Prunus s e r o t i n a  Ehrh.) 

Black l o c u s t  (Robinia pseudoacacia L.) 

Black oak (Quercus v e l u t i n a  Laxi.) 

Carr . ) 
Hickory spp. (Carya Nut t . )  

Northern red oak (Quercus rubra  L.) 

Red maple (Acer rubrunr L.) 

Sugar maple (Acer saccharurn Marsh. ) 

Sweet b i r c h  (Betula  l e n t a  L.) 

White basswood ( T i l i a  heterophyl la  Vent.) 

White oak (Quercus a l b a  L . )  

Yellow-poplar (Liriodendron t u l i p i f e r a  L . )  

Basal a r ea  (percent)  

5.0 0.4 0.2 

0.2 0.0 0.0 

15.7 20.4 25.6 

0.3 0.0 0.0 

11.3 0.3 0.2 

Number of t r e e s  (percent)  

1.9 4.3 1 .0 

0.2 0.0 0.0 

10.4 15.0 16.4 

0.8 0.0 0.0 

8.3 1.1 1.6 

Tota l  100.0 100.0 100.0 100.0 100.0 100.0 

so;  complete overs to ry  r e l e a s e  would r e s u l t  i n  
i t s  r a p i d l y  assuming g r e a t e r  crown dominance. 
Figure L a l s o  i n d i c a t e s :  ( 1 )  a t r e n d  toward 
cove hardwoods dominated mainly by yellow-poplar,  
and (2) f lowering dogwood was r e v e r t i n g  t o  an 
understory s p e c i e s  a s  reproduc t ion  approached 
p o l e  s i z e .  

DISCUSSION 

Numbers of t imber- t ree s a p l i n g s  appear t o  be 
s u f f i c i e n t  t o  regenera te  t h e s e  p l o t s  i n  most 
i n s t a n c e s ,  bu t  t h e r e  a r e  two n o t a b l e  except ions:  
(1) a r e a s  heav i ly  browsed f o r  s e v e r a l  y e a r s  
a f t e r  th inn ing ,  and (2)  a r e a s  i n  which g r a s s e s  
and f e r n s  developed s t r o n g l y  a f t e r  th inn ing ,  and 
which were a l s o  heav i ly  browsed. Overa l l ,  num- 
b e r s  of t imber- t ree s a p l i n g s  ranged from 288 t o  
604 s temslacre .  A f t e r  t h e  h a r v e s t  c u t ,  some 
a d d i t i o n a l  s p r o u t s  and s e e d l i n g s  w i l l  appear;  and 
some m o r t a l i t y  w i l l  occur  through logging,  but  
sprou t ing  should r e p l a c e  such l o s s e s .  The new 
reproduc t ion  should prosper  because of d i r e c t  
i n s o l a t i o n  and a p r o t e c t e d  s o i l  s u r f a c e  favorab le  
f o r  moisture r e t e n t i o n  and a v a i l a b i l i t y .  

wood, sourwood, spice-bush, and rosebay rhododen- 
dron w i l l  be r e l e g a t e d  t o  t h e  understory.  A f t e r  
complete r e l e a s e ,  yellow-poplar,  e s p e c i a l l y ,  can 
be expected t o  make r a p i d  he igh t  and diameter  
growth (Williams 1976). Sweet b i r c h  is a s t r o n g  
competi tor  w i t h  yellow-poplar i n  t h i s  advance re- 
product ion,  a s  is  b lack  l o c u s t  (Table 3 ) .  I n  
t ime,  however, both s p e c i e s  a r e  expected t o  r e v e r t  
t o  in te rmedia tes ,  o r  a t  b e s t  low codominants, i n  
competi t ion w i t h  yellow-poplar.  

Any d e c i s i o n  on t reatment  of advance repro-  
duc t ion  must await  t h e  regenera t ion  c u t ,  I n  many 
c a s e s ,  it would be unwise t o  e l i m i n a t e  most,  i f  
any, of t h e  l a r g e r  d e s i r a b l e  sap l ings .  S p e c i a l  
c a r e ,  however, should be taken by loggers  dur ing  
f e l l i n g  and sk idd ing  t o  minimize sap l ing  damage. 
A f t e r  logging,  s e r i o u s l y  damaged s a p l i n g s  should 
be c u t  t o  ground l e v e l  t o  encourage resprou t ing .  
A second age c l a s s  of reproduct ion w i l l  develop 
a f t e r  logging,  bu t  it should n o t  be d e t r i m e n t a l  
t o  t h e  s a p l i n g  c l a s s  now presen t .  The younger 
stems w i l l  s e r v e  t o  r e i n f o r c e  development of re -  
product ion,  e s p e c i a l l y  i n  l a r g e r  ~ p e ~ i n g s ,  and 
w i l l  se rve  a s  t r a i n e r s  t o  a i d  i n  n a t u r a l  pruning 
of l a r g e r  sap l ings .  

The major unanswered ques t ion  is: What 
e f f e c t  w i l l  t h e  73 percen t  component of advance LITERATURE CITED 
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THE IESFLUENCE OF DIFFERENT SLTE 

ON NATURAL REGENERATION IN BO 

Jon T. Morrissey and Andrew W. ~zel2. 

Abstract.--An evaluation of first-year natural regeneration 
of East Texas bottomland hardwoods was conducted on three ten- 
following site preparation treatments: shear; shear and broadcast 
burn; total injection; partial injection; control. Vegetation 
data was collected from intensive pre-harvest and first-year 
growing season inventories. Analysis showed a significant dif- 
ference between treatments on the amount of first-year sweetgum 
regeneration. Also, first-year species composition differed 
from both the pre-harvest overstory and advance regeneration 
compositions. The number of desirable species (sweetgum and 
oaks) and total species significantly increased from pre-harvest 
regeneration levels. 

INTRODUCTION 

High-quality hardwoods are becoming increas- 
ingly depleted. Since the early 1950's Grade 2 
quality and better logs have decreased by almost 
fifty percent (McKnight 1966). While the avail- 
ability of quality logs has decreased, there has 
been an increase of low value, poor-quality trees. 
In East Texas, eighty percent of the hardwood saw- 
timber is of Grade 3 quality and lower (Woessner 
1971). To improve this situation, intensive 
silvicultural methods must be initiated. Proper 
artificial and natural regeneration offer possibi- 
lities for hardwood stand improvement. 

Artificial regeneration may result in increased 
volume yield since the arrangement, composition, 
and the genetic quality of a stand are closely con- 
trolled (Smith 1962). The benefits are reduced 
due to the possibility of mistakes in choosing 
species and varieties that are unsuitable to the 
environment. The role of widespread hardwood 
plantations offers potential for the future but 
expensive and continually rising establishment 
costs currently override substantial resource con- 
tributions. 

I/ Paper presented at Southern Silvicultural 
Research Conference , Atlanta, Georgia, November 
4-5, 1982. 

2f Graduate Research Assistant and Assistant 
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Natural regeneration offers a practical 
alternative to improve the quality of East Texas 
hardwoods. Hardwoods regenerate naturally through 
use of clearcutting, seed-tree, shelterwood and 
selection cutting methods. Of these, clearcutting 
has the greatest application for naturally regene- 
rating southern hardwoods (Kellison, Frederick and 
Gardner 1981). Clearcutting initiates stump sprout- 
ing and favors seedling establishment of intolerant 
species. Unfortunately, clearcutting also stimu- 
lates growth of undesirable intolerant species. To 
reduce this competition and increase the survival 
probability of desirables, site preparation methods 
should follow clearcutting. Successful site pre- 
paration methods for natural hardwood regeneration 
are chop, shear and chemical injection. Roller- 
drum chopping, as compared to shearing, reduces 
slash with less environmental impact but also re- 
duces the stump and root sprouting ability of de- 
sirable species. Shearing promotes stump sprout- 
ing and reduces residual undesirables such as vines 
(Kellison, Frederick and Gardner 1981). Injection 
reduces undesirable advance reproduction and sprout- 
ing through application of herbicides to specific 
unwanted individuals. 

The objectives of this study were to evaluate 
the effects of clearcutting and different site 
preparation techniques on bottomland hardwood re- 
generation in East Texas, and to correlate pre- 
harvest stand species composition to post-harvest 
first-year hardwood regeneration. 



Shear vs. Shear and Burn 

The Study Area 

Three ten-acre study units were established 
on a f i r s t - l eve l  terrace of the Neches River 
bottom i n  southeastern Tyler County, Texas. The 
units are located a t  the Forest Lake Experimental 
Research Area, owned and operated by Temple-Eastex, 
Inc. 

The area encompassing the three ten-acre 
units is  approximately a seventy year old bottom- 
land stand comprised mostly of oaks and sweetgum 
on the Bibb s o i l  series.  This s o i l  se r ies  is  
typically a nearly level,  poorly drained flood- 
plain with acidic surface and subsurface clay 
so i l .  The area receives over 50 inches per year 
i n  precipitation i n  which flooding may occur. 
Periodic flooding is restr ic ted t o  localized 
drains. Flooding by the Neches River has been 
vir tual ly  eliminated by dam construction. 

The designated shear, and shear and burn areas 
were prepared by use of a K-G blade equipped Cater- 
p i l l a r  D-8 t ractor  i n  December 1981, Only one pass 
was necessary over each area. The sheared debris 
was l e f t  i n  place on both areas. Fire lanes were 
created around each shear and burn area by the 
blade equipped tractor.  Burning was conducted i n  
March 1982, on days suitable for  debris burning. 

Total vs. Par t i a l  Injection 

The l ive  stems remaining on the designated 
t o t a l  and pa r t i a l  injection areas were injected by 
spraying Tordon l O l R  i n  f r i l l s  created by the 
Sandvik Swedish brush axe. On t o t a l  injection 
areas, stems greater than 4.5 fee t  height were in- 
jected, while stems greater than 3.0 inches d.b.h. 
were injected on par t i a l  injection areas. Injection 
was completed by March 1982. 

First-Year Inventory Procedure 
Study Establishment Procedure 

The study area was determined t o  be clear- 
cut. Clearcutting has the widest application 
associated with regenerating species of intolerant 
nature. 

The s ize  of the clearcut units was s e t  a t  
10-acres. This s ize  probably would show the 
same resu l t s  as larger areas and was more econo- 
mically just i f iable  than smaller areas. 

Pre-Harvest Inventory Procedure 

A pre-harvest inventory of each uni t  was 
administered from May through July 1981, using 
f i f t y  evenly spaced sample points on s i x  para l le l  
transect l ines.  The overstory was evaluated for  
species composition and basal area. The sup- 
pressed (0.01-acre) and herbaceous (0.001-acre) 
layers were evaluated by using nested circular  
plots  around each plot  center. The amount of 
regeneration was recorded for each species pre- 
sent. After completion of the inventory, a l l  
t rees  of merchantable diameter s ize  were marked, 
cut and removed by Temple-Eastex, Inc. from 
August through October 1981. 

S i te  Preparation Procedure 

After the completion of harvest operations, 
each ten-acre uni t  was divided in to  ten square 
(3.2 x 3.2 chains) one-acre s i t e  preparation 
areas. Treatments chosen were shear, shear and 
broadcast burn, t o t a l  injection, par t i a l  injec- 
t ion and control. Each ten-acre uni t  consisted 
of t w o  repetit ions of the f ive treatments. Each 
treatment was randomly assigned and positioned 
for  each repetit ion. 

The 0.001-acre (mil-acre) circular plots  used 
before harvest were re-established. Data measured 
and t a l l i ed  was first-year:  species composition; 
origin (seedling or sprout);  heights ( to  nearest 
0.1 foo t ) ;  percent canopy cover; percent ground 
cover. Stumps were measured and ta l l i ed  for  sprout- 
ing ab i l i ty .  Stump diameter, height, species, and 
number of sprouts were recorded. The inventory 
was conducted during the f i r s t  two weeks of October 
1982. 

Analysis 

Analysis of variance was used t o  t e s t  fo r  
significant species composition ( t o t a l  and desired 
species) changes and differences i n  amounts of 
regeneration. Each t e s t  was tested a t  probability 
levels of 0.05 and 0.01. Individual t e s t s  conducted 
were: 1981 pre-harvest regeneration layer; 1982 post 
post-harvest first-year regeneration layer; between 
the 1981 and the 1982 regeneration layers; 1982 
s i t e  preparation treatments. Post-harvest regene- 
ration was further tested by analysis of variance 
for  significant differences between each s i t e  pre- 
paration treatment by height of regeneration and 
origin. A l l  analysis of variance models were con- 
sidered fixed. 

RESULTS AND DISCUSSION 

1981 Pre-Harvest Growing Season 

Overstory Layer 

The basal area overstory inventory suggests a 
dominance of commercially desirable species (oaks 
and sweetgum) (Table 1). Oaks and sweetgum comprised 
54 percent and 24 percent, respectively of the mean 
t o t a l  70 f t m 2  of basal area per acre. Basal area 
for  Blocks 1, 2 ,  and 3 was 65, 77, and 68 f t .  2 / ~ .  , 
respectively. 



T&le I.--Preharvest overstory spec ies  composition. 

BLOCK 

SPECIES 2. 2 3 

---% of Total  Basal Area---- 

Water Oak 20.4 24.9 32.6 

Swee t g w  18. 9 19.5 33.7 

Willow O a k  18.9 11.2 9.7 

Cherrybark O a k  9.1 2.6 9.1 

Overcup Oak 5.2 5.5 0.9 

Swamp Chestnut Oak 2.1 4.9 1.8 

Other Oaks 0.9 2.8 0.3 

Hornbeam 7.3  4.2 1.2 

Blackgum 3.7 4.7 2.6 

Other Species 13.5 19.7 8 .1  

*Average basa l  a r ea  per  acre .  

Volume f igu re s  provided by Temple-Eastex, Inc,  
indica ted  t h a t  approximately 5500 broad f e e t  per  
acre  of timber was c u t  during the  harves t  operat ion.  

Regeneration Layer 

Pre-harvest regenerat ion mil-acre p l o t s  re- 
vealed oaks and sweetgum t o  comprise 38 percent  of 
an average 2793 seedl ings  per  acre  (Table 2 ) .  The 
majori ty of  t he  remaining 62 percent  consisted of 
shade t o l e r a n t  species (hornbeam, American ho l ly ,  
hawthorn, Red maple) . 
Table 2.--Fre-harvest regenerat ion est imates f o r  

a l l  research blocks. 

BLOCK 
SPECIES 

L 2 3 

-------- # trees/A. ---------- 
A l l  Species 3740 2280 2360 

Swee tgum 400 661 121 

Oaks 44 2 563 11301. 

Sweetgm + Oaks 642 1224 1422 

1982 First-Growing Season 

The re-estilblisked regenerat ion p l o t s  revealed 
oaks and sweetgum to  comprise 34 percent  of an 
average of 6547 seedlings and sprouts per  acre  
(Table 3 ) .  A s  i n  t he  pre-hawest inventory, the  
majori ty of t he  remaining 66 percent  consisted of 
shade-tolerant  species (hawthorn, hornbeam, s l i ppe ry  
elm) - 

Table 3,--First-year regenerat ion est imates f o r  a l l  
research blocks, 

BLOCKS 

SPECIES 
1 2 3 

A l l  Species 6820 6300 6520 

Sweetgum 1957 1682 1402 

oaks 53 9 599 457 

Sweetgum Oaks 2496 2281 1859 

S i t e  Preparat ion Treatments 

Analysis of variance of t he  amount of sweet- 
gum regenerat ion showed a s i g n i f i c a n t  d i f ference  
between s i t e  preparat ion treatments (Table 4 ) .  
Sweetgum regenerat ion was 59 percent  higher o r  
p a r t i a l  i n j e c t i o n  areas  compared t o  cont ro l  a r ea s  
and over 600 percent  higher than t o t a l  i n j e c t i o n  
areas.  Oak regenerat ion appeared t o  decrease with 
an increase  of s i t e  preparat ion in t ens i ty .  Control  
a reas  had over 330 percent  more oaks than d i d  shear  
and burn areas .  

Table 4.--First-year regenerat ion est imates f o r  a l l  
s i t e  prepara t ion  treatments. 

TREATrnNT 

PARTIAL TOTAL 
SHEAR ' CONTROL 

INJECT INJECT SHEAR BURN 

-------------- # trees/A.--------------- 

A 1 1  Species 7855 4910 8510 4585 6875 

Sweetgum 2835* 460 2235 1100 1775 

Oaks 745 56 5 345 230 775 

Sweetgum c 3580 1023 2580 1330 2550 
Oaks 

* 
Sign i f i can t  d i f ference  a t  p robab i l i t y  l e v e l  0.01. 

Other ana lys is  of variance t e s t s  showed no 
d i f ferences  between s i t e  preparat ion treatment of 
spec ies  composition, amounts of t o t a l  spec ies  per  
acre ,  and indiv idual  spec ies  heights .  However, 
species seedl ing  o r  sprouting o r i g i n  was analyzed 
and showed s i g n i f i c a n t  d i f ferences  between s i t e  
t reatments.  Further an lys i s  probably w i l l  show 
sweetgum sprouting i s  ef fec ted  by d i f f e r e n t  s i t e  
preparat ion treatments (Table 5 ) .  



Table 5.--Origin of f i r s t - y e a r  regenerat ion stems. 

SPECIES SEEDLINGS SPROUTS 

Oaks 366 166 

1981 V s ,  1982 Regeneration 

Test  r e s u l t s  f o r  poss ib le  co r r e l a t i on  be- 
tween 1981 and 1982 regenerat ion were pr imar i ly  
obtained by analys is  of variance.  Average repro- 
duction per  acre  was t e s t e d  and found t h a t  1982 
reproduction s ign i f i can t ly  increased t o t a l  spec ies ,  
sweetgum, and sweetgum p lus  oaks from 1981 repro- 
duction l e v e l s  (Table 6 ) .  These d i f ferences  may 
be a t t r i b u t e d  t o  t he  sprouting a b i l i t y  of c e r t a i n  
species.  Sweetgum is  inherent ly  a more p r o l i f i c  
sprouter  than oaks. Sweetgum regenerat ion averaged 
2 sprouts  f o r  each seedl ing ,  while oaks averaged 
2 seedl ings  f o r  each sprout .  Percent  change of 
regenerat ion f o r  each s i t e  prepara t ion  treatment 
was formulated between both seasons (Table 7 ) .  

Table 6.--Comparison of pre-harvest and f i r s t -yea r  
stocking l eve l s  f o r  a l l  blocks. 

SPECIES 1981 1982 

~ 1 1  Species 2793 6547* 

Sweetgum 394 1681* 

Oaks 813 532 

Sweetgum + Oaks 1207 2213" 
- 

"Signi f icant  d i f ference  of p robab i l i t y  l e v e l  0.01. 

Table 7.--Percent change i n  pre-harvest and f i r s t -  
year regenerat ion stocking l eve l s  f o r  a l l  s i t e  
prepara t ion  treatments. 

TREATMENT 

PARTIAL TOTAL SHEAR, 
SPECIES INJECT INJECT SHEAR BURN 

CONTROL 

A l l  Species 290 100 125 7 5 2 70 

Sweetgum 7 50 70 270 265 280 

Oaks -38 0 -50 -74 10 

preharvest  overstory and herbaceous inventor ies  
showed oaks t o  comprise 54 percent  and 29 percent  
of t o t a l  composition respect ive ly .  The 1982 in-  
ventory showed oaks t o  comprise only 8 percent ,  

RY APJD CONCLUSIONS 

I n  1981, a mature oak-sweetgum stand was 
harvested a f t e r  an in t ens ive  overstory,  suppressed 
l aye r ,  and herbaceous l aye r  inventory was a m i n i s -  
te red .  During the  following dormant season s i t e  
prepara t ion  a c t i v i t i e s  were conducted. Another in-  
ventory followed t h e  1982 growing season. S i t e  
preparat ion had l i t t l e  s igni f icance  on amounts of 
new regenerat ion,  spec ies  composition, and spec ies  
heights .  However, sweetgum responded t o  p a r t i a l  
i n j e c t i o n  areas  159 percent  more than cont ro l  a r ea s  
and 600 percent  more than t o t a l  i n j ec t ion  areas .  

Species composition changed from an oak-sweet- 
gum stand i n  1981 t o  a sweetgum regenerat ion a r ea  
i n  1982. Oak declined by 30 percent  from the  pre- 
harves t  herbaceous inventory t o  t he  f i r s t -yea r  re-  
generat ion inventory. Oaks a l s o  progressively de- 
c l ined  with increased s i t e  preparat ion in t ens i ty .  

The r e s u l t s  of t h i s  study suggest t h a t  c l ea r -  
cu t t i ng  followed by l i g h t  i n t e n s i t y  s i t e  prepara t ion  
t r i l l  s u f f i c i e n t l y  regenerate a bottomland hardwood 
s i t e  i n  deep East  Texas. I t  is  important t h a t  t he  
o r i g i n a l  s tand have a high proport ion of mature de- 
s i r a b l e s .  O f  these  des i r ab l e s ,  some m11st  have pro- 
l i f i c  sprouting a b i l i t y  t o  assure  ea r ly  e s t ab l i sh -  
ment and subsequent dominance. 
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production may subsequently r e s u l t  i n  a mature 
stand of sweetgum ins tead  of oak. The 1981 



APPENDIX 

S c i e n t i f i c  and Comon Name of Wood Species 

S c i e n t i f i c  Name Common Name 

Aca h i ~ b n ~ n  L. 
C m p k ~  ~ o f i n i a m  W a l t .  
Ctrataegub 4pp. 
Ttex o p c a   it. 

b& 6@ha&d& L. 
Nyasa b y l v d t i u  Marsh. 
2 u m w  ljaecata vm. 

p g o d a e l j o k  EU. 
2uiY~cub ?ey& Walt. 
~uet~ciiA nicbrawGii Nutt. 
2uehcub nigm L. 
2uacua  p h a o a  L. 

Red Maple 
American Hornbeam 
~ a w t h o r n  
American Holly 
Sweetgum 
Blackgum 
Cherrybark Oak 

Overcup Oak 
Swamp Chestnut Oak 
Water Oak 
Willow Oak 

L't?ames bases on L i t t l e .  E lbe r t  L.. 1980. 3 
Audubon Society Fie ld  Guide t o  North America 
Trees. 



WATER OM REGENERATION I N  THE 

SOUTB'S UPUND BOTT 

2 1 John C.  Adams- 

Abstract.--Water oak (Quercus n i g r a  L.) i s  an  
important component of t h e  small  bottoms and hardwood pro- 
ducing s tands '  loca ted  i n  a r e a s  c l a s s i f i e d  a s  p i n e  types.  The 
s p e c i e s  is h igh ly  v a r i a b l e  and i n  n a t u r a l  s t a n d s  produces 
e x c e l l e n t  timber. P l a n t a t i o n  establ ishment  has no t  proven a s  
s u c c e s s f u l  a s  expected p r i m a r i l y  because of a problem wi th  
dieback and slow growth i n  t h e  two years  fol lowing p l a n t i n g .  
The r e s u l t  of t h i s  problem w i l l  be a con t inua t ion  of t h e  use 
of n a t u r a l  reproduct ion t o  r e e s t a b l i s h  s t a n d s ,  o r  the  use  of 
o t h e r  oak s p e c i e s  which apparen t ly  s u f f e r  l e s s  from the  d i e -  
back problem. 

INTRODUCTION 

Water oak (Quercus n i g r a  L.)  occupies  a 
very  l a r g e  range a c r o s s  t h e  sou th  from t h e  
c o a s t a l  a r e a s  t o  t h e  f o o t h i l l s  of the  mountains. 
The s p e c i e s  occurs  on a v a r i e t y  of s i t e s  bu t  
makes i t s  b e s t  development on w e l l  d ra ined  moist 
s o i l s .  Gene t ica l ly  t h e  s p e c i e s  i s  very d i v e r s e  
and a number of hybrids  have been recognized 
(Ingens-Moller 1955, Fowells 1965). Pheno- 
t y p i c a l l y  t h e  spec ies  is q u i t e  p l a s t i c  i n  response 
t o  t h e  environment i n  which it e x i s t s .  

Water oak is  i n  t h e  red oak group bu t  
is g e n e r a l l y  n o t  considered one of t h e  s e l e c t  
red  oaks a s  is cherrybark (Q. f a l c a t a  var .  
pagodaefo l ia  E l l . )  and Shumard (& shumardi i  
Buck L.) (Kingsley and Powell 1979). However, 
water  oak i s  an important  s p e c i e s  and i s  used 
f o r  a v a r i e t y  of products  a c r o s s  i t s  range. It 
is a component of s e v e r a l  bottomland types and 
widespread i n  t h e  smal le r  s t ream bottoms and 
waterways loca ted  i n  t h e  lower south.  

It is  t h e s e  smal le r  waterways, i n t e r -  
m i t t e n t  s t reams,  and f l a t s  loca ted  throughout 
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Research Conference, Atlanta,GA, November3-5,1982. 
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t h e  p ine  h i l l  country of t h e  Gulf c o a s t a l  p l a i n  
t h a t  t h i s  paper r e f e r e n c e s  a s  upland-bottomlands. 
These a r e  no t  i n  t h e  major r i v e r  bottoms b u t  a r e  
hardwood producing a r e a s  found i n  what is  
g e n e r a l l y  considered p ine  land.  I n  t h i s  a r e a  
water  oak c o n t r i b u t e s  h e a v i l y  t o  t h e  hardwood 
resource.  

Since wate r  oak is  a v i a b l e  component 
of t h e s e  f o r e s t e d  a r e a s ,  and i n  c e r t a i n  of t h e s e  
a major component, t h e  s p e c i e s  needs a t t e n t i o n  i f  
we a r e  t o  improve t h e  i n d i v i d u a l  s tands  and 
make them produc t ive  a f t e r  years  of absence of 
management. 

IMPROVEMENT OF THE WATER OAK COMPONENT 

I n  1976-77 two p r o j e c t s  were i n i t i a t e d  
a t  Louisiana Tech Univers i ty .  One was g e n e t i c  
improvement of water  and willow oak and t h e  
o t h e r  was s i l v i c u l t u r e  improvement of bottomland 
hardwoods. The g e n e t i c  p r o j e c t  was designed t o  
i n v e s t i g a t e  t h e  d i v e r s i t y  w i t h i n  water  oak and 
develop m a t e r i a l s  t h a t  could be used i n  
p l a n t a t i o n  es tab l i shment .  The second p r o j e c t  
was t o  determine methods of e s t a b l i s h i n g  hard- 
wood p l a n t a t i o n s  i n  t h e  small  upland bottoms. 
The fol lowing i s  a summation of observa t ions  
made during t h e  p a s t  f i v e  y e a r s  of working wi th  
water oak. 

Seedl ing Production. Nursery product ion 
of water  oak is  r e l a t i v e l y  s imple and s u i t a b l e  
s e e d l i n g s  can be grown i n  one season. Seedl ing 
spacing i n  t h e  nurse ry  beds has been 8-16 f e e t  p e r  
square f o o t  wi th  t h e  h igher  number producing t h e  



b e s t  p l a n t a b l e  s e e d l i n g s  from a  s i z e  (handl ing)  
and r o o t l s h o o t  r a t i o  s t a n d p o i n t .  Am a d d i t i o n a l  
y e a r  i n  t h e  n u r s e r y  beds  (2-0 s e e d l i n g s )  r e s u l t s  
i n  s e e d l i n g s  t h a t  a r e  g r e a t l y  o u t  of r o o t l s h o o t  
b a l a n c e  and extrclmely d i f f i c u l t  t o  hand le  i n  
p l a n t a t i o n  e s t a b l i s h m e n t ,  

One problem no ted  w i t h  l a r g e  s c a l e  
n u r s e r y  p roduc t ion  i s  the i n a b i l i t y  of t h e  
c o l l e c t i o n  crews t o  c o l l e c t  on ly  wa te r  oak 
acorns .  I n  a r e p r e s e n t a t i v e  n u r s e r y  bed w a t e r  
oak, wi l low oak, l a u r e l  oak and h y b r i d s  of two 
of t h e  above can be  found. T h i s  is a  problem 
because t h e  wa te r  oak i s  a  h i g h e r  q u a l i t y  
s p e c i e s  t h a n  l a u r e l  and some o f  t h e  hybr id  
m a t e r i a l .  Poor performance from p l a n t i n g  
mix tu res  of t h e s e  s p e c i e s  g i v e s w a t e r  oak a  bad 
r e p u t a t i o n  from a  q u a l i t y  s t a n d p o i n t .  S i m i l a r  
seed morphology of t h e s e  s p e c i e s  causes  t h i s  
problem and probably t h e  b e s t  way t o  avo id  t h e s e  
m i x t u r e s  is  c o r r e c t  i d e n t i f i c a t i o n  of t h e  p a r e n t  
t r e e s  by seed  c o l l e c t i o n  crews. 

An a l t e r n a t i v e  t o  t h e  b a r e  r o o t e d  
s e e d l i n g s  i s  c o n t a i n e r i z a t i o n .  Cons ide rab le  
i n t e r e s t  i n  t h i s  t echn ique  has  been expressed  
and t h e  u s e  of t h e s e  c o n t a i n e r i z e d  s e e d l i n g s  may 
prove advantageous.  Elam e t  a 1  (1982) has  
shown t h a t  wa te r  oak can be  grown i n  c o n t a i n e r s  
and s u c c e s s f u l l y  o u t  p l a n t e d .  Con ta ine r i zed  
s e e d l i n g s  r e s e a r c h  a t  Lou i s i ana  Tech h a s  shown 
t h a t  h e a l t h y  w a t e r  oaks  can be  grown i n  a  
v a r i e t y  of c o n t a i n e r s  b u t  t h e  s i z e  of  t h e  
s e e d l i n g s  ( g e n e r a l l y  l e s s  t h a n  LO i n c h e s )  
s e v e r e l y  l i m i t s  t h e i r  u s e  w i t h o u t  i n t e n s i v e  cu l -  
t i v a t i o n  fo l lowing  p l a n t i n g .  S i z e  l i m i t a t i o n  
r e c o m e n d a t i o n s  f o r  q u a l i t y  hardwood b a r e - r o o t  
s e e d l i n g s  o f  30-36 i n c h e s  i n  h e i g h t  and 114 - 
3 f 8  i n c h e s  r o o t  c o l l a r  d i amete r  (McKnight and 
Johnson 1980, Weber 1972) may be o f f s e t  i n  con- 
t a i n e r s  by minimizing t h e  d i s t u r b a n c e  t o  t h e  
r o o t  system. 

P l a n t a t i o n  Es tab l i shment .  S e v e r a l  
sma l l  p l a n t a t i o n s  have been e s t a b l i s h e d  t o  o b t a i n  
a  b e t t e r  unders t and ing  of problems a s s o c i a t e d  
w i t h  p l a n t i n g  w a t e r  oak and r e l a t e d  s p e c i e s  i n  
t h e s e  s m a l l  hardwood bottoms. I n  each  
p l a n t a t i o n  t h e  s i t e  was w e l l  p repa red  by d i s c i n g  
and c a r e  was t a k e n  t o  hand le  t h e  s e e d l i n g s  f o r  
maximum s u r v i v a l .  Seed l ings  were e i t h e r  grown 
i n  t h e  Lou i s i ana  O f f i c e  of F o r e s t r y  n u r s e r y  o r  
t h e  Lou i s i ana  Tech U n i v e r s i t y  n u r s e r y .  One 
p l a n t i n g  was w i t h  2-0 s e e d l i n g s  and t h e  o t h e r s  
were w i t h  1-0 s e e d l i n g s .  I n  each p l a n t i n g  on ly  
h e a l t h y  s e e d l i n g s  were used and c a r e  was g iven  
t o  p l a n t  s e e d l i n g  p r o p e r l y .  

The f i r s t  problem encoun te red  was w i t h  
t h e  2-0 s e e d l i n g s ,  They were t o o  l a r g e  f o r  
e f f i c i e n t  hand l ing  (average h e i g h t  approximately  
f i v e  f e e t )  and r e s u l t e d  i n  d i f f i c u l t y  i n  
p l a n t i n g .  S h o r t l y  a f t e r  p l a n t i n g  i n  February 
s t r o n g  winds caused many of t h e  l a r g e r  s e e d l i n g s  
t o  bend over  and they  never  r ecovered .  The top  

was t o o  heavy f o r  r ecovery .  Consequently t h e  
s e e d l i n g s  e i t h e r  d i e d  o r  s p r o u t e d  from below. 
Smal le r  s e e d l i n g s  (approximately  3 f e e t  i n  h e i g h t )  
d i d  n o t  show t h i s  problem w i t h  wind damage. 

The second and most s e v e r e  p r o b l e z  i s  
t h e  d ieback  phenomenon a s s o c i a t e d  w i t h  newly 
p l a n t e d  s e e d l i n g s .  I n  e a c h  p l a n t i n g  over  a t h r e e -  
y e a r  p e r i o d  u s i n g  g e n o t y p i c a l l y  d i f f e r e n t  seed- 
l i n g s  from two n u r s e r i e s ,  t h e  p a t t e r n  of d ieback  
and r e f l u s h i n g  of l e a v e s  was p r e s e n t .  

Three  d i f f e r e n t  d ieback  p a t t e r n s  were 
no ted .  

1. Normal l e a f  f l u s h  s t a r t s ,  t hen  
a l l  new development d i e s .  
Sprou t ing  t h e n  comes from t h e  
s tem o r  t h e  r o o t  c o l l a r  of t h e  
s e e d l i n g .  The s e e d l i n g  above 
t h e  secondary f l u s h  is dead. 

2. No l e a f  f l u s h  s t a r t s  and seed- 
l i n g s  appear  dead.  Leaf f l u s h  
s t a r t s  a s  much a s  40 days  a f t e r  
w a t e r  oak i n  t h e  a r e a  has  f l u s h e d  
and t h e  f l u s h  is from t h e  stem. 

3.  No l e a f  f l u s h  s t a r t s  and s e e d l i n g s  
appear  dead. Leaf f l u s h  may be 
de layed  u n t i l  mid-summer and 
f l u s h i n g  comes from t h e  r o o t  c o l l a r  
o r  below. 

ilihere d ieback  occur red  and f l u s h i n g  was from t h e  
s tem,  l e a v e s  were smal l  and appear  t o  be  much 
l e s s  v igorous  t h a n  t h o s e  from t h e  r o o t  c o l l a r  a r e a .  
The e f f e c t  of t h i s  d ieback  i s  t o  n e g a t e  t h e  pro- 
d u c t i o n  of l a r g e ,  s t r o n g  s e e d l i n g s  i n  t h e  nur- 
s e r i e s .  

I n  one p l a n t a t i o n  i n  which wa te r  oak,  
che r rybark ,  Shumard and N u t t a l l  (& n u t t a l l i i  
Palmer) a r e  r e p r e s e n t e d ,  o n l y  t h e  wa te r  oak shows 
t h i s  d ieback  c h a r a c t e r i s t i c  i n  s i g n i f i c a n t  
amounts. T h i s  i n d i c a t e s  t h a t  w a t e r  oak may be  
more s e n s i t i v e  t o  b a r e - r o o t  t r a n s p l a n t i n g  t h a n  
a r e  t h e  o t h e r  oaks .  

There  a r e  two p o s s i b i l i t i e s  f o r  im-  
provement of t h i s  d ieback  problem. One i s  t o  
avoid s e e d l i n g s  t h a t  a r e  t o o  l a r g e  ( g r e a t e r  t h a n  
36 i n c h e s ) .  The l a r g e r  s e e d l i n g s  r e s u l t  i n  a  
r o o t / s h o o t  r a t i o  t h a t  is a p p a r e n t l y  o u t  of b a l a n c e  
which causes  problems f o r  t h e  newly e s t a b l i s h e d  
s e e d l i n g s .  The second p o s s i b l e  improvement is  t o  
l i f t  t h e  s e e d l i n g s  d u r i n g  t h e  ha rd  w i n t e r  months.  
Seed l ings  l i f t e d  toward t h e  end of t h e  p l a n t i n g  
season  show more t r a n s p l a n t  shock t h e n  t h o s e  
l i f t e d  e a r l i e r .  Water oak s e e d l i n g s  i n  n u r s e r y  
beds  r e t a i n  t h e i r  l e a v e s  throughout  t h e  w i n t e r .  
The p o s s i b i l i t y  e x i s t  f o r  t h e s e  s e e d l i n g s  t o  
s t a r t  m e t a b o l i c  a c t i v i t i e s  r e l a t e d  t o  growth when 
warm days  occur  d u r i n g  t h e  w i n t e r .  I f  l i f t e d  a t  
t h i s  t ime,  t h e r e  may be more t r a n s p l a n t  problems. 
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General ly  p l a n t a t i o n  es tab l i shment  i n  
small  bottoms has  had low p r i o r i t y  f o r  b o t h  t h e  
p r i v a t e  i n d i v i d u a l  and i n d u s t r i a l  landowner. 
Pine is  t h e  predominant t r e e  crop wi th  h igh  va lue  
and low management c o s t .  Most research  i n d i c a t e s  
t h a t  s u c c e s s f u l  hardwood p l a n t a t i o n  establ ishment  
r e q u i r e s  i n t e n s i v e  s i t e  p r e p a r a t i o n  (Bunt 1976, 
Kennedy 1980). This  r e q u i r e s  cons iderab le  in-  
vestment i n  p r e p a r a t i o n  b e f o r e  p l a n t i n g  and i n  
c u l t i v a t i o n  f o r  one t o  t h r e e  y e a r s  a f t e r  
p lan t ing .  I n  t h e  a r e a s  where p i n e  i s  king from 
a va lue  s tandpoin t ,  t h e r e  has been l i t t l e  in- 
c e n t i v e  f o r  t h e  landowner ( l a r g e  o r  small)  t o  in- 
v e s t  i n  t h e i r  hardwood holdings.  Only i n  t h e  
major r i v e r  bottoms where hardwoods predominant 
is  t h i s  p l a n t a t i o n  c o s t  considered c o s t  
e f f e c t i v e .  

The d i f f i c u l t y  of e s t a b l i s h i n g  water  
oak p l a n t a t i o n s ,  expense i n  maintaining plan- 
t a t i o n s ,  and low stumpage p r i c e s  l eaves  t h e  
p r o b a b i l i t y  of widespread i n t e r e s t  of t h i s  
s p e c i e s  and o t h e r  hardwoods i n  these  smal l  
bottoms i n  doubt. However, t h e s e  bottoms w i l l  
cont inue t o  supporthardwood and land managers 
can use sound s i l v i c u l t u r a l  techniques t o  es-  
t a b l i s h  and maintain p roduc t ive  n a t u r a l  s tands .  
Natural  s t a n d s  w i l l  no t  be pure water  oak, sweet- 
gum, o r  cherrybark bu t  a  mixture from which t h e  
b e s t  t r e e s  w i l l  even tua l ly  reach  r o t a t i o n  age. 

From a p r o d u c t i v i t y  s tandpoin t  one 
s i l v i c u l t u r a l  system i s  most p r a c t i c a l .  This  i s  
c l e a r c u t t i n g  i n  small  patches (< 80 a c r e s ) .  Most 
of t h e  hardwood s tands  have been mismanaged both 
i n  p r i v a t e  and i n d u s t r i a l  ownership. This  m i s -  
management i s  t h e  r e s u l t  of low p r i c e s  and a  
l a c k  of knowledge of t h e  hardwood resource by 
t h e  f o r e s t e r s  on t h e  ground, most of whom have 
been t r a i n e d  i n  and work wi th  pine.  The r e s u l t s  
a r e  s t a n d s  t h a t  a r e  mix-species and evenage o r  
c l o s e  t o  evenage with a  h igh  percentage of c u l l  
o r  poor q u a l i t y  stems. The s i m p l i e s t  method t o  
handle t h e s e  s t a n d s  i s  t h e  c l e a r c u t  and n a t u r a l  
reproduct ion (pr imar i ly  r o o t s p r o u t s ) .  A mar- 
g i n a l  low p r o d u c t i v i t y  f o r e s t  i s  e l imina ted  and 
a  new dynamic evenage, mixed s p e c i e s  hardwood 
f o r e s t  w i l l  emerge. This  f o r e s t  w i l l  be much 
s i m p l i e r  t o  handle from a s i l v i c u l t u r a l  s tand-  
p o i n t  and i n  t h e  long run  more produc t ive  be- 
cause of t h e  s i m p l i c i t y .  

U n t i l  problems a s s o c i a t e d  wi th  plan- 
t a t i o n  establ ishment  of water  oak o r  o t h e r  hard- 
wood s p e c i e s  a r e  so lved ,  most of t h e  small  
bottoms w i l l  be  reproduced n a t u r a l l y .  P o t e r f i e l d  
e t  a 1  (1977) i n  t h e i r  economic a n a l y s i s  of hard- 
wood p l a n t a t i o n s  and n a t u r a l  s t a n d s  a l s o  in-  
d i c a t e d  no foreseeab le  widespread move i n  t h e  
d i r e c t i o n  of  p l a n t a t i o n s  i n  t h e  management of 
hardwood s tands .  

P l a n t i n g  of water  oak p l a n t a t i o n s  i n  
t h e  smal l  bottoms of t h e  lower mid-South does n o t  
look promising. Economic cons idera t ions  of si te 
prepara t ion ,  p l a n t i n g ,  and c u l t i v a t i o n  f o r  water  
oak and o t h e r  hardwood a r e  d i f f i c u l t  t o  j u s t i f y  
wi th  today ' s  market p r i c e s  f o r  stumpage. Also 
water  oak apparen t ly  has phys io log ica l  problems 
i n  movement from nursery  beds t o  t h e  f i e l d  which 
r e s u l t s  i n  poor i n i t i a l  performance and makes 
t h e  use  of t h i s  s p e c i e s  i n  p l a n t a t i o n s  h igh ly  
u n l i k e l y  u n t i l  some of t h e  p l a n t i n g  problems can 
be solved.  U n t i l  methods and techniques a r e  
developed t o  s o l v e  t h e s e  problems, n a t u r a l  re-  
product ion fol lowing a  c l e a r c u t  w i l l  probably be  
t h e  most e f f e c t i v e  method t o  regenera te  t h e s e  
hardwood s tand .  Water oak w i l l  be a  component o f  
these  s t a n d s  bu t  n o t  necessary t h e  predominant 
s p e c i e s .  Sound low c o s t  s i l v i c u l t u r a l  techniques 
can g r e a t l y  i n c r e a s e  t h e  p r o d u c t i v i t y  of s t a n d s  
r e s u l t i n g  from poor o r  no management i n  t h e  p a s t .  
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Abstract.--Rapid he igh t  growth i n  nor thern  red  oak 
rubra  L.) s e e d l i n g s  may be  an important  f a c t o r  i n  

t h e  e a r l y  establ ishment  of p l a n t a t i o n  c u l t u r e .  Red oaks grow 
very  slowly dur ing  t h e  formative years  and any c u l t u r a l  
p r a c t i c e  t h a t  would s t i m u l a t e  h e i g h t  growth and stem elonga- 
t i o n  r a t e s  would b e n e f i t  a r t i f i c i a l  regenera t ion  of oaks, 
provided such t rcatntents  do n o t  impair  s u r v i v a l  and subse- 
quent seed l ing  growth. Northern red  oak and bear  oak 
(Quercus i l i c i f o l i a  Wangenh.) acorns were germinated and 
then grown i n  t h e  dark a t  25f15'6 (1618 h r . ) .  The e t i o l a t e d  
s e e d l i n g s  were then moved t o  60% s u n l i g h t  i n  a greenhouse 
f o r  f o u r  weeks s o  t h a t  l e a f  expansion and stem l i g n i f i c a -  
t i o n  would s t a b i l i z e  t h e  seed l ing .  Dark-grown seed l ings  
were t a l l e r  than Light-grown p l a n t s .  Surv iva l  d a t a  and one 
season growth d a t a  a f t e r  o u t p l a n t i n g  was c o l l e c t e d  on 
e t i o l a t e d  nor thern  r e d  oak seed l ings  and compared t o  t y p i c a l  
1-0 and 2-0 nurse ry  s tock .  

INTRODUCTION 

I n t e r p l a n t i n g  of nor thern  red  oak, a va luab le  
t imber  s p e c i e s ,  may improve s tand  composition and 
i n c r e a s e  s tock ing  l e v e l s ,  on s i t e s  where n a t u r a l  
r e d  oak regenera t ion  i s  low. However, e a r l y  
s e e d l i n g  growth i s  slow and seed l ings  do no t  com- 
p e t e  w e l l  wi th  herbaceous and more i n t o l e r a n t  
woody s p e c i e s  (Olson and Hooper, 1972; Russe l l ,  
1972; Wendle, 1980). Various t rea tments  have 
been t r i e d  t o  i n c r e a s e  growth of t ransp lan ted  
s e e d l i n g s :  mulching, c u l t i v a t i o n ,  h e r b i c i d e s ,  t o p  
pruning,  f e r t i l i z a t i o n  and use  of o l d e r  s e e d l i n g s ,  
a l l  have f a i l e d .  However, seed l ing  s i z e  a t  
p l a n t i n g  was found t o  c o r r e l a t e  p o s i t i v e l y  wi th  
subsequent seed l ing  growth i n  nor thern  red oak 
i n  p l a n t a t i o n  c u l t u r e  (Wendle, 1980). Giendle, 
t h e r e f o r e ,  recommended l a r g e r  "super seed l ings"  
be used f o r  ou tp lan t ing .  

Northern red  oak seed l ings  t h a t  have been 
grown f o r  a b r i e f  per iod  i n  t h e  dark respond wi th  
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enhanced shoot e longa t ion ,  e t i o l a t i o n ,  and thus  
produce t a l l e r  seed l ings .  This dark t reatment  
nay prove u s e f u l  f o r  more r a p i d  growth of r e d  oak 
from seed.  Such a condi t ion ing  might permit f a l l  
c o l l e c t e d  seeds t o  be ou tp lan ted  a s  seed l ings  t h e  
fol lowing s p r i n g ,  thus  e l i m i n a t i n g  a t  l e a s t  one 
year  of nurse ry  growth and reducing c o s t s .  

E t i o l a t i o n  occurs  whenever a p l a n t  grows 
without  l i g h t .  Deplet ion of t h e  p l a n t ' s  metabol ic  
r e s e r v e s  r e s u l t s  i n  a decrease  i n  t o t a l  p l a n t  d ry  
weight.  E t i o l a t e d  stems a r e  no tab ly  t a l l e r  and 
t h i n n e r  than light-grown stems, This photo- 
rnorphogenetic response i s  due t o  i n t e r n a l  mech- 
anisms w i t h i n  t h e  p l a n t .  E t i o l a t i o n  i s  commonly 
used i n  seed t e s t i n g .  Di f fe rences  i n  growth 
dur ing  t h e  e t i o l a t e d  e longa t ion  of shoots  can be 
used t o  d i s t i n g u i s h  var ious  s e e d l o t  genotypes o r  
t reatment  e f f e c t s .  When e t i o l a t e d  growth was 
used f o r  t e s t i n g  on nor thern  red  oak i n  a previous 
s tudy ,  we observed g r e a t  i n c r e a s e s  i n  shoot 
l eng ths .  Subsequently, i t  was observed t h a t  l e a f  
development fol lowing such a dark t reatment  was 
normal and t h a t  stem th icken ing  occurred r a p i d l y  
near  t h e  base of t h e  shoot  once l i g h t  was r e s t o r e d  
and photosynthesis  was begun. Based on t h e s e  
observa t ions ,  an experiment was designed t o  
1) e v a l u a t e  e t i o l a t i o n  a s  a method t o  i n c r e a s e  
e a r l y  he igh t  growth i n  nor thern  red  oak and 
thereby produce l a r g e r  p l a n t i n g  s tock  f o r  f i e l d  
p l a n t i n g  i n  a s h o r t  per iod of t ime;  and 2 )  compare 
growth and development parameters  of one-year 
e t i o l a t e d  seed l ings  wi th  normal nurse ry  s tock .  



METHODS AND rnTERIALS Outplanting of Northern Red Oak 

Seed Col lec t ion ,  Handling and Germination 

Acorns were col lec ted  from the  ground under 
t he  canopies of n ine  northern red oaks (Quercus 
rubra L.) i n  Blacksburg, Virg in ia  (e levat ion  7 0 h )  
between 22 and 27 October 1981. The acorns were 
then submerged b r i e f l y  t o  f l o a t  o f f  t r a sh  and bad 
seeds. Hoisture content was determined gravi- 
me t r i ca l ly  from three  samples of f i v e  acorns each. 
The samples were weighed f r e sh  and then oven dr ied  
a t  105OC f o r  24 hours. Moisture content a t  col- 
l e c t i o n  was 64% (oven dry weight bas i s ) .  Seeds 
were soaked (imbibed) f o r  52 hours during which 
the  moisture content was increased t o  70%. A l l  
acorns were placed i n  t r a y s  on moist vermicul i te /  
peat  po t t i ng  medium, covered with wet paper towels 
and s t r a t i f i e d  a t  5OC. After  16 weeks of s t r a t i -  
f i c a t i o n ,  acorns were germinated i n  place on the  
t r a y s  i n  a darkened growth chamber a t  25/15OC 
(16/18 hours thermoperiod). Germination a f t e r  28 
days was more than 90% and germination r a t e s  were 
good (90% i n  10 days). A seed was considered 
germinated once the  emerged r a d i c l e  showed pos i t i ve  
geotropism. 

E t io l a t ed  Growth and Early Conditioning 

Germinated acorns ( 1  t o  2 days o ld)  were 
planted i n  one l i t e r  p l a s t i c  pots  i n  a vermicul i te /  
peat  po t t i ng  medium. The pots  were placed i n  a 
growth chamber a t  25/15OC, 16/8 hours i n  t o t a l  
darkness. Seedlings were grown f o r  four  weeks. 
Simultaneously, germinated acorns were planted i n  
pots  i n  po t t i ng  medium and grown f o r  4 weeks i n  
a greenhouse ( l i g h t  t reatment) .  Growth measure- 
ments were taken from both dark-grown and l i gh t -  
grown northern red oak seedlings a f t e r  t he  i n i t i a l  
4 weeks growth period. The e t i o l a t e d  seedlings 
were t ransfered  t o  t he  greenhouse under 60% shade 
(obtained with f i b e r  g l a s s  shade c lo th)  f o r  3 
weeks. To complete f u l l - l i g h t  adaptat ion condi- 
t ioning ,  seedlings were then t ransfered  t o  f u l l  
sunl ight  f o r  another 3 weeks. 

Bear Oak Study 

I n  a corol la ry  species t r i a l ,  bear oak 
(Quercus i l i c i f  o l i a  Wangenh. ) seeds from southwest 
Virg in ia  were s t r a t i f i e d  f o r  12 weeks and germinated 
a s  previously described f o r  northern red oak. 
Germinated acorns were planted i n  root  t r a i n e r s  
i n  the  greenhouse under 60% shade. One-half the  
seedl ings  were t o t a l l y  enclosed i n  cardboard 
boxes f o r  6 weeks (dark treatment) ,  Af ter  6 weeks, 
t he  boxes were removed. Growth measurements were 
then taken on both light-grown and dark-grown bear 
oak seedlings.  

On 5 May 1982, f o r t y  l i g h t  conditioned, 
e t io la ted ,nor thern  red oak seedlings were planted 
a t  25 x 25 cm spacing i n  a f e r t i l i z e d  (Osmocote 
10-16-8, +Fe) nursery bed a t  Cr i t z ,  Virginia.  
Seedlings were hand planted i n  an e f f o r t  t o  keep 
the  root  system i n t a c t .  Also, 50 s t r a t i f i e d  and 
pregerminated acorns from the same seedlo t  were 
planted a t  a s imi l a r  dens i ty  i n  t he  same nursery 
bed. E t io l a t ed  seedlings were staked. Except 
f o r  i r r i g a t i o n ,  no f u r t h e r  treatments were imposed 
on the  seedlings.  

L i f t i ng  

A l l  seedlings were l i f t e d  by hand on 12 
October 1982. The seedlings were brought t o  t he  
lab ,  cleaned and measured. Shoot lengths,  roo t  
lengths ,  root  c o l l a r  diameters, shoot and roo t  dry 
weights (oven dr ied  a t  60°C, 52 hours) ,  number of 
leaves,  and number of f lushes  (as indica ted  by bud 
s c a l e  s ca r s )  were measured on each seedling. 

RESULTS AND DISCUSSION 

There was some i n i t i a l  concern about t he  
surv iva l  and establishment po ten t i a l  of t he  e t i o -  
l a t e d  seedlings,  because of t he  spindly na tu re  and 
top heaviness of t he  e t i o l a t e d  s t ruc tu re .  To the  
contrary,  t he  r e s u l t s  showed t h a t  b e t t e r  than 90% 
surviva l  was recorded on the  e t i o l a t e d  p l an t s  a f t e r  
the  f i r s t  growing season. Although the  nursery 
bed competition was probably not  as  severe as  
average f i e l d  competition, t he  nursery was not  
weeded o r  t r ea t ed  f o r  competition i n  any way. 
Oaks i n  general  a r e  very hardy; and, with proper 
handling, surv iva l  i n  a r t i f i c i a l  regenerat ion 
systems should not pose a problem. 

E t io l a t ed  seedlings of northern red oak and 
bear oak were t a l l e r  than light-grown p l an t s  ( f i g .  
1) .  Both species behaved s imi l a r ly ,  although bear 
oak i s  a small seeded red oak spec ies ,  and nor thern  
red oak i s  a l a rge  seeded species.  Height growth 
i n  t he  dark was more than twofold grea ter  i n  bear 
oak and near ly  two and a ha l f  fo ld  g rea t e r  i n  
northern red oak. I f  the  t a l l e r  seedlings s t a y  
t a l l e r  and grow f a s t e r ,  t h i s  e f f e c t  might bene f i t  
production of l a rge  container stock. Outplanting 
l a rge r  seedlings has been reported t o  provide some 
advantage i n  fu tu re  seedling growth (Wendle, 1980). 

Differences i n  growth a f t e r  one season i n  a 
nursery bed between e t i o l a t e d  seedlings and seed- 
l i n g s  produced from spr ing  sown seeds were compared 
(Table 1). E t io l a t ed  seedlings were l a rge r  i n  
almost every growth parameter measured. They were 
t a l l e r ,  had l a r g e r  root  systems and were t h i cke r  
a t  t he  roo t  c o l l a r  than normal seedlings.  

The production of more vigorous p lant ing  
stock might be bene f i c i a l  by increasing the  e a r l y  
growth and establishment of red oaks. Farmer 
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Figure  1.--Growth d i f f e r e n c e s  i n  bear  oak and 
n o r t h e r n  red  oak s e e d l i n g s  a f t e r  f o u r  ( red  oak) 
o r  s i x  (bear  oak) weeks of growth i n  t h e  dark 
o r  l i g h t .  

(1975) suggested t h a t  i n c r e a s i n g  t h e  j u v e n i l e  
shoot  growth i n  red  oaks would i n c r e a s e  l e a f  a r e a  
and thus  produee l a r g e r  r o o t  systems and more 
vigorous seed l ings .  Although t h e  number of l eaves  
appeared t o  be g r e a t e r  f o r  normal s e e d l i n g s ,  t h i s  
was due t o  increased  branching i n  normal s e e d l i n g s ,  
E t i o l a t e d  s e e d l i n g s  tended t o  have one unbranched 
stem. 

The mean growth of e t i o l a t e d  seed l ings  would 
have been g r e a t e r  i f  a l l  t h e  e t i o l a t e d  s e e d l i n g s  
had cont inued t o  grow a f t e r  p l a n t i n g .  However, 
only 46% of t h e  e t i o l a t e d  seed l ings  cont inued 
growth a f t e r  p l a n t i n g ,  while  t h e  o t h e r  54% of t h e  
ou tp lan ted  s e e d l i n g s  appeared t o  s e t  dormant buds. 
Farmer (1975) repor ted  t h a t  t h e  v a r i a b i l i t y  i n  
bud s e t  and bud break was hornonal ly and g e n e t i c a l l y  
c o n t r o l l e d  i n  nor thern  red oak. 

Comparisons of d i f f e r e n c e s  w i t h i n  t h e  e t i o l a t e d  
s e e d l i n g s  a r e  given i n  Table 2. There were s i g n i -  
f i c a n t  growth d i f f e r e n c e s  between t h e  s e e d l i n g s  
t h a t  d i d  n o t  i n c r e a s e  i n  he igh t  growth a f t e r  
p l a n t i n g  and those  p l a n t s  t h a t  had m u l t i p l e  growth 
f l u s h e s .  The number of l eaves  f o r  t h e  growing 
e t i o l a t e d  p l a n t s  was 25 versus  on ly  3 f o r  t h e  non- 
growing s e e d l i n g s ,  and may represen t  a  v i t a l  
s t a t i s t i c  i n  i n c r e a s i n g  t h e  product ion of l a r g e  
seed l ings .  Height growth means f o r  growing p l a n t s  
were n e a r l y  twofold l a r g e r  (61.6 t o  34.5 cm) than  
non-growing seed l ings  and more than  two t imes 
g r e a t e r  (61.6 t o  27.9) than normal seed l ings .  
S i m i l a r l y ,  r o o t  c o l l a r  diameters  were l a r g e r  f o r  
growing e t i o l a t e d  seed l ings  wi th  10 mm v e r s u s  on ly  
7.6 mm i n  non-growing e t i o l a t e d  p l a n t s  and 6.3 mm 
i n  normal seed l ings .  Dry weight d a t a  show t h a t  
seed l ings  t h a t  were e t i o l a t e d  were heav ie r ,  thus  
producing more biomass wi th  more than h a l f  t h e  

Table 1.--Vital growth parameters a t  end of one season f o r  e t i o l a t e d  nor thern  red 
oak s e e d l i n g s  (n = 35) versus  normal s p r i n g  sown seed l ings  (n = 35) of s i m i l a r  
seed o r i g i n .  

Growth Parameter 
E t i o l a t e d  
Seedl ings 

Normal 
Seedl ings 

Heights  (cm) 

Root l eng th  (cm) 

Root c o l l a r  diameter  (mm) 

T o t a l  d r y  weight (gms) 

Root d ry  weight (gms) 

Shoot d r y  weight (gills) 

Number l eaves  

Number f l u s h e s  

Root /Shoot r a t i o  (gmslgms) 

-- 

L/ Means i n  a  l i n e  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  (p.4.05) 
a s  determined by t h e  Duncan's New Mul t ip le  Range Test .  



Table 2.--Comparison w i t h i n  t h e  e t i o l a t e d  t r e a t e d  nor thern  red  oak s e e d l i n g s  between 
those  s e e d l i n g s  t h a t  d i d  n o t  grow a f t e r  p l a n t i n g  and those  s e e d l i n g s  t h a t  grew 
considerably a f t e r  p l a n t i n g  dur ing  t h e  f i r s t  year .  

Growth Var iab le  
A1 1 Seedl ings With Seedl ings With 

Seedl ings Minimal Growth (n=19) Growth (n=16) 

Weight (cm) 

Root l eng th  (cm) 

Root c o l l a r  d i m e t e r  (mm) 8.8b 

T o t a l  d ry  weight (gms) 14.7b 

Root dry weight ( p s )  9.5b 

Shoot dry weight (gms) 5.2b 

Number l eaves  13.7b 

Number f l u s h e s  2.6b 1 . 4 ~  4.2a 

Root/Shoot (gms/gms) 2. l a b  2.3a 1.8b 

L' Means i n  a l i n e  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  (pc.05) 
a s  determined by t h e  Duncan's New Mul t ip le  Range Tes t .  

weight inves ted  i n  r o o t  growth. Large r o o t  systems Fur ther  comparisons were made among n o r t h e r n  
have been repor ted  t o  be a v i t a l  r e q u i s i t e  f o r  red  oak nursery  s tock  from a V i r g i n i a  nurse ry ,  two 
good oak growth i n  t h e  f i e l d  (Farmer, 1975; Sander, West V i r g i n i a  n u r s e r i e s ,  a Pennsylvania n u r s e r y  
1971). These v a r i a t i o n s  w i t h i n  t h e  e t i o l a t e d  and e t i o l a t e d  s e e d l i n g s  i n  t h i s  s tudy  (Table 3 ) .  
s e e d l i n g  populat ion a r e  probably a s s o c i a t e d  wi th  The e t i o l a t e d  t reatment  produced t a l l e r  s tems,  
a g e n e t i c  component, s i n c e  t h e  s e e d l i n g s  were pro- and l a r g e r  r o o t  c o l l a r  diameters  than nursery  
duced from a mixed seed l o t .  grown s e e d l i n g s  of s i m i l a r  c l imate .  Even s e e d l i n g s  

Table 3.--Comparisons of e t i o l a t e d  seed l ing  r o o t  c o l l a r  diameter ,  h e i g h t s ,  and r o o t  
l eng ths  wi th  nurse ry  s tock  from two West V i r g i n i a  n u r s e r i e s  (two years  d a t a ) ,  
V i r g i n i a  and Pennsylvania n u r s e r i e s .  

Source 
Root C o l l a r  

Age TRT Diameter Weight Root Length 

Va. Reynolds, 1982 1-0 e t i o l a t e d  8 .8  46 2 9 

Va. Reynolds, 1982 1-0 s p r i n g  sown 6.2 27 2 5 

W. V a .  Parsons,  1982 1-0 f a l l  sown 5 .1  2 3 2 1 

W. Va. Clements, 1972 1-0 f a l l  sown 5.1 19 2 1 

W. Va. Parsons,  1972 1-0 f a l l  sown 8.0 2 3 2 3 

W. Va. Clements, 1971 2-0 f a l l  sown 4 .3  21 2 1 

W. Va. Parsons,  1971 2-0 f a l l  sown 4.3 2 1  2 8 

Pennsylvania, 1981 2-0 f a l l  sown --- 27 - - 
-- 

L/ W. Va. nurse ry  d a t a  were provided by David McCurdy, Nursery Superintendent ,  Parsons,  
WV and r e p r e s e n t  averages of two t o  f o u r  nurse ry  beds. 



with  two years  of nurse ry  growth (2-0) were n o t  
a s  l a r g e  a s  t h e  e t i o l a t e d  p l a n t s .  Cornon 
nursery  s tock  from t h e s e  systems produce h e a l t h y  
seed l ings ;  however, t h e  proposed e t i o l a t i o n  
t rea tment  can improve t h e  s i z e  and q u a l i t y  of 
t h e  seed l ings .  More importcantly, t h e  e t i o l a t e d  
method w i l l  a l low f o r  product ion of a  p l a n t a b l e  
oak seed l ing  i n  l e s s  than one year ,  thus  
e l i m i n a t i n g  t h e  nurse ry  c o s t s  and one o r  two 
years  de lay  p r i o r  t o  p l a n t i n g .  

may be worthkiitile i f  t h e  "super seed l ings"  main ta in  
vigorous growth and he igh t  advantage a s  p rev ious ly  
repor ted ,  

Although un tes ted  on o t h e r  genera and s p e c i e s ,  
t h i s  method may be a v i a b l e  s o l u t i o n  f o r  i n c r e a s i n g  
h e i g h t  growth i n  many o t h e r  l a r g e  seeded t r e e  
s p e c i e s  wi th  slow e a r l y  growth such as walnuts ,  
tupe loes ,  and o t h e r  oaks. 
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RESPONSE OF UNDERPwTED SEEDLINGS TO CATjOPV 

RmOVAL I N  UPPER PIEDMONT 

T.J .  Pdorkoski,  D.=. Smith, and D , J .  P a r r i s h  

Abstract.--Three l e v e l s  of canopy removal (90, 70, and 
0% r e s i d u a l  canopy cover)  were performed t o  determine t h e  
e f f e c t  of c l e a r c u t t i n g  and shelterwood h a r v e s t i n g  on s u r v i v a l  
and growth of 3- and 4-year-old underplanted s e e d l i n g s  of whi te  
oak (Quercus a l b a  L . ) ,  nor thern  red  oak (2. r u b r a  L . ) ,  and 
e a s t e r n  whi te  p ine  (Pinus s t r o b u s  L . ) .  I n  t h e  second year  
fol lowing h a r v e s t ,  he igh t  growth of red  oak averaged 21.2 cm i n  
t h e  c l e a r c u t  and l e s s  than 4 cm under 70 o r  90% shade. Simi- 
l a r l y ,  second year  white  oak he igh t  growth was 10.3 cm under 0% 
shade bu t  l e s s  than 4 cm under t h e  shelterwood o r  no-cut t r e a t -  
ments. Over a  two year  per iod ,  white  p i n e  grew t a l l e r  than 
e i t h e r  oak s p e c i e s  under a l l  ha rves t  t rea tments .  I n  t h e  second 
year  fol lowing h a r v e s t ,  white  p i n e  i n  t h e  c u t  s t a n d s  averaged 
19 cm h e i g h t  growth whi le  those  i n  uncut s t a n d s  averaged 10 cm. 
These r e s u l t s  i n d i c a t e  t h a t  t h e s e  underplanted s e e d l i n g s  can 
surv ive  and a r e  p o t e n t i a l l y  compet i t ive  wi th  o t h e r  v e g e t a t i o n  
fol lowing canopy removal. 

As a r e s u l t  of improper management, t h e  
t y p i c a l  southern upland hardwood s tand  is  domi- 
nated by low q u a l i t y  t r e e s  and i n f e r i o r  s p e c i e s  
(Kel l i son  e t  a l .  1980). Soem commercially valu- 
a b l e  oak (Quercus) s p e c i e s  a r e  d i f f i c u l t  t o  re -  
e s t a b l i s h  due t o  i n s u f f i c i e n t  advance regenera- 
t i o n  p r i o r  t o  harves t  (Carve l l  and Tryon 1961) 
and because of slow growth fol lowing canopy 
removal (Trimble 1974). P l a n t i n g  i n  t h e  under- 
s t o r y  (underplant ing)  may h e l p  a l l e v i a t e  some of 
t h e s e  problems. F i r s t ,  s u f f i c i e n t  numbers of oak 
regeneran ts  can be ensured by underp lan t ing  s e v e r a l  
y e a r s  p r i o r  t o  harves t .  Second, i t  i s  p o s s i b l e  
t h a t  s e v e r a l  years  i n  t h e  unders to ry  may permit 
oak s e e d l i n g s  t o  become e s t a b l i s h e d  and t o  deve- 
l o p  a roo t / shoot  r a t i o  t h a t  i s  conducive t o  
r a p i d  growth upon canopy removal. Third,  under- 

l f P a p e r  presented a t  Second S i l v i c u l t u r a l  
~ e s e a y c h  Conference, At lan ta ,  Georgia, November 
4-5, 1982. F inanc ia l  support  provided by 
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S tennis  funds. 
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of FoTest S o i l s  and S i l v i c u l t u r e ,  and A s s i s t a n t  
Professor  of Crop Physiology, V i r g i n i a  
Polytechnic I n s t i t u t e  and S t a t e  Univers i ty ,  
Blacksburg, V i r g i n i a  24061. 

p l a n t i n g  may e l i m i n a t e  t h e  need f o r  complete 
s i t e  p repara t ion  and reduce t h e  needs f o r  post-  
h a r v e s t  c u l t u r a l  p r a c t i c e s  t h a t  a r e  necessary f o r  
s u c c e s s f u l  establ ishment  of hardwood p l a n t a t i o n s  
(Brenneman 1980). 

This  s tudy  was concerned wi th  growth of 
underplanted s e e d l i n g s  fol lowing var ious  Levels  
of canopy removal. The o b j e c t i v e  w a s  t o  examine 
t h e  e f f e c t  of canopy removal on shoot  growth of 
underplanted nor thern  red oak (Quercus rubra  L . ) ,  
white  oak (Q. a l b a  L . ) ,  and e a s t e r n  white  p i n e  
(Pinus s t r o b u s  L.) s e e d l i n g s  dur ing  the f i r s t  
two growing seasons a f t e r  canopy removal. These 
t h r e e  s p e c i e s  occupy s i m i l a r  e c o l o g i c a l  n i c h e s  
(Fowells 1965). I n  a d d i t i o n ,  underplant ing of 
white  p ine  on poor hardwood s t a n d s  has been 
found t o  be s u c c e s s f u l  (Wendel 1971). 

MATERIALS iV4 METHODS 

This  s tudy  w a s  conducted a t  the  V i r g i n i a  
Polytechnic I n s t i t u t e  and S t a t e  Univers i ty  
Reynolds Eomestead Research Center near  Critz, 
Virg in ia .  Red oak, white  oak, and whi t e  p ine  
s e e d l i n g s  had been planted i n  1977 and I978 
under a  mixed hardwood canopy. Raeive p l o t s ,  
randomly s c a t t e r e d  a c r o s s  intervening s l o p e s  
between two major r i d g e s  were s e l e c t e d .  Stand 
composition included yellow-poplar (Eir iodendron 
t u l i p i f e r a  L.) ,  maples (Acer s p p , ) ,  oaks 

spP. 1, be Ehrh. ) , 
i n i a  p ine  The 



unders tory  was composed of smal l  hardwood repro- 
duc t ion  and honeysuckle (Lonicera japonica L.) 
Madison f i n e  sandy loam (Typic Hapludult) and 
Louisa loam (Ruptic-Ultic Dystrochrept)  were 
t h e  two major s o i l s  on t h e s e  s lopes .  

In t h e  win te r  of 1980-81, each p l o t  
received one of t h r e e  l e v e l s  of canopy removal: 
( I )  none; (2) moderate; and (3) c l e a r f e l l i n g .  
These l e v e l s  of canopy removal r e s u l t e d ,  
r e s p e c t i v e l y ,  i n  90, 70, and 0% canopy cover  
dur ing  t h e  growing season a s  measured by a 
s p h e r i c a l  densiometer (Lemon 1956). Treatments 
cons i s ted  of t h e  t h r e e  l e v e l s  of canopy removal 
and t h e  t h r e e  s p e c i e s  i n  an  unbalanced and nes ted  
design.  Heights of underplanted s e e d l i n g s  were 
measured on 1 A p r i l ,  1 J u l y ,  and 1 October 
during 1981 and 1982. Diameters (3 cm above t h e  
r o o t  c o l l a r )  were measured on 1 October of each 
year .  Di f fe rences  a t  t h e  -05  a lpha  l e v e l  were 
considered s i g n i f i c a n t ,  and means were separa ted  
by Harvey's procedure (Harvey 1975). 

RESULTS 

Height and Diameter Growth Comparisons 
Within Canopy Treatments 

Height growth of whi te  p ine  was c o n s i s t e n t l y  
g r e a t e r  than red o r  white  oak a c r o s s  a l l  t r e a t -  
ments (Table 1 ) .  Red and white  oak d id  n o t  
d i f f e r  s i g n i f i c a n t l y  i n  he igh t  growth during 
e i t h e r  season,  I n  t h e  no-cut t reatment  (90% 
shade) ,  white  p ine  grew s i g n i f i c a n t l y  t a l l e r  
over t h e  two year  per iod  than red o r  white  oak 
(18.7 cm f o r  white  p ine  v s .  0.8 and 4.5 cm f o r  
red  and white  oak, r e s p e c t i v e l y ) .  Under f u l l  
canopy, oaks grew l e s s  i n  1982 than i n  1981 
whereas white  p ine  showed no d i f f e r e n c e  between 
years .  Red oak he igh t  increment was nega t ive  
during 1982, r e f l e c t i n g  a stem die-back t h a t  
f r e q u e n t l y  occurs  i n  oak (Tworkoski 1982). 

Height growth of white  p ine  was a l s o  g r e a t e r  
than oak under 70% shade (Table 1 ) .  Height 
increments  of white  oak d i d  not  d i f f e r  s i g n i -  
f i c a n t l y  from those of red  oak. However, u n l i k e  
t h e  no-cut t rea tment ,  t h e r e  were no d i f f e r e n c e s  
i n  he igh t  growth f o r  oaks a c r o s s  years  (approxi- 
mately 3 cm both y e a r s ) .  The 1982 white  p ine  
growth two years  a f t e r  p a r t i a l  canopy removal 
was more than twice t h e  1981 increment. 

Yearly he igh t  growth i n  t h e  c l e a r c u t  (0% 
shade) t reatment  d i f f e r e d  from t h e  p a r t i a l  and 
f u l l  shade t rea tments  (Table 1 ) .  Oak, a s  w e l l  
as white  p ine  he igh t  growth was g r e a t e r  i n  1982 
than 1981. The two year  t o t a l  he igh t  growth of 
white  p i n e  was no t  s i g n i f i c a n t l y  g r e a t e r  than 
red oak (24.1 cm VS. 22.4 cm, r e s p e c t i v e l y ) .  
Two year  he igh t  growth of white  oak (11.9 cm) 
was s i g n i f i c a n t l y  l e s s  than red oak and white  
pine.  

Taale 1 Mean height growth of i i ~ : d c r p l n n t e d  cvi~ite oak, 
northern red oak, and white pine seedlings 
In canopy removai treatment areas In 
Patrlck County, VA 

",easur?ient Cpecres 
"rriorl ---------- . . . . . . . . . . . . . . . . . . . . . . . . .  

sol' W(3 t*P 
---Yeight Iccrement tom)-- 

NO CANGPY BS?I3VXL 
1981 3 0 b Z ;  3 3 1 3  9 5 a  
1982 - 2 2 b  ; > a t  9 2 a  
Two 'fear Tozal 3 8 b  4 5 b  1 R 7 a  

PZRTIAL CANOPY REMOVAL 
i9E: 2 9 a  3 2 a  6 4 a  
1982 4 2 1 3  2 7 0  1fj7a 
Tuo Year Tocal 7 i a  5 3 5  2 3 i a  

CCMPLETE CANOPY REMOVAL 
l9al 1 2 a  0 6 a  3 4 a  
1482 2 1 2 a  1 O 3 a  2 3 7 a  
Two Year Total 2 2 4 a  l i 9 b  2 4 1 a  ___________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I( RO=red oaK, WO=wh:ze oak, WP=white Dine. 
=t W~thin each row, means fo:lcwed by the same ~etter are 

not signlflcantly different at alpha level 05 (~arvey's 
Prcceaurei 

Species  comparisons i n d i c a t e  t h a t  diameter  
growth t r e n d s  d i d  n o t  p a r a l l e l  he igh t  growth 
t r e n d s  (Table 2).  Diameter growth i n  1982 of 
a l l  s p e c i e s  was g r e a t e r  than 1981 growth. 
Although white  p ine  diameter  growth was consis-  
t e n t l y  g r e a t e r  than t h a t  of oak, t h e  d i f f e r e n c e  
was no t  s t a t i s t i c a l l y  d e t e c t a b l e  a s  f r e q u e n t l y  
a s  were he igh t  growth d i f f e r e n c e s .  

Table 2. Mean ?lameter growth of underplanted dh;t+ oak, 
northern red cak, anc whlte pine seed,lnys 
In zanopy remo~al treatment areas In 
?atrr=~ Co~nty, VA 

Measr;rrr,ent Specaes 
i i~ir-  Cd - - - -  ---------- . . . . . . . . . . . . . . . . . . . . . . . . .  

n o l /  :.i c WE" 
---D~arne~er Lncrement (ram)-- 

NO CANOPY REMOVAL 
1991 -0.2 a:/ -0.2 a 0.3 a 
1982 C.6 b 0.5 a 2.4 a 
Two Year Tocai 0.4 b 0 3  a 2.7 a 

PARTIAL CANSPY REMOVAL 
1981 0 3 a -0.3 a O.G a 
i982 2.3 ab 0 . 3  b 4 0 a 
?do Year Totai 2.6 a C.5 5 4.3 a 

CCMFLBTE CANOPY REMOVAL 
1981 6.8 a -0.7 b -0.2 b 
1982 5.0 b 3.0 5 9.i a 
Two Year Total 5.5 a 2.3 b 8.3 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l/RO=red oak, WO=whlte oak, %?=white pine. 
TjwithIn each row, means followed by the same letter are 
- not significantly different at a:pha level . 0 5  (3arvey's 

Procedilre) . 

I n  t h e  no canopy removal t reatment ,  d ia -  
meter growth of white  p ine  (2.7 mm) 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  of oak (approximately 
0.5 m ) .  I n  p a r t i a l  shade, diameter  growth of  
white  p ine  (4.0 mm) and red oak (2.6 mm) were 
s i g n i f i c a n t l y  g r e a t e r  than white  oak (0.5 m). 
This  d i f f e r e n c e  is  a t t r i b u t a b l e  t o  1982 growth 
s i n c e  1981 growth f o r  a l l  t h r e e  s p e c i e s  was 

was c l o s e  t o  zero.  Diameter growth of t h e  t h r e e  
s p e c i e s  wi th  complete canopy removal was g r e a t e r  
and followed t h e  same t rend  a s  s e e d l i n g s  grow- 
i n g  under p a r t i a l  canopy removal. Diameter 
increment of white  p ine  (8.3 mm) and red oak 
(5.8 mm) were s i g n i f i c a n t l y  g r e a t e r  than whi te  
oak (2.3 mm) . 





i t  i s  l i k e l y  t h a t  1981 growth was s t r o n g l y  
dependent on e n v i r o m e n t a l  condi t ions  a t  t h e  
time it was f o m e d ,  Thus, i n  canopy r m o v a l  
t rea tments ,  1981 oak growth probably r e f l e c t e d  
preformed shoots  i n i t i a t e d  under a canopy i n  
I980 whi le  1982 growth was i n i t i a t e d  i n  1981 
under moderate o r  no shade condi t ions .  I n  2982, 
growth i n  c l e a r f e l l e d  a r e a s  i*zas g r e a t e r  than i n  
p a r t i a l l y - f e l l e d  a r e a s ,  which i n  t u r n  was g r e a t e r  
than no- fe l led  a r e a s ;  t h e  r e v e r s e  of 1981 
t rends .  It appears  t h a t  oaks underplanted 
s e v e r a l  y e a r s  p r i o r  t o  canopy removal can grow 
quick ly  soon a f t e r  r e l e a s e .  Eowever, i t  is 
important t o  monitor f u t u r e  growth t o  determine 
i f  t h e  rap id  growth cont inues ,  and t o  e v a l u a t e  
how they compete wi th  o t h e r  vege ta t ion .  

CONCLUSIONS 

The r e s u l t s  show t h a t  red and whi te  oak 
s e e d l i n g s  can be p lan ted  under a  f u l l  canopy. 
In t h e  second year  a f t e r  h a r v e s t ,  oak s e e d l i n g s  
grew r a p i d l y ,  suggest ing t h a t  underplanted oaks 
a r e  e s t a b l i s h e d  and compet i t ive  wi th  surrounding 
vege ta t ion .  Regeneration of red and white  oak 
appears  v i a b l e  using a combination of under- 
p l a n t i n g  and shelterwood c u t t i n g  o r  c l e a r f e l l i n g .  
Fu ture  p rogress  of t h e s e  s e e d l i n g s  should be  
monitored t o  determine t h e  longevi ty  of t h e  
r a p i d  growth and t h e  a b i l i t y  of underplanted 
s e e d l i n g s  t o  be a  s i g n i f i c a n t  coinponent of f u t u r e  
s tands .  Addi t iona l  research  is  necessary t o  
e s t a b l i s h  t h e  most s u i t a b l e  t iming of canopy 
removal, if r o o t  systems of underplanted oaks 
con t inue  t o  e n l a r g e  whi le  i n  t h e  understory,  
then a  d e l a y  i n  canopy removal may be d e s i r a b l e .  

As t h e  amount of canopy removal increased ,  
white  p i n e  was mare s e v e r e l y  a t t acked  by white  
p ine  weevil  during t h e  f i r s t  year  a f t e r  canopy 
removal. I n  a d d i t i o n ,  whi te  p ine  grew more 
slowly i n  c l e a r c u t s  than i n  shade, It seems 
l i k e l y  t h a t ,  a t  t h a t  time, t h e  p ine  was physio- 
l o g i c a l l y  adapted t o  shade condi t ions  and could 
not f u l l y  u t i l i z e  t h e  i n c r e a s e  i n  a v a i l a b l e  
l i g h t .  During t h e  second year  a f t e r  canopy 
removal, t h e  e f f e c t  of whi te  p ine  weevil  was 
minimal. It i s  a l s o  probable t h a t  white  p ine  
adapted t o  f u l l  s u n l i g h t  and grew b e t t e r  i n  
c l e a r c u t s  than shade. I f  white  pine weevil  
can be c o n t r o l l e d ,  underp lan t ing  followed by 
c l e a r c u t t i n g  seems a v i a b l e  regenera t ion  system 
f o r  e a s t e r n  white  p i n e  i n  t h e  Piedmont of 
Vi rg in ia .  
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1 / SIJCKERIWG ASJD ROOT CONNECTIOHS OF Sk3ETGm ON CLAYEY SOIL- 

2 / John K,  Francis- 

abstract.--An explora tory  s tudy  of sweetgum sucker ing  
on clayey s o i l s  of t h e  M i s s i s s i p p i  Del ta  was conducted by 
completely o r  p a r t i a l l y  excava t ing  roo t  s y s t e m  of 44 i n d i -  
v i d u a l s  varying from new suckers  t o  sawlog-size t r e e s .  Po- 
s i t i o n  a long  t h e  r o o t  d i d  n o t  i n f l u e n c e  sucker ing  i f  t h e  
r o o t  was t h i c k  enough ( a t  l e a s t  112 inch)  t o  support  a 
sucker .  No r o o t  appeared t o o  l a r g e  o r  o ld  (>I50  y e a r s )  t o  
produce suckers .  The average d i s t a n c e  measured between 
suckers  and t h e  paren t  stump was 4 .7  f e e t .  Suckering from 
r o o t s  above t h e  s o i l  and a s  deep a s  5 inches was observed. 
The average depth of sprout-bearing r o o t s  was 1.35 inches .  
Suckers produced from c u t  t r e e s  must develop independent 
r o o t  systems o r  p e r i s h .  A sucker  t y p i c a l l y  a p p r o p r i a t e s  
t h e  p a r e n t a l  r o o t  from t h e  sucker  outward. Within 1 t o  
5 years  a f t e r  sprou t ing ,  new r o o t s  appear d i r e c t l y  below 
t h e  stem and develop gradua l ly .  Root connect ions between 
suckers  may b e  broken i f  t h e  connect ions a r e  smal l .  I f  the  
r o o t  connect ions a r e  t h i c k ,  t h e  t r e e s  w i l l  remain Joined 
f o r  l i f e .  

Root s p r o u t s  of sweetgum, o f t e n  c a l l e d  
suckers ,  a r e  a d e s i r a b l e  form of reproduct ion.  
They grow r a p i d l y  and o r i g i n a t e  through a wide 
range of h a r v e s t  condi t ions .  Suckers a r e  
thought l e s s  s u s c e p t i b l e  t o  b u t t  r o t s  than 
stump s p r o u t s  (Johnson 1964). Kormanik and 
Brown (1967) repor ted  sweetgum suckers  o r i g i -  
n a t i n g  from prev ious ly  formed suppressed 
buds. They a l s o  noted a marked enlargement 
of t h e  l a t e r a l  r o o t  d i s t a l  t o  t h e  p o i n t  of 
sprou t  o r i g i n .  Hook and o t h e r s  (1970) ob- 
served t h a t  secondary r o o t s  were more 
abundant on small-diameter p a r e n t  r o o t s .  
Height growth of s p r o u t s  was p o s i t i v e l y  cor- 
r e l a t e d  wi th  paren t  r o o t  s i z e  and nega t ive ly  
c o r r e l a t e d  wi th  d i s t a n c e  from stump t o  
s p r o u t .  Development of secondary r o o t  systems 
v a r i e d  somewhat between s o i l  types,  according 
t o  Nook and o t h e r s  (1970). 

I/ Paper presented a t  Second Biennia l  
~ o u 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 4-5 ,  1982. 

2 1  S o i l  S c i e n t i s t ,  Southern Hardwoods 
~ a b o r g t o r y ,  maintained a t  S t o n e v i l l e ,  
M i s s i s s i p p i ,  by t h e  Southern F o r e s t  Experiment 
S t a t i o n ,  USDA Fores t  Serv ice ,  i n  cooperat ion 
wi th  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 Fores t ry  
Experiment S t a t i o n  and t h e  Southern Hardwood 
Fores t  Research Group. 

This  exp lora tory  s tudy  was undertaken 
t o  l e a r n  more about sweetgum suckering on 
t h e  clayey s o i l s  of t h e  M i s s i s s i p p i  Del ta .  
S i t e s  sampled contained s o i l s  from t h e  
Sharkey, A l l i g a t o r ,  Tunica, Tensas, and 
Fores tda le  s e r i e s .  These s o i l s  a r e  s a t u r a t e d  
dur ing  w i n t e r  and s p r i n g  and may dry and 
crack dur ing  l a t e  s u m e r .  

METHOD S 

This i n v e s t i g a t i o n  was guided by f o u r  
ques t ions :  

1. What a r e  t h e  c h a r a c t e r i s t i c s  of 
r o o t s  from which sweetgum suckers  
a r i s e ?  

2. Now long does i t  take  new suckers  
t o  develop independent r o o t  systems? 

3 .  Do r o o t  in te rconnec t ions  p e r s i s t  
through t h e  l i f e  of t h e  stand--or 
through s e v e r a l  genera t ions?  

4 ,  Do sweetgum a p p r o p r i a t e  t h e  connected 
r o o t  systems of i n d i v i d u a l s  t h a t  a r e  
c u t  o r  d i e ?  

A t o t a l  of 44 i n d i v i d u a l  suckers ,  ranging 
from new s p r o u t s  t o  po le -s ize  t r e e s  i n  20 
l o c a t i o n s ,  were excavated and descr ibed .  The 
fol lowing measurements were app l ied  a s  i n d i -  
ca ted  i n  t h e  quesr ions:  depth from which 



s p r o u t i n g  occurred;  th ickness  of paren t  
r o o t ;  d i s t a n c e  t o  paren t  stump o r  t r e e ;  
age of paren t  r o o t ;  sprou t  age and s i z e .  
The r o o t s  of one in te rconnec ted  clump of 
small sawlog-size sweetgum were completely 
excavated and 10 small-to-medium sawlog-size 
connected groups were excavated deeply 
enough t o  expose connect ing r o o t s .  Also, 
more than 50 stumps were dug t o  determine 
whether l i v e  r o o t s  s u s t a i n e d  by r o o t  con- 
n e c t i o n s  were presen t .  Ranges and means 
a r e  given,  a l though t h i s  s tudy  was b a s i c a l l y  
nonquant i t a t ive .  

OBSERVATIONS AND DISCUSSION 

Some observed c h a r a c t e r i s t i c s  of 
sweetgum r o o t s  were a s s o c i a t e d  w i t h  s p r o u t i n g ;  
o t h e r s  were no t .  The s m a l l e s t  r o o t  suppor t ing  
a  s p r o u t  was 0.5 inch t h i c k .  Roots more than 
10 inches  t h i c k  produced s p r o u t s .  Age does 
n o t  apparen t ly  prevent  r o o t  sprou t ing  i n  
t r e e s .  Sweetgums more than 150 years  o ld  
and g r e a t e r  than 50 inches  d.b.h. were ob- 
served wi th  new suckers ,  Minimum age is  more 
d i f f i c u l t  t o  determine. Severa l  small- t o  
moderate-sized r o o t s  (0.5 t o  2 inches)  wi th  
s p r o u t s  were aged from 5 t o  10 years  o l d .  
Very smal l  ( ~ 0 . 5  inches)  and consequently 
young r o o t s  apparen t ly  do n o t  s p r o u t .  
Sap l ings  and small  po les ,  when c u t ,  u s u a l l y  
stump-sprout whi le  l a r g e  t r e e s  mostly 
root-sprout .  

While s p r o u t s  do no t  a r i s e  a t  o r  n e a r  
t h e  r o o t  t i p s ,  they may o r i g i n a t e  anywhere 
t h e  r o o t  i s  l a r g e  enough t o  support  them. 
Distance from sucker  t o  paren t  t r e e  o r  stump 
ranged from 0 t o  30 f e e t .  The average 
d i s t a n c e  was 4 . 7  f e e t .  Root branch order  
per  s e  does no t  appear t o  make any d i f f e r e n c e  
t o  r o o t  sprou t ing  a b i l i t y .  While s p r o u t s  a r e  
probably more common f i r s  t -order  l a t e r a l  
r o o t s  because of t h e i r  s i z e  and proximity t o  
t h e  s u r f a c e ,  s p r o u t s  were f r e q u e n t l y  observed 
on second- and th i rd-order  l a t e r a l s .  

A roo t"  p o s i t i o n  r e l a t i v e  t o  t h e  s o i l  
s u r f a c e  is important .  Although suckers  were 
a t t a c h e d  t o  r o o t s  a s  deep a s  5  inches ,  
s p r o u t i n g  was much more f requent  near  t h e  
s u r f a c e .  Average depth of s o i l  covering 
over sprout-bearing r o o t s  was 1.35 inches ,  
no t  cons ider ing  suckers  a r i s i n g  from r o o t s  
above t h e  s o i l  s u r f a c e .  Sprout ing from ex- 
posed r o o t s  is cornon i n  l a r g e r  t r e e s .  
Almost a l l  sp rou t ing  occur r ing  under closed 
canopies i s  from s u r f a c e  r o o t s  o r  r o o t s  
covered only by d u f f .  I n  warm, s u n l i t  s i t u -  
a t i o n s ,  s p r o u t s  can r i s e  from g r e a t e r  depths.  
A t  one s i t e ,  s p r o u t s  were observed coming up 
through t h i n  a s p h a l t ,  Cornon sprou t ing  
p o i n t s  a long a r o o t  a r e  deep r o o t s  approach- 
i n g  t h e  s u r f a c e ,  shal low r o o t s  tu rn ing  down, 

and b e f o r e  m u l t i p l e  branching ( f i g .  1 ) .  
Severing a  r o o t  p a r t i c u l a r l y  s t i m u l a t e s  
sprou t ing  of t h e  detached r o o t  near  t h e  c u t .  
The i n t e r a c t i o n  of h e a t ,  l i g h t ,  and d i s t u r b -  
ance t o  t h e  paren t  t r e e  on sprou t  s t i m u l a t i o n  
i s  st i l l  unc lear .  

Figure 1.--Typical sweetgum sucker .  

The time requi red  f o r  r o o t  independence 
i n  new suckers  cannot be a s c e r t a i n e d  because 
t h e  process  i s  gradual .  A sprou t  a t t a c h e d  
t o  a  l i v i n g  t r e e  r o o t  o r  s h a r i n g  a  r o o t  w i t h  
o t h e r  s p r o u t s  may b e  a b l e  t o  pinch o f f  t h e  
connection. This  b reak  occurs  when t h e  
sprou t  grows t h i c k e r  a t  t h e  p o i n t  of t h e  
sprou t  on t h e  s i d e  away from t h e  paren t  and 
t h e  r o o t  attachment s t o p s  growing. A c o l l a r  
i s  formed and t h e  attachment d i e s  and r o t s  
away. The r a t e  a t  which t h e  r o o t  is  pinched 
o f f  decreases wi th  t h e  th ickness  of t h e  r o o t .  
A t h i c k  r o o t  ( p r e c i s e  dimension uncer ta in )  
w i l l  no t  be  pinched o f f  a t  a l l .  

A new sucker  a l s o  beg ins  t o  develop 
r o o t s  i n  a d d i t i o n  t o  those  appropr ia ted  from 
t h e  paren t  r o o t  system. These secondary 
r o o t s ,  appearing below t h e  sucker  1 t o  5 
y e a r s  a f t e r  i ts emergence, develop s lowly.  
They a r e  n o t  prominent u n t i l  t h e  sprou t  is 
10 t o  20 years  o l d .  The swollen d i s t a l  
p o r t i o n  of t h e  paren t  r o o t  may dominate t h e  
r o o t  system through t h e  l i f e  of t h e  t r e e .  

More important  than independence from 
r o o t  connect ions is t h e  s p r o u t ' s  a b i l i t y  t o  
produce enough photosynthate  t o  surv ive .  
Often a f t e r  l a r g e  sweetgums a r e  c u t ,  t h e  new 
s p r o u t s ,  unable t o  support  t h e  massive r o o t s  
under them o r  e s t a b l i s h  independence, p e r i s h  
when t h e  r o o t s  d i e  a  year  o r  two l a t e r .  



Root connect ions between suckers  can 
p e r s i s t  through t h e  l i f e  of t h e  s tand .  I n  
s t a n d s  of sprou t  o r i g i n ,  l a r g e  i n d i v i d u a l s  
l o c a t e d  w i t h i n  a few f e e t  of each o t h e r  a r e  
o f t e n  connected ( f i g .  2 ) .  Such i n d i v i d u a l s  
can be a s  many a s  20 f e e t  a p a r t ,  b u t  u s u a l l y  
only 3 o r  4 f e e t .  The connect ing r o o t s  a r e  
l a r g e  and may p a r t i a l l y  prevent  t h e  suppres- 
s i o n  of one i n d i v i d u a l  by t h e  o t h e r .  Sprouts  
maintain only t h e  p o r t i o n s  of t h e  paren t  r o o t  
system t o  which they a r e  a t t ached .  As a 
r e s u l t ,  roo t  networks from l a r g e  t r e e s  do 
no t  p e r s i s t  from one genera t ion  t o  ano ther .  
However, i f  small  t r e e s  a r e  repea ted ly  c u t ,  
they may develop and maintain r o o t  connections 
over  s e v e r a l  coppice genera t ions .  A 
3-generation r o o t  network of young sweetgum 
was observed i n  a firewood c u t t i n g  a rea .  

It might be  argued t h a t  connect ions 
between c l o s e l y  spaced i n d i v i d u a l s  of t h e  
sane  s p e c i e s  a r e  a r e s u l t  of r o o t  g r a f t s  
which commonly u n i t e  c l o s e l y  spaced c o n i f e r s  
and oaks. This  i s  apparen t ly  n o t  t h e  case  
i n  sweetgum. Although g r a f t i n g  does occasion- 
a l l y  occur ,  sweetgum r o o t s  normally i n t e r t w i n e  
without  g r a f t i n g .  Sweetgum in te rconnec t ions ,  
a s i n g l e  r o o t  more o r  l e s s  d i r e c t l y  between 
t r e e s ,  do no t  have t h e  c h a r a c t e r i s t i c  bark  
s t r e a k s  o f t e n  a s s o c i a t e d  w i t h  g r a f t i n g .  

Sweetgum t r e e s  seldom a p p r o p r i a t e  t h e  
connected r o o t  systems of o t h e r  c u t  c r  dead 
i n d i v i d u a l s .  Usual ly,  r o o t  systems and t h e  
connect ing r o o t  d i e  w i t h  t h e i r  top .  The 
two "appropriated" r o o t  systems were smal l  
i n  r e l a t i o n  t o  t h e  r o o t  t h a t  had taken them 
over .  

Figure 2.--Root connect ion between two 
sweetgums of sucker  o r i g i n .  

Sweetgum can be  e a s i l y  regenerated vege- 
t a t i v e l y  (Re l l i son  and o t h e r s  1981). % e t h e r  
r o o t  o r  stump s p r o u t s  a r e  produced depends on 
s t a n d  and h a r v e s t  condi t ions .  Sprouts  from 
r o o t s  o r  t h e  roo t  c o l l a r  a r e  more d e s i r a b l e  
than s p r o u t s  high on t h e  stump. Sprout ing 
can be forced t o  a lower p o s i t i o n  by c u t t i n g  
t h e  stumps very low (Johnson and Krinard 1976) 
o r  by removing them e n t i r e l y .  Young sweetgum 
r e a d i l y  stump-sprout b u t ,  by 50 years ,  they 
l o s e  t h e  a b i l i t y  (Mart indale  1965) .  A t  t h e  
same time, t h e  tendency t o  root-sprout  i s  in-  
c reas ing .  However, s i z e  over about 25 inches  
becomes a l i a b i l i t y - - t h e  suckers  produced a r e  
unable t o  s u s t a i n  t h e  massive r o o t s  from which 
they a r i s e .  Chopping, d i sk ing ,  o r  o t h e r  d i s -  
turbance could a l l e v i a t e  t h i s  problem by 
s e v e r i n g  many smal le r  r o o t s .  It would no t  be  
necessary t o  d i s t u r b  t h e  s o i l  deeply s i n c e  
shal low r o o t s  a r e  t h e  ones t h a t  sprou t .  

A f t e r  a th inn ing  of sweetgum, sucker ing  
w i l l  occur  t o  a l i m i t e d  e x t e n t ,  bu t  t h e  
suckers  do no t  g e n e r a l l y  surv ive  long enough 
under shade t o  be of va lue  as advanced repro- 
duc t ion .  No e f f e c t i v e  ga in  i n  r o o t  s u r f a c e  
occurs  i n  sweetgum by removing connected in-  
d i v i d u a l s .  Root connect ions could b e  a l i a -  
b i l i t y  i f  chemical th inn ing  is  attempted. 
"Flashback," t r a n s l o c a t i o n  of chemical from 
one t r e e  t o  ano ther ,  can cause death of some 
of t h e  remaining t r e e s  (Fenton 1965). Sweetgum 
produce suckers  a11 through t h e  growing seasori,  
They should respond t o  c u t t i n g  s i m i l a r l y  t o  
stump s p r o u t s .  Dormant season c u t t i n g  is b e s t  
f o r  stump sprou t ing ,  b u t  any time of t h e  y e a r  
w i l l  do (Wenger 1953). 

Sweetgum from suckers  grow more r a p i d l y  
than s e e d l i n g s  and have g r e a t e r  r e s i s t a n c e  
t o  b u t t  r o t  than stump s p r o u t s .  Where sweet- 
gum r o o t s  a r e  a v a i l a b l e  f o r  sprou t ing ,  
suckers  should be t h e  p r e f e r r e d  form of  
reproduct ion.  
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TEN-YEAR WSTJLTS PROH TNIWIMG AM ELEVEN-'PEAR-OLD 

STAND OF LOBWLLY PINE ON AM EXCELLENT SITEL/ 

G. K. Xydias, A. H. Gregory, and P. T. SprinzZi 

Abstract.--An eleven-year-old s t a n d  conta in ing  about  640 
t r e e s f a c r e  and 3100 cubic  f e e t  (ob) p e r  a c r e  i n  an a r e a  where 
average s i t e  q u a l i t y  a t  age 25 exceeded 80 f e e t  was thinned t o  
r e s i d u a l  d e n s i t i e s  of 100, 200, o r  300 t r e e s  per  a c r e  o r  l e f t  
unthinned. Although 40 percen t  of t h e  trees o r i g i n a l l y  pre- 
s e n t  i n  t h e  unthinned c o n t r o l  have been l o s t  t o  m o r t a l i t y ,  t h i s  
t rea tment  has  produced more volume of pulpwood and sawtimber 
t e n  y e a r s  a f t e r  t rea tment .  P r o j e c t i o n  of s t a n d  a t t r i b u t e s  
wi th  growth and y i e l d  models impl ies  t h a t  t h i s  s i t u a t i o n  w i l l  
remain unchanged twenty years  a f t e r  t rea tment .  

INTRODUCTION 

The pulp and paper companies i n  t h e  South 
have always been ambivalent toward t h e  r o l e  of 
th inn ing ,  At one p o i n t  i n  t h e ,  t h e  concept 
e x i s t e d  t h a t  t r a d i t i o n a l  p r a c t i c e s  of p l a t i n g s  
a t  c l o s e  spacing and f requent  l i g h t  th inn ings  
t o  sa lvage  m o r t a l i t y  would be  employed, Then a s  
th inn ing  l a b o r  became s c a r c e ,  and numerous s t u d i e s  
pointed o u t  t h a t  pulpwood product ion was maximized 
under a regime of n o t  th inn ing ,  th inn ing  f e l l  i n t o  
d i s f a v o r .  The widespread use  of Chip-H-Saws f o r  
the  u t i l i z a t i o n  of small sawtimber and p r e d i c t i o n s  
of a cont inued spread between pulpwood and saw- 
timber p r i c e s  has  aga in  brought th inn ing  concepts  
i n t o  vogue. 

Cont inen ta l  Fores t  I n d u s t r i e s ,  a wholly 
owned s u b s i d i a r y  of t h e  Cont inen ta l  Group, Inc. ,  
was no d i f f e r e n t  i n  i ts out look .  It was f e l t  
t h a t  a s tudy could provide some i n s i g h t .  As a 
prelude t o  s tudy  es tab l i shment ,  two of t h e  au thors  
of t h i s  paper (Xydias and Gregory) examined 
increment bor ings  from o p e r a t i o n a l l y  thinned 
s t a n d s  of s l a s h  p ine  (Pinus e l l i o t t i i  Engelm,) 
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i n  a v a i n  at tempt t o  d e t e r n i n e  when t h a t  s t a n d  had 
been thinned based on any change i n  r i n g  width 
p a t t e r n s .  The on ly  t r e e  we were a b l e  t o  observe 
increased  r i n g  width a f t e r  a c u t t i n g  opera t ion  
was i n  a c o r e  form about a ten-inch r e s i d u a l  i n  
a young p l a n t a t i o n .  

This  l e a d  us  t o  f e e l  t h a t o n l y a  severe  
th inn ing  would s t i m u l a t e  diameter  growth. A 
g r e a t  d e a l  of growing s tock  would have t o  be 
s a c r i f i c e d  t o  accomplish t h a t  s t imula t ion .  W e  
a l s o  reasoned t h a t  under conventional  p l a n t i n g  
r a t e s  of 600-800 t r e e s f a c r e ,  crown r a t i o s  would 
have dropped to  twenty percen t  by t h e  time t r e e s  
were l a r g e  enough i n  diameter  t o  genera te  enough 
volume f o r  a commercial th inn ing .  This meant cha t  
t h e  s t a n d  would be w e l l  i n t o  t h e  r o t a t i o n  before  
t h e  f i r s t  th inn ing  could be done, and t h a t  i t  
would take  s e v e r a l  years  f o r  t h e  t r e e s  t o  b u i l d  
up enough l i v e  crown t o  show a response t o  th in-  
ning.  By t h a t  time, s t m d  age would be c l o s e  
t o  t h e  n o r m 1  r o t a t i o n  age, and t h e r e  would be 
l i t t l e  oppor tun i ty  f o r  increased  growth. W e  
concluded t h a t  i f  t h i m i n g  could indeed i n c r e a s e  
volume product ion over  a 30-35 year  r o t a t i o n  t h a t  
t h e  b e s t  chance f o r  i t  t o  occur  would be on t h e  
b e t t e r  s i t e s .  I f  i t  f a i l e d  on t h e  b e t t e r  sites, 
then we f e l t  t h a t  t h e r e  was l i t t l e  hope on t h e  
average o r  poor s i t e s  . 

THE STUDY AREA 

The s tudy  a r e a  is  s i t u a t e d  on Cont inen ta l  
Fores t  I n d u s t r i e s  "Frank Heyward" l e a s e  i n  t h e  
sou theas te rn  p a r t  of BulLoch County, Georgia, a 



few miles north of t he  Bulloch-Bryan county l i n e .  
Topography is l e v e l  througl~out t he  area,znd s o i l s  
a r e  predominantly S t i l s o n  (arenic  p l i n t h i c  
paleu2,ult). A t yp i ca l  p r o f i l e  w i l l  have about 
24 inches of f i n e  loamy sand over a sandy c l ay  
B2 horizon a t  depths of about 36 inches. Low 
chroma mot t les  begin t o  appear within 30 inches 
and more than ha l f  of t he  matrix has low chromas 
a t  depths of 35-40 inches. Drainage would be 
considered a s  moderate by SCS designations.  A 
port ion of the  study a rea  is  on Fuquay loamy sand. 
This port ion has a f i n e  loamy sandy surface Lo 
about 36 inches with a sand c lay  B2 horizon 
a t  about 40 inches. Low chroma mott les begin 
t o  appear below 40 inches,  but  the matrix color  
remains br ight  throughout t he  p ro f i l e .  This por- 
t i on  would be considered a s  well  drained by SCS 
designat  ions.  

The study a rea  was a cu l t i va t ed  f i e l d  before 
being planted t o  l o b l o l l y  pine (Pinus taeda L .) 
during t h e  1959-60 p lant ing  season. Seed source 
is unknown, but is presumed t o  have been a l o c a l  
va r i e ty  of l o b l l y  pine.  The understory cons is ted  
of a few sca t te red  indiv iduals  of wax myrtle 
(Myrica c e r i f e r a  &.>, bu t  t he  dominant f ea tu re  
was a l aye r  of pine straw. 

The study was i n i t i a t e d  i n  t h e  e a r l y  spr ing  
of 1971 when t h e  p lanta t ion  had completed eleven 
growing seasons i n  the  f i e l d .  Four treatments 
were i n s t a l l e d  i n  a randomized complete block 
design with three  r ep l i ca t ions  of  each treatment. 
Two of the  blocks were loca ted  on the  S t i l son  
s o i l s  while t he  t h i r d  block was s i t ua t ed  on the  
Fuquay s o i l s .  Trees i n  t h i s  block did not  appear 
t o  be a s  vigorous a s  those i n  t h e  former two 
blocks, although dominant height  was s imi l a r  i n  
a l l  t h r ee  blocks. 

Quarter-acre treatment p lo t s  were l a i d  out  
within each block and the i n t e r i o r  tenth-acre 
served a s  a measurement p lo t .  Treatments 
se lec ted  f o r  comparison were unthinned cont ro l  
and thinning to  res idual  s tockings of 100, 200, 
o r  300 t r ee s l ac re .  Thinning was from below, 
except i n  the more heavily thinned p lo ts ,  with 
emphasis placed on leaving  well  spaced dominant 
t r e e s  r a the r  than i n  upgrading the  stand.  Thus 
many of t he  leave t r e e s  a r e  crooked or  forked. 

The thinning treatments were imposed during 
l a t e  March 1971, using company personnel. Since 
the re  were few shortwood opera tors  i n  t he  a r ea  
a t  t h a t  time a l l  t r e e s  were l e f t  on s i t e  a f t e r  
f e l l i n g .  

MEASUREMENTS 

Each t r e e  within the  measurement p lo t  was 
measured a t  t he  DBH point  p r i o r  to thinning and 
i t s  diameter recorded by row and pos i t ion  within 
the  row. Trees designated a s  leave t r e e s  were 
tagged with a unique number and iden t i f i ed  on 
the  p l o t  t a l l y  shee ts .  Subsequent diameter 
measurements have k e n  obtained annually except 
a t  three,seven,  and e ight  years a f t e r  treatment. 
Heights have been obtained more sporadical ly.  
When the  study was f i r s t  es tabl i shed ,  DBN. and 
t o t a l  height  measurements of  30 t r e e s  i n  each 
block were obtained from the  f e l l e d  t r ee s .  Four 
years a f t e r  treatment, DBW and t o t a l  he ights  were 
obtained from four t o  s i x  t r e e s  i n  each p lo t .  
Eleven years a f t e r  t reatment,  both t o t a l  he ight  
and he ight  t o  a six-inch (ob) top and DBH were 
obtained from s i x  t o  n ine  t r e e s  i n  each p lo t  . 
Height measurements were always obtained over 
t he  range of diameter c l a s se s .  

Heights of a l l  t r e e s  were determined by 
regress ion  of t he  inverse of both diameter and 
height .  This transformation resul ted  i n  a 
l i n e a r  r e l a t i onsh ip  between diameter and he ight ,  
and had co r r e l a t i on  coe f f i c i en t s  of about 0.80 
t o  0.85. Models f o r  i n i t a l  and four-year he ights  
d id  not  d i f f e r  s ign i f i can t ly  by r ep l i ca t ion  o r  
treatment and so a l l  da ta  were combined i n t o  a 
s ing l e  regression f o r  each of these periods. 
Models developed from the  eleven-year da t a  d id  
d i f f e r  s i g n i f i c a n t l y  by treatment. 

Cubic foo t  volumes (ob) t o  a 4 inch top were 
ca lcula ted  f o r  each t r e e  grea ter  than four inches 
DBH, using an equation developed by Coile and 
Schumacher (1964). These volumes can be converted 
t o  standard cords (92 cubic f e e t  of wood and bark) 
by mult iplying them by a facor t h a t  v a r i e s  with 
the  diameter of the t r e e  of mean basal  a rea .  
This f ac to r  can be ca lcula ted  by the  following 
equation : 

The inverse of F is the  cubic f e e t  of wood and 
bark i n  standing t r e e s  needed to  nake a standard 
cord, and va r i e s  from about 86 f o r  s i i - inch  t r e e s  
t o  74 f o r  nine-inch t r ee s .  

Al l  volume ca lcula t ions  were based upon 
measured diameters and he ights  predicted from the  
appropriate diameter-height equations. Fif th-  
year volumes u t i l i z e d  the  fourth-year diameter- 
height  equations and tenth-year volumes u t i l i z e d  
the  eleventh-year diameter-height equations. 
Mortal i ty a t  these two poin ts  u t i l i z e d  the  
appropriate diameter-height equation, applied t o  
the  diameter of the  t r e e  a t  the  time i t  died.  



Table 1.--Stand a t t r i b u t e s  before imposition of the thinning treatments by r ep l i ca t ion  and 
treatment,  

Attq-ibutes by Replicat ion 
Treatment 1 2 3 1 2 3 1 2 3 

, ,Cubic Peet/Acre , , Basal Area/Acre - - TreeslAcre - - 
100 3437 3673 2208 161 174 130 520 616 790 
2 00 3244 34 04 2813 154 172 148 550 696 689 
300 3387 3592 3160 159 176 162 5 34 653 687 

Control 35 17 3437 2865 162 175 15 1 5 04 707 683 

This probably overstated the  volume of mor ta l i ty  Stand a t t r i b u t e s  f i v e  and ten  years a f t e r  
t r ee s ,  s i nce  t he  height  of the  ikh  diameter c l a s s  treatment a r e  shown i n  Table 3. The unthinned 
tended t o  increase  with age, while mor ta l i ty  cont ro ls  s t i l l  have the  g rea t e s t  volume, ten  years 
of ten  occurred e a r l i e r  than when the diameter a f t e r  t reatment.  Basal a r ea  of t h e  300 t r e e s f a c r e  
height  model was derived. treatment i s  approaching the  same l e v e l  t h a t  was 

present  i n  t he  unthinned cont ro ls  when the  study 
was i n i t i a t e d ,  however, volume is grea ter  due t o  

RESULTS t h e  increase i n  height .  

Stand a t t r i b u t e s  a t  t h e  time of thinning 
a r e  given i n  Table 1 f o r  each of the  twelve p lo t s .  
Dominant he ight  a t  age 11 was 54 f e e t ,  and t h i s  
is out  of t he  range of most s i t e  qua l i t y  curves. 
Dominant he ight  a t  age 22 was i n  t h e  80-85 foot  
range i n  t h e  f i r s t  two blocks and about 75 f e e t  
i n  the t h i r d  block. I n i t i a l  basa l  a r ea  was 
reasonably uniform i n  the f i r s t  two blocks, but 
t he re  was more va r i a t i on  than des i r ab l e  i n  t he  
t h i r d  block. 

A t t r i bu t e s  of t r e e s  removed by the thinning 
and of t r e e s  remaining a f t e r  treatment a r e  given 

Mortal i ty l o s se s  over t he  pas t  ten  years 
have been su rp r i s ing ly  modest a s  measured by both 
basa l  a r ea  and cubic f e e t  (Table 4). This i s  t r u e  
even i n  t he  con t ro l  p l o t s  which have experienced 
a l o s s  of almost 40 per cent  of the t r e e s  present  
a t  age 11. 

Table 3.--Stand a t t r i b u t e s  f i v e  and ten years  
a f t e r  imposition of t he  thinning treatments.  

i n  Table 2. I n  t h i s  and subsequent t ab l e s ,  volumes Years Since Treatment 
a r e  f o r  t r e e s  t h a t  a r e  four inches o r  l a r g e r  i n  
diameter, while basal  a r ea  and number of t r e e s  Five Years . - 

a r e  f o r  a l l  t r ee s .  The 100 stem/acre treatment Treatment Cubic Feet Basal Area Trees 
was a severe treatment, removing about 85 percent 
of the  trees and leaving a r e s idua l  basal  a r e a  of 
only 40 square f e e t ,  

Table 2.--Stand a t t r i b u t e s  a f t e r  thinning by 
treatment . 

100 
200 
300 

Control 

Removed and Remained 

Removed by Treatment 
Treatment Cubic Feet Basal Area Trees 

100 2223 11 7 544 
200 1690 92 4 30 
300 1066 6 2 336 

Control 0 0 0 

Remained a f t e r  Treatment 

100 93 1 40 101 
200 1690 74 195 
300 2207 100 2 95 

Control 3106 155 64 2 

100 
200 
300 

Control 

Ten Years 

When volumes removed i n  thinning and l o s t  
t o  mor ta l i ty  a r e  added back i n  t o  the  i n i t i a l  
volume and growth over t he  period, the cont ro ls  
have s t i l l  outproduced the  thinned p l o t s  (Table 
5). Total  production i n  300 t r e e  treatment is 
approacking t h a t  of t he  cont ro ls ,  but t he  t h i m e d  
p l o t s  s t i l l  have produced t en  t o  f i f t e e n  percent  
l e s s  volume, 



A major a rgmen t  f o r  thinning is  tha t  i t  
enhances the production of sawthber-s ize  t r e e s .  
Table 6 shows t h a t  t he  unthinned p l o t s  have a 
g rea t e r  volume of sawtimber-size t r e e s  than the  
thinned p l o t s ,  I f  the sawtirnber t r e e s  a r e  
pa r t i t i oned  i n t o  the components of small and 
l a r g e  sawtimber, with t r e e s  i n  t h e  diztmeter range 
of 8-12 inches being considered a s  small sawtimber, 
and t r e e s  t h i r t een  inches and l a r g e r  being 
considered as l a r g e  sawtimber, only then do the  
100 t r e e  and 2001treelacre p l o t s  have more saw- 
timber volume than the  con t ro l  p lo t s .  Actual 
sawtimber volume di f ferences  a r e  probably l e s s  
than what is shorn i n  Table 6, because not  every 
sawtinber-size t r e e  i n  t he  unth imed p lo t s  is  
of sawtimber qua l i t y ,  

Table 4.--Mortality a t  f i v e  and t e n  years a f t e r  
t reatment.  

Treatment Cubic Feet Basal Area Trees 

F i r s t  Five Years 

308 
Control 

production s tands .  Dofinant he ights  i n  t he  range 
of 80-85 f e e t  a t  age 22 imply a product iv i ty  l e v e l  
t h a t  i s  seldom exceeded. Yet r e s u l t s  obtained 
t o  da t e  a r e  s imi l a r  t o  those of o ther  thinning 
s tud ie s  i n  l o b l o l l y  pine (Sprinz and o thers  1979, 
Burton 1980, Burton 1981, &nn 1952, Belanger 
and Brender 1968) o r  i n  s l a s h  pine (Enghardt and 
Mann 1972, Bennett 1969). That is,  t he  unthinned 
p l o t s  produce more t o t a l  volume but have t r e e s  of 
smaller  average diameter. Other researchers 
have shown t h a t  s imi l a r  t rends  have occurred i n  
spacing s tud ie s  (Harms and Lloyd 1981, Smith 1967, 
and Shepard 1974). Wakeley (1969), however, reported 
tha t  a s ing l e  commercial thinning i n  var ious ly  
spaced s l a s h  and lob lo l ly  pine a t  age 15 d id  not  
have any e f f e c t  on y i e ld s  a t  age 30 when f i n a l  
y i e ld s  p lus  volume removed i n  thinning was con- 
s idered .  However, t he  thinning l eve l s  i n  t h a t  
study were not  a s  wide a s  they were i n  t h i s  
study. 

Table 6.--Volume i n  sawtimber-size t r e e s  
(MBP In t e rna t iona l )  a f t e r  21 growing seasons 

Sawtimber-Size 
Small Large Total  

Treatment (8-12 in . )  (13 in.+) (8 in.+) 

Total  f o r  Period 100 
200 
300 3.3 0.9 4 -2 

Control 4 .O 1 .O 5.1 I 

300 183 6 1 7  
Control 528 2 9 237 

i 
1 

Table 5.--Cubic foo t  production over t he  21-year-life of t he  stand 

Removals 
Treatment I n i t i a l  Thinning Mortal i ty Growth Total  

LO0 93 1 2223 40 1824 5018 
2 00 1690 1690 4 4 2358 5782 
300 2207 1066 183 2545 6001 

Control 3 106 0 528 2655 6289 

DISCUSS ION 

There is  l i t t l e  doubt t h a t  t h i s  study a rea  
is on a highly productive s i t e .  It r i v a l s  t he  
p lanta t ion  reported by Langdon and o thers  (1970) 
i n  zm i n f o r m i  challenge t o  i den t i fy  highly 

Mean diameter of t r e e s  a t  c lose  spacings is 
general ly smaller than a t  wide spacings, due 
t o  t he  inc lus ion  of t he  smaller  intermediate and 
suppressed t r e e s  i n  t he  average. Some researchers  
have reported no d i f ference  i n  average diameter 
between thinned and unthinned stands when t h a t  



average is  based on t h e  same number of t r e e s  m a t  w i l l  happen on t h i s  study is uncer ta in  
(Wakely 1969, Enghardt and 1972, Keis te r  1957, but i t  canz be infer red  from growth and y i e ld  models. 
Andrufot and Wil l i s ton  1974). I n  t h i s  study, mo d i f f e r e n t  approaches were followed. One 
d i f ferences  i n  average d i a m t e r  of t he  l a r g e s t  approach was t o  der ive  a basa l  a r ea  pro jec t ion  
100 t r e e s  per acre  becam apparent very e a r l y  equation using da t a  from t h i s  s tudy.  The equation 
i n  t h e  heavily t h h n e d  p l o t s  and have pe r s i s t ed  u t i l i z e d  a madel adopted from Burkhart and Sprinz 
throughout the  study period (Table 7 ) -  

Table 7.--Average diameter of t he  l a r g e s t  100 t r e e s l a c r e ,  

Time Period 
Trea tmnt  Establishment 5 Pears 10 Pears 10-Year Increase 

Diameter i n  inches 

100 8.5 10.9 12 '6 
200 9.1 11 .0 12 .4 
300 9.2 10.7 11 -5 

Control 9.5 10.9 11.9 

There a r e  cu r r en t ly  more sawtimber-size t r e e s  
on the  cont ro l  p lo t s  and consequently a grea ter  
sawtimber volume. This i s  cont rary  t o  expectat ions 
t h a t  thinning should increase  sawtimber volume. 
It i s  cons i s t en t  with the  r e s u l t s  of Burton (1980), 
who showed i n  t he  'Sudden Sawlog Study', t h a t  while 
heavily thinned p lo t s  had more sawtimber volume 
a t  age 18 than the  con t ro l  p lo t s ,  a l l  d i f ferences  
had disappeared by age 33. The thinning treatments 
acce l e ra t e  ingrowth i n t o  t h e  sawtimber category, 
but any gains narrow a s  ingroweh occurs i n  t he  
cont ro l  p lo t s .  This is  i l l u s t r a t e d  by Table 6 
where the  unthinned p l o t s  have a grea ter  volume of 
small sawtimber than the  thinned p lo t s  and l e s s  
l a r g e  sawtimber. 

Nann (19521, suggests  t h a t  unthinned na tu ra l  
s tands  w i l l  usually show more cubic foot  production 
until. somewhcre around age 35 when heavy mor ta l i ty  
reduces y i e ld s  on unthinned p l o t s .  I n  t h i s  study 
even though 40 percent of t h e  t r e e s  i n  t h e  con t ro l  
p l o t s  have been l o s t  t o  mor ta l i ty ,  very l i t t l e  
volume has been l o s t .  This w i l l  undoubtedly change 
Fn t h e  fu tu re .  Other researchers have reported 
t h a t  thinned p lo t s  produce more t o t a l  volurne than 
unthinned cont ro ls .  Wilson (19551, reported t h a t  
thinned p l o t s  of red pine (Pinus resinosa e) 
produced one percent more cubic volume and t h i r t y -  
two percent more board foot  voltme a t  age 41 than 
unthinned p l o t s ,  Wahlenberg (1955) reported t h a t  
thinned p l o t s  of ea s t e rn  white pine ( P h u s  s t robus  
L,) produced th i r ty- f ive  percent  more cubic vo1 - 
and f i f t y  percent more board foot  volume a t  age 
56 than unth lmed p lo t s ,  however, the  80-year 
r e s d t s  from the  sane study a rea  suggested t h a t  
cubic foo t  and board foot  y i e ld s  were s imi l a r  f o r  
both t he  thinned and unth imed p l o t s  (Della-Bianea, 
1982) , 

(1982), and has the  form: 

where Ln = na tu ra l  log  
BA1 and BA2 = basa l  a r ea s  a t  age A1  and 

A2 respect ive ly  
bo = regress ion  coe f f i c i en t  

h a l y s i s  suggested t h a t  use of a separa te  
coe f f i c i en t  f o r  each thinning l e v e l  gave a s l i g h t l y  
b e t t e r  f i t  t o  the  da t a  than use of a connnon 
coe f f i c i en t .  The improvement i n  accuracy by 
using separa te  coe f f i c i en t s  was not  l a rge  however, 

Solution of t h i s  equation using separa te  
coe f f i c i en t s  f o r  each treatment showed a very good 
f i t  between ac tua l  and predicted basa l  a r ea s  
throughout t he  ten-year l i f e  of t he  study. Extrapo- 
l a t i o n  of t he  equation t o  age 26 and 31 implies t h a t  
basa l  a r ea  of t he  cont ro l  p l o t s  w i l l  s t a b i l i z e  a t  
about 200 square f e e t  with basa l  area of t h e  thinned 
p l o t s  f a l l i n g  below t h i s  l e v e l  (Figure 1) . Note 
t h a t  a l l  of the  curves a r e  tending toward diminishing 
basa l  a r ea  growth even within t he  range of t he  
observed da ta .  Since volumes a r e  l a rge ly  d i c t a t ed  
by basa l  a r ea  when s i t e  qua l i t y  is held constant ,  
t"ns suggests  t h a t  s t m d i n g  volume w i l l  always 
be g rea t e r  i n  t he  unth imed p lo t .  

Burkhart and Sprinz (1982) present  pro jec t ion  
equations for  e s t i m t i n g  both cubic volume and 
board foot  volume i n  thinned Loblolly o ld  f i e l d  
p lanta t ions  based upsn stand a t t r i b u t e s  a t  t h e  
time of thinning,  These equations a r e  derived 
from a da ta  s e t  cons is t ing  of one t o  three  observa- 
t i ons  of 103 perznanent p l o t s  throughout t he  P i edmnt  
and Coastal P l a in  of Virg in ia .  Solution of these  



Years s ince  treatment 

Figure 1 .  Trends i n  ac tua l  and projected 
basa l  a rea  

equations using stand a t t r i b u t e s  of t h i s  s tudy 
ten  years  a f t e r  thinning a s  a base o r  a t  age 21, 
and pro jec t ing  the  stand forward t o  age 41 i n  
five-year increments was the  bas i s  f o r  the  second 
approach. Results  suggest  t h a t  both t o t a l  
volume and board foo t  volume w i l l  be g rea t e r  i n  
t h e  cont ro l  p l o t s  a t  a l l  ages i n  t he  pro jec t ion  
period. This is  cont rary  t o  pro jec t ions  of the 
thinned stand model developed by Clut te r  and Jones 
(1981) f o r  a s imi l a r  da t a  base but  f o r  s l a s h  
pine; however, these  d i f ferences  may be explainable 
by d i f ferences  i n  t h e  growth hab i t s  of t he  two 
species .  

Data from t h i s  and o ther  s tud i e s ,  and the  
r e s u l t s  from the  pro jec t ion  of growth and y i e ld  
models suggest t h a t  thinning w i l l  not enhance 
sawtimber volume i n  t he  long run. Conclusions 
a r r ived  a t  from projec t ions  of growth and y i e ld  
models should be viewed with caution s ince  extra-  
pola t ion  beyond the  l i m i t s  of t h e  da ta  base f o r  
any model can lead  t o  erroneous r e s u l t s .  Even 
i f  t he  ext rapola t ions  used here a r e  r e a l i s t i c ,  
such r e s u l t s  do not  necessar i ly  imply t h a t  thin-  
ning has no r o l e  i n  p lanta t ion  management, It 
can a l t e r  wood flows and r e s u l t  i n  t r e e s  of l a r g e r  
average diameter which should i n  t u rn  lower 
harvest ing c o s t s ,  This may r e s u l t  i n  a b e t t e r  
u n i t  p r i ce  fo r  t he  same comodi ty  than i n  an 
unthinned stand. Thinning w i l l  s t imula te  diameter 
growth p a r t i c u l a r l y  f o r  t he  l a rge r  t r e e s  and w i l l  
reduce the  time i n  which more valuable sawtimber- 
s i z e  t r e e s  can be produced, however, t h i s  e a r l y  
advantage w i l l  be l o s t  a s  t r e e s  a t t a i n  t he  thres-  
hold diameter f o r  sawtimber i n  the  unth imed 
s tands  . 

ry, thinning should not  be viewed a s  
a means of increas ing  production by the  salvaging 
of mor ta l i ty  under r o t a t i o n  lengths commonly 

eorployed by f o r e s t  industry.  It is a means of 
meeting m i l l  requirements without the  need f o r  
c o s t l y  s i t e  preparat ion and planting,  and t o  improve 
the  f i nanc i a l  r e tu rn  a t  hames t ing  i n  those a r eas  
where t he  same volume of wood is more valuable a s  
sawtimber than a s  pulpwood. 
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PRECOWRCIAL THIEJNING FOR THE PRIVATE, NONINDUSTRUL LmDOWER: 

Abstract .--Precomercial  thinning i n  dense s tands  of l ob lo l ly  
(Pinus taeda L.) and sho r t l ea f  (x, echinata Mill . )  pine is a proven 
management technique f o r  increas ing  diameter growth on r e s idua l  stems. 
Four precommercial thinning methods (mechanical s t r ip- th inning ,  s e l e c t i v e  
hand-thinning , soil-applied herb ic ide ,  and prescribed f i r e )  a r e  discussed. 
These thinning methods provide management a l t e r n a t i v e s  f o r  p r iva t e ,  
nonindus t r ia l  landowners who hold over 70 percent  of t h e  c o m e r e i a l  
f o r e s t  land i n  t he  South. 

INTRODUCTION 

Considerable research has been done empha- 
s i z ing  t h e  need f o r  p recomerc i a l  thinning i n  
young lob lo l ly  pine stands (Bower 1965, Grano 1969, 
Jones 1974, Keis te r  and McDemid 1968, Lohrey 1972 
and 1977, and W i l l i a m s  1974). When properly 
executed, such thinnings can increase  t h e  growth 
and shorten the  ro t a t i on  of crop t r ee s .  In  addi- 
t i o n  t o  promoting growth, precormnercial thinning 
o f t en  increases  forage f o r  l ives tock  and wild- 
l i f e  and reduces r i s k s  from los se s  by f i r e ,  i n sec t s ,  
d iseases  and weather ( W n  and Lohrey 1974). 

Several  a l t e r n a t i v e s  a r e  ava i l ab l e  f o r  pre- 
commercially thinning young pine stands.  This 
paper d iscusses  four techniques (mechanical s t r i p -  
thinning,  s e l e c t i v e  hand-thinning, soi l-applied 
herb ic ide ,  and prescribed f i r e )  cur rent ly  being 
t e s t e d  i n  a s e r i e s  of s tud i e s  i n  south Arkansas, 
descr ibes  t h e i r  advantages and aisadvantages i n  
appl ica t ion  and includes some preliminary r e s u l t s .  
The b e s t  a l t e r n a t i v e  f o r  f i e l d  appl ica t ion  may 
depend on whether t he  s tand  i s  even-aged o r  uneven- 
aged, 

I /  Paper presented a t  t he  Southern Si lv i -  
cultuTal  Research Conference , Atlanta ,  Georgia, 
Novmber 4-5, 1982, 

21 Associate S i l v i c u l t u r i s t ,  Southern Forest  
~ ~ e r z m e n t  S ta t ion ,  USDA Forest  Service,  Crosse t t ,  
k k a n s a s  71635. 

Study Areas 

The four  p recomerc i a l  thinning s tud ie s  a r e  
located on the  Crosset t  Experimental Forest  i n  
Ashley County, Arkansas, The s o i l  on the  
Experimental Forest  is pr inc ipa l ly  Bude si l t  loam 
(Glossaquic Fragiudal fs ) ,  b u t  some Providence s i l t  
loam (Typic Fragiudalfs)  is associated with it 
(USDA 1979). Both s o i l s  a r e  l oes s l a% depos i t s  
with an impervious l aye r  a t  3.8 t o  40 inches t h a t  
impedes i n t e r n a l  drainage. Both have high poten- 
t i a l  product iv i ty  f o r  l ob lo l ly  pine wi th  cr s i t e  
index of 90 f e e t  a t  50 years.  Seasonal wetness 
may l i m i t  t he  use of equipment f o r  woodland 
mnagement. 

The s tud ie s  u t i l i z i n g  mecfhs%nieal s t r i g -  
thinning and prescrfbed f i r e  a r e  located on a 
10-acre area ,  o r ig ina l ly  occupied by a mixed pine/  
hardwood stand,  which was c leared  i n  1971 f o r  a 
research p lant ing  area.  I n  1972, pine seeded i n  
from adjacent  s tands ,  but t h a t  reproduceion was 
mowed i n  t he  f a l l  of 1973 t o  maintain a s i t e -  
prepared a r ea  f o r  planting.  I n  1974-75, t h e  
area  reseeded na tu ra l ly  with l ~ t r l o l l y  and shor t -  
leaf  pine and remained undisturbed u n t i l  1979. 
A t  t h a t  time an inventory was conducted and t h e  
area  was found t o  contain an average of 16,680 
pine seedl ings  per acre ,  

P lo t s  f o r  t he  s tud i e s  invcllving s e l e c t i v e  
hand-thinning and soil-applied herb ic ide  a r e  
loca ted  throughout t he  Experimental Forest  i n  dense 
patches of advanced pine reproduction, The s tands  
i n  which these  p l o t s  a r e  located are rrtade up of a 
mixture of l ob lo l ly  and shor t leaf  pine managed 
under t h e  s e l ec t ion  system s ince  the  1930%* 
Reproduction dens i ty  on these  p l o t s  ranged from 
1,000 t o  6,000 pines per acre  f o r  s t e m  lees than 
4 inches dbh a t  t he  time of t reatment,  



Study I n s t a l l a t i o n  

lqechanical Strip-Thinning 

Following a pretreatment  inventory i n  t h e  
f a l l  of 1979, twelve p l o t s  of square o r  rec- 
t angular  conf igura t ion  (0.4-acre each) were 
e s t a b l i shed ,  Two treatments--mechanical s t r i p -  
th inn ing  and controls--were assigned i n  a com- 
p l e t e l y  randomized design.  

Thinning was done i n  October 1979 using a 
six-foot-wide, heavy-duty r o t a r y  mower (Bush 
Hog, Model 406) a t tached  t o  an i ndus t r i a l - s i z e ,  
wheeled t r a c t o r  (Ford 532, d i e s e l ) .  Cut swaths 
were 12 f e e t  wide and a l t e r n a t e d  with 1-foot- 
wide uncut s t r i p s .  

To t a l  he igh t  was measured t o  t h e  nea r e s t  
0.5 f oo t  and dbh t o  t h e  nea r e s t  0 .1 inch on a l l  
l i v i n g  p ines  wi th in  sy s t ema t i ca l l y  e s t ab l i shed  
subplo ts  represen t ing  a 3-percent sample of an 
i n t e r i o r  0.2-acre measurement p l o t .  These 
measurements were taken i n  t h e  f a l l  of 1979 a f t e r  
th inn ing  and aga in  i n  t h e  f a l l  of 1981. Individ- 
u a l  t r e e  d a t a  were averaged on a plot-by-plot 
ba s i s .  Pine cubic-foot volumes were computed 
from he ight  and diameter d a t a  (Perry and Roberts 
1964). The 1981 growth d i f f e r ences  between 
treatments  were t e s t e d  f o r  s i gn i f i c ance  by 
a na ly s i s  of var iance  a t  t h e  0.05 l e v e l .  

Se l e c t i ve  Hand-Thinning 

I n  October 1980, 36 c i r c u l a r  p l o t s  of 0.05 
a c r e  each were e s t ab l i shed  i n  dense patches of 
advanced p ine  regenera t ion  w i th in  uneven-aged 
s tands .  P ine  reproduction ( 1  t o  4 inches dbh) 
averaged over 1,000 stems per  a c r e  on 0.02-acre 
measurement p l o t s  wi th in  t h e  0.05-acre gross  
p lo t s .  Some p l o t s  a l s o  contained pulpwood s i z e  
(4 t o  7 inches dbh) andlor  overs tory  pines (7- 
inch o r  l a r g e r  dbh c l a s se s ) ;  t he se  stems were 
used f o r  c a l cu l a t i ng  a pretreatment  competition 
index (Daniels 1976). P l o t s  were s t r a t i f i e d  
according t o  i n i t i a l  percent  s tocking  of p ine  
(McLemore 1981); then four  th inn ing  t rea tments ,  
with 9 r e p l i c a t i o n s  each, were assigned a t  
random. 

The fou r  t reatments  included a con t ro l ,  t h i n  
t o  800 stems per  a c r e ,  t h i n  t o  500 stems per  
a c r e ,  and t h i n  t o  200 s t e m s  per  acre .  These 
s e l e c t e d  t reatments  were based on recomended 
post- thinning d e n s i t i e s  f o r  rap id  diameter growth 
i n  even-aged l o b l o l l y  p ine  s tands  (Wnn and 
Lohrey 1974), turell-formed dominants and co- 
dominants were l e f t  t o  provide uniform spacing. 

Hand th inn ing  was done i n  October 1980 by a 
two-man crew using one small  chain saw and one 
machette. Hardwoods were stem in j ec t ed  wi th  
undi lu ted  Tordon lOlR i n s i d e  t h e  boundary of 
each 0.05-acre p l o t  i n  t he  sp r i ng  of 1980, p r i o r  
t o  thinning.  

Af te r  th inn ing  i n  t h e  f a l l  of 1980, r e s i d u a l  
p ines  on thinned p l o t s  p lu s  800 pretagged domi- 
nants  and codominants per  a c r e  on con t ro l  p l o t s  
were measured. To t a l  he igh t s  were taken t o  t h e  
nea r e s t  f oo t  and dbh t o  t h e  nea r e s t  0.01 inch.  
I n  t h e  f a l l  of 1981, a l l  surv iv ing  pines were 
remeasured and means ca l cu l a t ed  on a plot-by- 
p l o t  b a s i s ,  Cubic-foot volumes were computed 
from he ight  and diameter da t a  (Perry and Roberts 
1964). Af te r  f i v e  yea r s ,  growth d a t a  w i l l  be  
subjec ted  t o  covariance ana ly s i s  wi th  p r e t r ea t -  
ment competition index and pretreatment  percent  
s tocking  a s  concomitant va r i ab l e s .  

Soil-Applied Herbicides 

I n  March 1980, 16 c i r c u l a r  p l o t s  of 0.05 a c r e  
each were e s t ab l i shed  i n  dense patches of advanced 
pine reproduction wi th in  uneven-aged s tands .  For 
stems l e s s  than 4 inches dbh, over 2,000 p ines  
per  a c r e  and up t o  3,000 hardwoods per  a c r e  were 
recorded on t he se  p l o t s .  P l o t s  were blocked on 
t h e  b a s i s  of i n i t i a l  p ine  dens i t y  and four  
t reatments  were assigned a t  random wi th in  each 
block t o  t e s t  t he  e f f i c acy  of ve lparR (hexazinone) 
f o r  precommercially th inn ing  p ine  reproduction 
and f o r  con t ro l l i ng  hardwoods. 

We used 2cc   rid ball^ p e l l e t s  (10 percent  
a c t i v e  ingred ien ts )  f o r  t h e  t reatments  t h a t  
included:  con t ro l ;  2 l b s .  a . i . l a c r e  on a g r i d  
of 4.25 f e e t  by 4.25 f e e t ;  4 l b s .  a . i . / a c r e  on 
a g r i d  of 3 f e e t  by 3 f e e t ;  and 6 l b s .  a . i . 1  
a c r e  on a g r i d  of 2.45 f e e t  by 2.45 f e e t .  The 
p e l l e t s  were hand placed i n  l a t e  Apr i l  1980 
during c l e a r  and warn weather. Over t h e  next  
four  weeks, r a i n f a l l  accumulation a t  t h e  
Experimental Fores t  was 8.75 inches.  A t  l e a s t  
3 t o  4 inches of r a i n f a l l  a r e  needed f o r  s o i l  
a c t i v a t i o n  of t h e  chemical (E. I. DuPont 1979). 

I n  March 1980, a l l  l i v i n g  pines and hardwoods 
w i th in  each 0.05-acre p l o t  were measured a t  dbh 
t o  t h e  nea r e s t  1-inch c l a s s .  Stems (3.5 inches 
dbh were categorized a s  understory regenera t ion ,  
and those  23.6 inches dbh a s  overstory.  P ine  
and hardwood d a t a  were summarized s epa ra t e ly  by 
understory and overs tory  components on a p lo t -  
by-plot ba s i s .  In  t h e  f a l l  of 1981, a11  surviv-  
ing stems were remeasured t o  determine t h e  e f f e c t  
of ~ e l p a r R  on p ine  and hardwood dens i ty  by s i z e  
c l a s s .  



Prescr ibed  F i r e  

I n  February 1982, a 0.35-acre p l o t  and a 
0.50-acre p l o t  were e s t ab l i shed  i n  an 8-year-old 
n a t u r a l  s tand  of l ob lo l l y / sho r t l e a f  p ine  regen- 
e r a t i on .  P ine  dens i t y  averaged 12,000 stems 
per  a c r e  wi th  48 percent  of t h e  stems ranging i n  
he ight  from 10 t p  28 f e e t .  A l l  o t he r  p ines  were 
l e s s  than 10 f e e t  t a l l .  

Both p l o t s  were prescr ibed  burned using 
ba c k f i r e s  s e t  wi th  a 4 : l  d i e s e l  o i l f g a s o l i n e  
mixture from a d r i p  torch.  Burning on t h e  0.35- 
a c r e  p l o t  began a t  11:45 a.m. on February 22. 
Wind speed was 6 mph from t h e  SE; temperature 
was 760 F; r e l a t i v e  humidity was 26%; and f i n e  
f u e l  moisture was 6%. There was no p r e c i p i t a t i o n  
recorded 6 days p r i o r  t o  burning,  bu t  drying 
p o t e n t i a l  was poor u n t i l  one day preceding t h e  
bum.  

Burning on t he  0.5-acre p l o t  began a t  12 
noon on March 8. Mind speed was 6 mph from t h e  
SW; temperature was 60° F; r e l a t i v e  humidity 
was 30%; and f i n e  f u e l  moisture was 6%. Precip- 
i t a t i o n  w i th in  7 days preceding t he  b u m  was 
over a 12-hour per iod ,  ending 48 hours p r i o r  
t o  burning with a 0.75-inch accumulation. 

P r i o r  t o  burning,  t o t a l  he igh t  t o  t h e  
ne a r e s t  0.5 f oo t  and dbh t o  t h e  nea r e s t  0 .1 inch 
were measured on a l l  l i v i n g  p ines  wi th in  2 1  
sys temat ica l ly  e s t ab l i shed  mi lacre  subplo ts  
represen t ing  2.5 percent  of t h e  a r e a  t o  b e  burned. 
Data were summarized by t h r e e  he ight  c l a s s e s  
(54.5 f e e t ,  5.0 t o  9.5 f e e t ,  and 210 f e e t ) .  

Before burning,  ground f u e l  samples were 
taken f o r  weight determinat ion w i th in  3 randomly 
e s t a b l i shed  0.02-milacre subplo ts  near  t he  cen t e r  
of t h e  burn a rea .  Samples cons is ted  of a l l  
l i t t e r  down t o  mineral  s o i l .  These samples were 
a i r -dr ied  f o r  48 hours p r i o r  t o  weighing. Three 
a dd i t i ona l  samples were taken wi th in  24 hours 
a f t e r  t h e  burn. 

Shor t ly  a f t e r  t h e  burn, he igh t  of stem bark 
char  was measured t o  t h e  nea r e s t  0 .1 f oo t  on 
each surv iv ing  p ine  wi th in  t h e  21 prees tab l i shed  
subplo ts .  These da t a  were taken a s  an es t imate  
of flame he ight  (McNab 1977) and used f o r  
c a l c u l a t i ng  f i r e  i n t e n s i t y  (Byram 1959). 

I n  e a r l y  summer 1982, a l l  surv iv ing  p ines  
on prees tab l i shed  subplo ts  were remeasured t o  
t h e  nea r e s t  0.5 f oo t  i n  he ight  and 0.1 inch dbh 
t o  d e t e m i n e  change i n  dens i t y  by s i z e  c l a s s  
fol lowing t h e  f i r e .  

RESULTS AND DISCUSSION 

Mechanical Strip-Thinning 

This  th inn ing  technique r e su l t ed  i n  an 89 
percent  reduct ion i n  p ine  dens i ty .  Of t h e  res id-  
u a l  1,920 p ines  per  a c r e  fol lowing th inn ing ,  650 
were 54.5 f e e t  t a l l ,  860 were between 5.0 and 
9.5 f e e t  t a l l ,  and 410 were 210 f e e t  t a l l .  Stems 
10 f e e t  and t a l l e r  a t  t h e  time of th inn ing  w i l l  
probably become the  crop t r e e s .  A time t r i a l ,  
a s  p a r t  of t h i s  s tudy,  showed t h a t  thinning could 
be  done on a production b a s i s  a t  t h e  r a t e  of 1.5 
a c r e s  per  hour. 

Two years  a f t e r  th inn ing ,  mean diameters  of 
dominants ( ~ 1 0  f e e t  i n  he ight )  on thinned 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  than those  on con t ro l  
p l o t s  ( t a b l e  1 ) .  Mean he igh t s  and cubic-foot 
volume per  t r e e  f o r  dominants d id  not  d i f f e r  
s i g n i f i c a n t l y  between treatments .  

Table 1. - -Measurements on p ines  10 f e e t  and 
t a l l e r ,  two years  a f t e r  mechanical s t r i p -  
th inn ing  

: Diameter : Tota l  : Volume 
Treatment: b r ea s t  he igh t :  he igh t  : per  t r e e  

Inches Feet  Cubic f e e t  
Control  1.49 a* 14.9 a 0.20 a 
Thinned 1.94 b 14.0 a 0.24 a 

* Within-column 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  (0.051.. 

From 1979 t o  1981, p ine  dens i ty  on c o n t r o l  
p l o t s  decl ined by more than 2,000 stems pe r  a c r e ,  
l eav ing  approximately 14,500 stems, a s  a r e s u l t  
of n a t u r a l  mor t a l i t y .  Density on thinned p l o t s  
remained a t  about 2,000 stems per  a c r e  over  t h e  
same two-year period.  

Se l ec t i ve  Hand-Thinning 

Even though p ine  dens i t y  on con t ro l  p l o t s  
averaged over 1,400 stems per  a c r e ,  t h e  1981 
annual growth of pretagged p ines  was equa l  t o  
t h a t  of p ines  on p l o t s  thinned t o  800 and 500 
stems per  a c r e  ( t a b l e  2) .  

Table 2. - - Growth of surv iv ing  pines i n  1981 
on p l o t s  t h a t  were s e l e c t i v e l y  hand thinned 

: Mean annual growth per  t r e e  

Treatment : DBH : Height : Volume 

Inches Feet Cubic f e e t  - - 
Control  
(800  om-Codom/acre) 0.14 1.08 0.07 
800 stems / a c r e  .14 .80 .05 
500 s temslacre  .16 .92 .05 
200 s temslacre  .27 1.11 .16 



A t  200 stems per acre ,  a m u a l  pine growth 
i n  diameter and volume was near ly  twice t h a t  of 
pines i n  o ther  t reatments,  Competition from 
overstory pines i n  these  all-aged s tands  prob- 
ably cont r ibutes  t o  t he  slow growth r a t e  of 
understory regenerat ion,  and i t  f s  too ea r ly  t o  
specula te  a s  t o  which p recomerc i a l  thinning 
r e g h e  insures  optimm growth under these  con- 
d i t i ons .  

Hand thinning a 15-year-old na tu ra l  s tand 
of l ob lo l ly  pine from 5,000 stems t o  680 stems 
per acre  resul ted  i n  accelerated diameter growth 
over a three-year period (Bower 1965). On 
r e l a t i v e l y  small  a reas ,  a s  t e s t ed  i n  t he  present  
s tudy,  s e l e c t i v e  hand-thinning may be an a l t e r -  
na t ive  t o  o ther  p recomerc i a l  thinning techniques, 
because thinning time averaged only 4 t o  7 minutes 
per  0.05-acre p lo t .  

Soil-Applied Herbicide 

Density of pines and hardwoods was monitored 
f o r  two growing seasons following herbic ide  appli-  
cat ion.  During t h a t  two-year period,  dens i ty  of 
pines l e s s  than 4 inches dbh declined on cont ro l  
p l o t s  a s  much a s  on chemically t r ea t ed  p l o t s  
( t a b l e  3 ) .  

Table 3. - - Percent decrease i n  pine and hardwood 
stems <4 inches dbh using soil-applied herb ic ide  

: Change i n  stocking a f t e r  

Treatment : Pine : Hardwood 

Control -20 - 9 
2 l b s  a . i , / a c r e  -22 -58 
4 l b s  a , i .  l a e r e  -16 -56 
6 l b s  a , i . / a c r e  -21 -81 

Since pine dens i ty  averaged over 1,000 stems 
per acre ,  two years a f t e r  t reatment,  velparR 
~ r i d b a l l s ~  were i ne f f ec t ive  f o r  p recomerc i a l  pine 
thinning on silt loam s o i l s  a t  t he  r a t e s  tes ted .  

The dec l ine  i n  hardwood density was d i r e c t l y  
r e l a t ed  t o  t h e  herbicide treatment,  with t h e  
highest  r a t e  of appl ica t ion  being the  most effec- 
t i v e  f o r  cont ro l  of hardwoods l e s s  than 4 inches 
dbh. Overstory hardwoods were more e a s i l y  con- 
t r o l l e d  than mder s to ry  st-, probably because 
more of t h e i r  root  systems were i n  contact  with 
t he  herbicide.  

On l i g h t e r  textured s o i l s  than those i n  t h i s  
s tudy,  ~ e 1 p a r R  ~ r i d b a l l s R  may be usefu l  f o r  pre- 
c o m e r c i a l  t h i m i n g  of pine regeneration. Southern 
pine seedlings less than f i v e  years of age w i l l  
most l i k e l y  be injured o r  k i l l e d  by t h i s  chemical 

(E ,  I. DuPont 1979). However, pine sapl ings  and 
pine t r e e s  appear t o  be more to l e r an t  t o  velparR 
i f  t he  t r e e s  a r e  not  s t r e s sed  by in sec t s ,  d iseases  
o r  c l imat ic  fac tors .  

Prescribed F i r e  

The r a t e  of spread f o r  t h e  burns averaged 
2.3 f e e t  per minute with an average flame height  
of 1.7 f e e t ,  Ground f u e l ,  cons is t ing  mainly of 
pine l i t t e r  and grasses ,  weighed 3.9 tons per  
ac re  (air-dry) before  t he  f i r e  and 1.1 tons a f t e r  
burning. 

Burning reduced pine density from 11,917 
t o  5,876 s t a s  per  acre ,  Most of t ha t  reduction 
was i n  sterns l e s s  than 10 f e e t  t a l l  ( t a b l e  4) .  
Mortal i ty of pines i n  t he  l a rge r  s i z e  c l a s s  was 
negl ig ib le .  

Table 4. - - Pine measurements before and a f t e r  
prescr ibe  burning 

: t o  : : Weighted 
Variable :( 4 . 5 ' :  9.5' : 2 10': Totals:  means 

--------- Stemslacre---------- 

Density 
Before 3,431 2,722 5,764 11,917 
After  0 570 5,306 5,876 

Tota l  H t .  
Before 2.4 7.1 16.2 10.7 
Af ter  - - 8.0 17.6 16.7 

DBH - 
Before - - 0.27 1.64 1.24 
After  - - 0.42 1.78 1.66 

F i r e  i n t ens i ty  was ca lcula ted  a s  17 Btu per  
second per  foo t ,  which is  comparatively low 
according t o  Byram (1959)- A low in t ens i ty  burn 
is a l s o  indica ted  by t h e  high r a t e  of su rv iva l  
following treatment. Because pine density was 
extremely high and average dbh of t he  t a l l e s t  
s t e w  was l e s s  than 2 inches,  h o t t e r  f i r e s  could 
have destroyed the  stand.  More e f f ec t ive  pre- 
c o m e r c i a l  thinning with f i r e  has been achieved 
i n  southern pine stands having a wider range of 
d i m e t e r s  and lower dens i t i e s  than those found i n  
t h i s  study (McNab 1977, and Nickles, e t  a l .  1981). 
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1 / RESULTS AFTER 21 YEARS I N  PRECOMERCIALLY THINNED DIRECT-SEEDED SOUTHERPJ PINE STANDS-- 

2 / Robert M,Farrar, Jr.- 

Abstract.--Results of a precommercial th inn ing  t o  a  
nominal 8x8-ft spacing a t  age 3 i n  broadcast  direct-seeded 
s t a n d s  of t h e  four  major southern p i n e s  i n  t h e  East  Gulf 
a r e  repor ted  when s t a n d s  a r e  21 y e a r s  old.  I n  l o b l o l l y ,  
s h o r t 1  e a f ,  and s l a s h  p ines ,  th inn ing  r e s u l t e d  i n  s i g n i f  i- 
c a n t l y  fewer t o t a l  t r e e s  per  a c r e  and l a r g e r  mean diameters  
than  no th inn ing  but t o t a l  s tand volumes were no t  s i g n i f i -  
c a n t l y  d i f f e r e n t ,  Thinning apparen t ly  concentrated t h e  
volume i n t o  fewer l a r g e r  t r e e s ,  The average d i f f e r e n c e  
i n  merchantable volume between thinned and unthinned s tands  
was n o t  s i g n i f i c a n t  , However, where s u r v i v a l  was good f o r  
both t rea tments ,  about twice as  much merchantable  volume 
was observed i n  thinned s tands .  Overa l l ,  l o b l o l l y  was 
s i g n i f i c a n t l y  more produc t ive  than s h o r t l e a f  but no t  
s i g n i f i c a n t l y  more product ive than  s l a s h .  Longleaf and 
s h o r t l e a l  appeared s isni lar  i n  volume product ion and t h e  
l i m i t e d  longleaf  d a t a  d i d  no t  i n d i c a t e  any e f f e c t  of 
th inn ing  . 

Broadcast d i rec t - seed ing  and n a t u r a l  regen- 
era t ion of southern p i n e s  o f t e n  r e s u l t  i n  v e r y  
dense  s t a n d s  of reproduc t ion  conta in ing  s e v e r a l  
thousand e s t a b l i s h e d  s e e d l i n g s  per  a c r e ,  i t  is 
g e n e r a l l y  accepted t h a t  e a r l y  merchantable volume 
product ion can be improved by th inn ing  t h e s e  s t a n d s  
t o  l e a v e  d e n s i t i e s  t h a t  approximate p l a n t i n g  
d e n s i t i e s ,  o r  600 t o  1,000 stems per  ac re .  Such 
preeommercial th inn ing  i s  most e a s i l y  done by hand 
o r  wi th  l i g h t  mechanical equipment when stems a r e  
n e i t h e r  too  small  nor t o o  l a r g e  t o  be e a s i l y  c u t .  
This  s t a g e  w i l l  u s u a l l y  occur a t  about age 3 t o  5 
years .  Recent developments i n  s e l f  -propel led 
ch ippers ,  which harves t  p r e s e n t l y  sub-merchantable 
stems p r i n c i p a l l y  f o r  fuelwood, hold promise t h a t  
precammerc i a l  th inn ings  w i l l  g e n e r a l l y  become 
c o m e r c i a l  th lnn ings  i n  t h e  f u t u r e .  

Li Presented a t  t h e  Southern S i l v i c u l t u r a l  
Research Conference, At lan ta ,  @A, Wov, 4-5 ,  1982, 

2' P r i n c i p a l  Mensurat i a n i s t  , Fores t ry  Sciences 
Laboratory, Xsnt ice l lo ,  AR, Southern Fores t  Experi- 
ment S t a t  ion,  USDB Fores t  Serv ice ,  i n  cooperat ion 
w i t h  t h e  Department of Fores t  Resources and Arkansas 
&r icu l tuxaL Experiment S t a t i o n ,  Univers i ty  of 
A r h s a s  a t  Nont ice l lo ,  

This  paper p resen ts  t h e  r e s u l t s ,  a t  s tand age  
21 y e a r s ,  of a l imi ted  precommercial th inn ing  
t r i a l  isnpcsed a t  age  3 I n  broadcast  direct-seeded 
s t a n d s  of t h e  f o u r  major sou thern  pines.  

METHODS 

Study Area 

During t h e  winter  of 1956-57 a  broadcast  
d i rec t - seed ing  t r i a l  was i n s t a l l e d  i n  South 
Alabama and Northwest F l o r i d a  t o  t e s t  o p e r a t i o n a l  
seeding techniques  r e c e n t l y  developed by the 
Southern S t a t i o n  a t  Alexandria, LA, A randomized 
complete block conta in ing  4 r e c t a n g u l a r  1-acre 
p l o t s  was l a i d  out  a t  each of 3 l o c a t i o n s ,  A l l  
s tudy blocks a r e  on sandy uplands i n  t h e  longleaf  
p i n e h i l l s  of t h e  middle c o a s t a l  p la in .  The 
Escambia block is loca ted  on t h e  Escambia Experi- 
mental Fores t  near  Brewton i n  Escambia County, AL, 
The s o i l s  h e r e  a r e  most ly a  Troup f i n e  sand wi th  
some Orangeburg f i n e  sandy loam (SCS 1975). The 
M i l l e r  block is nearby on t h e  l a n d s  of - t h e  T, R e  
M i l l e r  M i l l  Company, I ts s o i l  is a Dothan f i n e  
sandy loam (SCS 1975) . The S t ,  Regis block is 
loca ted  on l a n d s  of t h e  S t .  Regis Paper Company 
near  Pace i n  Santa Rosa County, FL, The s o i l  
he re  is a Troup loamy sand (SCS l980) ,  



S i t e  prepara t ion  va r i ed  among blocks, The 
Mi l le r  and S t ,  Regis blocks were on cut-over 
longleaf  land.  The Escambia block was an abandoned 
a g r i c u l t u r a l  f i e l d ,  The Mi l l e r  block was c lear -cu t  
and c l e a r ed  during t h e  summer of 1956, a f t e r  which 
t h e  d e b r i s  was p i l ed  wi th  a root-rake and burned 
i n  t h e  fol lowing Noventher. The S t ,  Regis block 
was c lear -cu t  i n  1954 and burned i n  October 1956, 
The Escambia block was plowed i n  e a r l y  summer, 
1955, disked i n  l a t e  s u m e r  and grazed by c a t t l e  
between d i sk ing  and seeding. 

I n  each block, a I-acre p l o t  was randomly 
assigned t o  one of f ou r  spec ies :  l o b l o l l y  p ine  
(Pinus taeda  L , ) ,  longleaf  p ine  (P, g a l u s t r i s  Mi l l , ) ,  
s ho r t l e a f  p ine  (E, echina ta  & f i l l , ) ,  o r  s l a s h  p ine  
(2, e l l i o t t i i  Engelm, va r ,  e l l i o t t i i ) ,  During t h e  
winter  of 1956-57, each p l o t  was broadcast  seeded 
by hand wi th  approximately 10,000 v i a b l e  r epe l l en t -  
t r e a t e d  seed. The l o b l o l l y  and s l a s h  p ine  seed were 
from F lo r i da  sources,  t h e  longleaf  came from a 
Louisiana source and t h e  sho r t l e a f  was from an 
Alabama source. Inventor ies  a t  age 1 and 2 years  
from seeding a r e  sumar i zed  i n  Table 1 ,  These 
da t a  a r e  based on 10 mi lacres  per  1-acre p l o t ,  A l l  
p l o t s  were regarded t o  be success fu l ly  regenerated 
a t  age 2 and t h e  seeding s tudy  was closed.  However, 
s i nc e  average d e n s i t i e s  va r i ed  from about 4,000 t o  
ne a r l y  6,000 stems per  a c r e ,  precommerc i a l  th inn ing  
t rea tments  were imposed on t h e  s t ands  and t h e  p l o t s  
were maintained a s  a demonstration, 

Thinning Treatments 

P r e c o m e r c i a l  th inn ing  treatments  were made 
i n  t h e  l o b l o l l y ,  s h o r t l e a f ,  and s l a s h  p ine  p l a t s  
i n  t h e  winter  of 1959-60, a t  a g e  3, when one-half 
a c r e  of each I-acre p l o t  was randomly s e l ec t ed  and 
thinned i n  each block. Thinning w a s  done by hand 
with machetes t o  l e ave  t h e  better-formed and most 
vigorous stems a t  an approximate 8x8-Et spacing 
o r  about 681 t r e e s  per  a c r e ,  Thinning requi red  
about 2 man-hours per $-acre p l o t ,  The longleaf  
p l o t s  were not  thinned a t  age  3 because prescr ibed  
burning f o r  brownspot needle d i s ea se  (Se i r rh i a  
a c i co l a  (Dearn, ) Siggers )  con t ro l  was requi red  on 
the Mil l e r  and St .  Regis p l o t s  a t  t h a t  age, Long- 
leaf  th inn ing  was defer red  t o  age  5 t o  a l low any 
mor t a l i t y  r e s u l t i n g  from burngng t o  occur p r i o r  
t o  th inn ing  , 

The stand d a t a  f o r  t h e  thinned and unthinned 
p l o t s  a t  age 5 is summarized i n  Table 2 ,  These 
d a t a  a r e  based on 25 four-milacre p l o t s  per  $-acre 
t reatment  p l o t  inventoried t o  a s s e s s  s tocking,  
s tand dens i t y ,  and t h e  average d.b,h, and he ight  
of t h e  dominant t r e e s ,  A t  age 5, only the  long- 
l e a f  $-acre p l o t  i n  t h e  Escambia block, wi th  6,190 
s t e n s  per a c r e ,  was thinned t o  leave  710 stems, 
Although t h e  Mi l le r  longleaf  s tand averaged 3,115 
s t e n s  per a c r e ,  it and t h e  S t .  Regis longleaf  
s tand d id  not  r e ce ive  a thinning treatment  because 
many of t h e  seedlzbngs were small ,  For t h e  o the r  
t h r e e  spec ies ,  thinning l e f t  average d e n s i t i e s  
varying from 690 t o  713 t r e e s  per a c r e  while  t h e  
averages f o r  unthianed s tands  varied f som 2,538 t o  
4,993 stems per acre .  

Table 1 .--Average stocking and dens i t y  of seeded stand a t  ages 1 and 2 
years  and dominant h-eiglit a t  age 2 ,  

S tock ing '  TPAO- S tock ing '  T P A ~ /  DH?' 

% No. "f, No. f t  
Loblol ly Escambia 90 5,600 90 5,400 2.0 

Mi l le r  9 0 12,500 90 11,100 1,8 
S t .  Regis 60 1,500 50 800 1.2 

Average 80 6,533 77 5,767 1,7 

Longleaf Escambia 80 2,000 8 0 2,000 0,2 
Mil le r  1 00 7,900 100 7,100 0.1 

S t ,  Regis 
Average 77 4,700 

Short leaf  Escmbia  100 9,500 100 9,300 I , 4  
Mi l le r  80 3,000 7 0 2 ,700 1 - 2  

S t *  Regis 
Average 87 6,133 

S lash  Escmbia 50 3,500 40 2,800 1,8 

Mi l le r  100 5,300 100 5,000 1,7 

S t .  Regis 
Average 77 4,633 70 3,933 1,6 

1 / - ; l i l ac re  s tocking and t o t a l  stems per a c r e  (TPAO) based on s y s t m a t i c  saraple 
of 10 mi lacre  per  I-acre p lo t  per l oca t i on ,  

Zi Average height  of dominant seedl ing (DH) n ea r e s t  c en t e r  of each milacre.  



Table 2.--Average stocking, density and dminant stand data for thinned and unthinned stands a t  age 5 years. 

Treatment Location -- 

thinn& Escambia 

H i l l e r  

St. Regis 

Loblol ly 

Stocking T P A ~ '  DDB&' D&/ 

% no. in. ft. 

96 720 2.3 12.1 

100 710 1.3 10.0 

80 640 0.7 6.9 

% no. in, ft. 

1 00 710 0.1 2.9 

Shortleaf 

Stocking -l! ?PA&/ DDB&~ D&/ 

"& no. in. ft. 

84 700 1.8 10.0 

96 690 1.0 8.0 

92 720 0.3 4.7 

Slash 

Average 92 690 1.4 9.7 100 710 0.1 2.9 91 703 1.0 7.6 99 713 1.3 8.2 

not Escanlbia 

thinned M i  11 er 

St. Regis 

Average 

lJ Four-mi lacre stocking and to ta l  trees per acre (TPAO) based on systeaatic simple o 

21 Arithmetic mean deb. h. (DDBW) and height (OH) o f  dminant stem nearest center of  each 4-milacre plot. - 
31 Two unthinned %-acre longleaf p lots  a t  M i l l e r  and St. Regis location, no thinned plots. - 



&nag emen t Treatment s 

The longleaf  s tands  were t r e a t e d  f o r  brownspot 
c o n t r o l .  The l l i l l e r  and S t ,  Regis s t a n d s  were 
spot-sprayed (about 1 seed l ing  per  mi lacre )  wi th  
Bordeaux mixture a t  age  1% y e a r s  and p r e s c r i p t i o n  
burned a t  a g e  3. The Escambia s tand ,  spot-sprayed 
wi th  Bordeaux a t  ages 1% and 3,  was no t  burned 
because brownspot i n f e c t i o n  was s o  severe  a t  age  3 
that d e s t r u c t i o n  of t h e  s tand  was fea red .  

A few r e s i d u a l  p ines  were c u t  from t h e  M i l l e r  
block a t  a g e  3. Sprout s tands  of sc rub  hardwoods 
on t h e  M i l l e r  and S t .  Regis blocks were c o n t r o l l e d  
by i n j e c t i o n  a t  age  4 along wi th  a s p a r s e  s tand of 
r e s i d u a l  longleaf  "whips" on t h e  S t .  Regis block, 
A l l  p l o t s  a t  t h e  M i l l e r  l o c a t i o n  were p r e s c r i p t i o n  
burned a t  age  7 f o r  hazard reduc t ion .  No f u r t h e r  
burning was done a t  any l o c a t i o n  u n t i l  a f t e r  age 21. 

The s t a n d s  of l o b l o l l y ,  s h o r t l e a f  and s l a s h  
p ines  i n  a l l  blocks have n o t  been t r e a t e d  f o r  
d i s e a s e  o r  i n s e c t  c o n t r o l  except t h a t  which occurred 
through precommercial th inn ing .  

Age 21 Inventory 

I n  t h e  win te r  of 1977-78, a t  age  21, a l l  p l o t s  
were inventor ied .  A %-acre n e t  p l o t  was e s t a b l i s h e d  
i n  each %-acre g r o s s  p l o t  and a l l  l i v i n g  stems were 
t a l l i e d  by 1-inch d. b.h. c l a s s e s .  D.b,h, was 
measured t o  l / l0 - inch  and t o t a l  h e i g h t s  t o  t h e  
n e a r e s t  f o o t  on a sys temat ic  sample of approximately 
1/8 of t h e  stems i n  each 1-inch c l a s s .  Published 
volume r e g r e s s i o n s  were used t o  e s t i m a t e  t h e  t o t a l  
and merchantable cubic-foot volume ( i n s i d e  bark) of 
each sample t r e e .  Volume/basal a r e a  r a t i o s  f o r  
each 1-inch c l a s s  were then c a l c u l a t e d  from t h e  
sample t r e e  volumes and b a s a l  a reas .  The r a t i o s  
were used t o  expand t h e  b a s a l  a r e a  i n  each d.b.h. 
c l a s s  t o  a p l o t  volume per  c l a s s .  The d.b.h. 
c l a s s  volumes were summed and expanded t o  a per  
a c r e  bas i s .  The fol lowing sources  of t r e e  volume 
f u n c t i o n s  were used: (1) f o r  l o b l o l l y ,  a l l  t r e e s -  
Smalley and Bower (1968a); (2) f o r  l o n g l e a f ,  a l l  
t r e e s  - F a r r a r  (1981); (3) f o r  s h o r t l e a f ,  a l l  
t r e e s  - Smalley and Bower (1968b) ; (4) f o r  s l a s h  
t r e e s  < 5 inches d.6.h. - Schmitt and Bower (1970); 
t r e e s  2 5 inches d,b.h. - Moehring e t  a 1  (1973). 

Analysis  

Analysis  of v a r i a n c e  (SAS 1979), us ing  a 
randomized block s p l i t - p l o t  des ign  wi th  s p e c i e s  a s  
major p l o t s  and th inn ing  a s  minor p l o t s ,  was used 
t o  determine t h e  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  
responses measured a t  age  21. The response 

v a r i a b l e s  (per  a c r e )  were: 

DH = mean he igh t  of t h e  dominant s tand  ( f t )  
TPAl = number of t r e e s ,  I-inch d.b.h. c l a s s  

and l a r g e r  
TPA5 = number of t r e e s ,  5-inch d.b,h. c l a s s  

and l a r g e r  2 
BAl = b a s a l  a r e a  f o r  TPAl ( f t  ) 
BA5 = b a s a l  a r e a  f o r  TPA5 ( f t 2 )  
DBHl  = quadra t ic  mean d,b.h. f o r  TPAl ( i n , )  
DBH5 = q u a d r a t i c  mean d,b.h, f o r  TPA5 ( in.)  
VOLl = t o t a l  cubic-foot  volume, i n s i d e  bark, 

f o r  TPAl 
VOL5 = merchantable cubic-foot volume, i .b , ,  

f o r  TPA5 and t o  a 4-inch d,o,b, top. 

~ u n c a n ' s  m u l t i p l e  range test was used t o  determine 
t h e  s i g n i f i c a n c e  of mean d i f f e r e n c e s  among spec i e s .  
A l l  t e s t s  were made a t  t h e  5% p r o b a b i l i t y  l e v e l .  

RESULTS AND DISCUSSION 

Responses t o  Treatment 

The o v e r a l l  average responses t o  th inn ing  a r e  
shown i n  Table 3 ,  Table 3 a l s o  shows d i f f e r e n c e s  
i n  t h r e e  species--1ongleaf was n o t  included because 
it was thinned a t  on ly  one l o c a t i o n .  Thinning 
r e s u l t e d  i n  s i g n i f i c a n t l y  l a r g e r  mean d iameters  
and fewer t o t a l  t r e e s  per  a c r e .  None of t h e  means 
f o r  o t h e r  responses were s i g n i f i c a n t l y  d i f f e r e n t  
and no s p e c i e s  x th inn ing  i n t e r a c t i o n s  were s i g n i f  i- 
cant .  These r e s u l t s  a r e  i n t e r p r e t e d  t o  mean t h a t  
precommercial th inn ing  done a t  age  3 did  have an  
o v e r a l l  e f f e c t  by age  21, p r i m a r i l y  by concent ra t ing  
t h e  t o t a l  volume i n  fewer l a r g e r  t r e e s .  Although 
merchantable  mean diameter  was s i g n i f i c a n t l y  
l a r g e r  i n  t h e  thinned s tands ,  none of t h e  o t h e r  
merchantable s tand  responses were s i g n i f i c a n t l y  
d i f f e r e n t .  Thus, t h e  m a j o r i t y  of evidence sugges t s  
t h a t  by age  21, precommercial th inn ing  had no 
e f f e c t  on merchantable  s tand production. Assuming 
80 merchantable cubic f e e t ,  i n s i d e  bark, per  cord,  
t h e  average y i e l d s  a t  age  21 a r e  about 22.1 cords  
f o r  thinned s t a n d s  and 15.5 cords  f o r  unthinned,  
a d i f f e r e n c e  of 6.6 cords.  

Loblo l ly  p ine  g e n e r a l l y  was t h e  s u p e r i o r  
performer o v e r a l l  followed by s l a s h  p i n e  and then  
s h o r t l e a f  p i n e  (Table 3 ) .  The dominant he igh t ,  
mean d iameters ,  and volumes f o r  l o b l o l l y  were 
s i g n i f i c a n t l y  l a r g e r  than those  of s h o r t l e a f  and 
averaged l a r g e r ,  a l though  u s u a l l y  not  s i g n i f  i c a n t l p ,  
than those  of s l a s h  pine. The average merchantable  
y i e l d s  by s p e c i e s  a r e  about  25.9, 12.5 and 18.0 
cords  a t  age  21  f o r  l o b l o l l y ,  s h o r t l e a f  and s l a s h  
pine,  r e s p e c t i v e l y .  



1 / Table 3,--Average r e s p o n s e  t o  t r ea tmen t s -  

RESPONSE 

T r  eatmen 
Categor&' DH TPAl BAI DBW 1 VOL1 TPA5 BA5 DBE5 VOL5 

Thin 52.4a 790b 115a 5.3a 2,176a 409a 99a 6.6a 1 ,771~1 
N o  t h i n  49 . l a  1,438a 124a 4.2b 2,043a 378a 78a 6.0b 1,239a 

ji"Iaj o r )  
t o b l o l l y  57.4~3 855b 126a 5.623 2,535a 433a 107a 6.7a 2,074a 
S h o r t l e a f  42.0b 1,464a 113a 3.9b 1,691b 327a 67b 5.9b 999b 
S l a s h  52.8a.b 1,023b 119a 4.9ab 2,103ab 420a 90ab 6.2b 1,442ab 

i' Within each  t r ea tmen t  c a t e g o r y ,  means i n  each column fol 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  15% l e v e l ) .  

2/ Each minor t r e a t m e n t  grand mean based on n i n e  %-acre p l o t s ;  each major t r ea tmen t  
grand mean based on six %-acre p l o t s .  

Obse rva t ions  

The l a c k  of a  s i g n i f i c a n t  d i f f e r e n c e  between 
th inned  and unthinned s t a n d s  i n  merchan tab le  
volume was unexpected. T h i s  was p robab ly  caused 
by t h e  few r e p l i c a t i o n s  and t h e  e x i s t i n g  v a r i a t i o n  
a t  t h e  t ime  of inven to ry .  There  were o n l y  9 p a i r s  
of th inned  and unthinned p l o t s .  For 5  of t h e  p a i r s  
t h e  d i s p a r i t y  i n  t o t a l  number of t r e e s  c r e a t e d  by 
precommercial t h i n n i n g  a t  a g e  3  was l a r g e l y  main- 
t a i n e d  th rough  a g e  21, r e s u l t i n g  i n  804 t r e e s  pe r  
a c r e  on th inned  p l o t s  and 1 ,790 t r e e s  on un th inned  
p l o t s .  Bere ,  due t o  good s u r v i v a l  i n  b o t h  t r e a t -  
ments ,  t h e  t h i n n i n g  was e f f e c t i v e .  Thinned p l o t s  
produced abou t  t w i c e  a s  much merchan tab le  volume 
a s  un th inned  p l o t s  bu t  had o n l y  abou t  45% a s  many 
t o t a l  t r e e s  ( F i g u r e  1 ) .  But,  f o r  4 of t h e  9 p a i r s  
t h e r e  was a  convergence i n  t h e  number of s u r v i v i n g  
t r e e s  such  that by a g e  21 t h e  t o t a l  number of t r e e s  
was 773 p e r  a c r e  on th inned  p l o t s  and 997 on 
unthinned p l o t s .  The convergence i n  d e n s i t y ,  due  
p r i m a r i l y  t o  n a t u r a l  m o r t a l i t y  on t h e  unthinned 
p l o t s ,  a p p a r e n t l y  caused t h e  t h i n n i n g  t o  be  non- 
e f f e c t i v e .  Here th inned  p l o t s  had 785 a s  many 
t o t a l  t r e e s  a s  unthinned p l o t s  and produced o n l y  
86% a s  much ~ e r c h a n t a b l e  volume (F igure  I ) .  Perhaps  
i f  t h e  s t a n d s  had been i n v e n t o r i e d  a t  a n  e a r l i e r  
age  b e f o r e  any a p p r e c i a b l e  m o r t a l i t y  bad occur red ,  
a  s i g n i f i c a n t  o v e r a l l  d i f f e r e n c e  i n  merchan tab le  
volumes would have been d e t e c t e d ,  

S h o r t l e a f  volumes a r e  much lower  t h a n  t h o s e  
of l o b l o l l y  and s l a s h  (Table  3) .  Most of t h e  
o v e r a l l  lower volume performance of s h o r t l e a f  was 
due  t o  i t s  p a r t i c u l a r l y  poor performance a t  t h e  
S t ,  Regis  l o c a t i o n ,  Although s u r v i v a l  h e r e  was 
about  ave rage ,  dominant h e i g h t s  were on ly  abou t  
50% a s  t a l l ,  t o t a l  volume was o n l y  23% a s  l a r g e ,  
and merchan tab le  volume was o n l y  7% a s  l a r g e  a s  
t h e  a v e r a g e  f o r  t h o s e  r e s p o n s e s  f o r  s h o r t l e a f  a t  
t h e  o t h e r  two l o c a t i o n s .  The c a u s e  f o r  t h e  poor 
performance is n o t  known, bu t  a p p a r e n t l y  t h i s  
poor ,  d r y ,  sandy s i t e  does  n o t  meet n u t r i e n t  o r  
m o i s t u r e  r equ i rement s  f o r  good h e i g h t  and volume 
growth f o r  a t  l e a s t  t h i s  s o u r c e  of s h o r t l e a f  p ine .  
L o b l o l l y  and s l a s h  p i n e  h e i g h t  and volumes were 
a l s o  reduced a t  t h i s  l o c a t i o n  Eut l e s s  s e v e r e l y ,  
I n  c o n t r a s t ,  by t h e  t ime  of t h e  inven to ry  a t  a g e  
21, s e v e r a l  l o n g l e a f  p i n e  v o l u n t e e r s  had become 
e s t a b l i s h e d  i n  t h e  unthinned s h o r t l e a f  p l o t  and 
were 5 i n c h e s  l a r g e r  i n  d iamete r  and 22 f t  t a l l e r  
t h a n  t h e  s h o r t l e a f ,  

Limited in fo rmat ion  is a v a i l a b l e  on t h e  
r e sponse  of l o n g l e a f  t o  p r e c o m e r c i a l  t h i n n i n g  i n  
t h i s  i n v e s t i g a t i o n  because t h e  t h i n n i n g  t r e a t m e n t s  
were imposed on t h i s  s p e c i e s  a t  o n l y  t h e  Escambia 
l o c a t i o n  a t  a g e  5, The in fo rmat ion  f o r  t h i s  
l o c a t i o n  is shown i n  Table  4  which a l s o  i n c l u d e s  
t h e  d a t a  f o r  t h e  unthinned l o n g l e a f  s t a n d s  a t  t h e  
M i l l e r  and S t ,  Regis  l o c a t i o n s .  At t h e  Escambia 
l o c a t i o n  n a t u r a l  m o r t a l i t y ,  a p p a r e n t l y  from 
brownspot and suppress ion ,  redueed t h e  t o t a l  
d e n s i t y  of t h e  unthinned p l o t  t o  a  l e v e l  comparable  
t o  t h a t  of t h e  th inned  p l o t  by a g e  21. The 
unthinned p l o t  had abou t  3,230 s e e d l i n g s  and 
s a p l i n g s  a t  a g e  5 (Table  2 )  which w a s  reduced t o  
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Thinning, 4 plot pairs Thinning, 5 plot pai rs  

Figure 1.--Effective vs. non-effective precomnercial thinning. 

1 / Table 4.--Longleaf response t o  thinning- 

Treatment DH TP A1 BA1 DBHl VOLl TPA5 BA5 DBH5 VOL5 

f t  no. f t 2  in .  f t 3  no. f t 2  i n ,  f t 3  

ESCAlvlBIA 
Thin 56.3 54 0 104 5.9 2,218 37 6 95 6.8 1,912 
?30 t h i n  58.5 7 12 105 5.2 2,292 328 9 3 7.2 1,978 

MILLER 
Xo t h i n  49.3 326 4 4 5.0 7 61 13 6 35 6.8 57 6 

?:o t h i n  
ST, REGIS 

3 7 5.5 

i /~scambia  means based on one %-acre p l o t  per t rea tment ,  M i l l e r  and S t .  Regis mean 
based on two %-acre p l o t s  per  Location. 



712 t r e e s  by age  21, while  t h e  thinned p l o t  had 
about 710 t r e e s  a t  age  5 and 540 a t  age  21. The 
r e s u l t  was that both t h e  thinned and unthinned 
p l o t s  produced about t h e  same t o t a l  and merchant- 
a b l e  volumes a t  age  21. The o t h e r  responses were 
a l s o  roughly t h e  same. 

Longleaf m o r t a l i t y  was even more severe  a t  
t h e  o t h e r  two l o c a t i o n s .  The M i l l e r  p l o t s  were 
reduced from about 3,115 stems a t  age 5 t o  326 
t r e e s  a t  age  21. The r e d u c t i o n  a t  t h e  S t ,  Regis 
p l o t  was from about 1,615 stms a t  age  5 t o  226 
stems a t  age  21. These r e d u c t i o n s  coupled wi th  
poorer s i t e s ,  r e s u l t e d  i n  t h e  volume product ion 
a t  t h e s e  two l o c a t i o n s  being only about 113 of 
t h a t  a t  t h e  Escambia l o c a t i o n .  Overa l l ,  longleaf  
produced about 1,224 f t 3  of average t o t a l  volume 
and about  1,024 f t 3  of average merchantable volume 
(about 12.8 cords ) .  I ts volume product ion appears  
t o  be roughly t h e  same a s  t h a t  of s h o r t l e a f  
(Table 3 ) .  

These r e s u l t s  a g r e e  wi th  o t h e r  observa t ions  
t h a t  longleaf  g e n e r a l l y  has l i t t l e  need f o r  
precommerc i a l  th inn ing  , However, i f  young long l e a f  
s t a n d s  have more than  1,000 stems i n  a c t i v e  he igh t  
growth, precommercial th inn ing  should be considered 
i f  maximum e a r l y  merchantable  y i e l d s  a r e  des i red  
( F a r r a r  1974) . 

Precommercial th inn ing  a t  age 3 i n  seeded 
s tands  of l o b l o l l y ,  s h o r t l e a f ,  and s l a s h  p i n e s  
r e s u l t e d  i n  s i g n i f i c a n t l y  fewer t o t a l  t r e e s  and 
l a r g e r  mean diameters  i n  t h e  thinned s tands  a t  
age  21, but  no s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  
volume occurred. Thinning apparen t ly  concentrated 
t h e  t o t a l  volume on fewer l a r g e r  t r e e s .  The 
average d i f f e r e n c e  i n  merchantable  volume between 
thinned and unthinned s t a n d s  was no t  s i g n i f i c a n t  
but was about 6.6 cords  i n  favor  of thinned s tands.  
Also, where th inn ing  was e f f e c t i v e  ( t h e  d i s p a r i t y  
i n  t o t a l  number of t r e e s  c r e a t e d  by th inn ing  was 
l a r g e l y  maintained)  thinned p l o t s  had 45% a s  many 
t o t a l  t r e e s  but twice a s  much merchantable volume 
a s  unthinned p l o t s .  Th is  sugges t s  t h a t  precommer- 
c i a 1  th inn ing  a t  age 3 t o  l e a v e  about 700 t r e e s  
per  a c r e  can r e s u l t  i n  g r e a t e r  merchantable volume 
product ion a t  about  age 20 when m o r t a l i t y  does 
no t  reduce unthinned s tand d e n s i t y  t o  a l e v e l  
comparable t o  thinned s tand dens i ty .  

Overa l l ,  l o b l o l l y  p i n e  was s i g n i f i c a n t l y  
super io r  i n  volume product ion t o  s h o r t l e a f  pine. 
S l a s h  p ine  volume product ion was l e s s  than 
l o b l o l l y  and g r e a t e r  than  s h o r t l e a f ,  but t h e  
d i f f e r e n c e s  were no t  s i g n i f i c a n t ,  The average 
y i e l d s  were 25.9, 12.5 and 18.0 cords  f o r  
l o b l o l l y ,  s h o r t 1  eaf and s l a s h  pine,  respec t ive ly .  

The l i m i t e d  longleaf  d a t a  did not i n d i c a t e  
any advantage f o r  p r e c o m e r c i a l  th inn ing  i n  t h i s  
s p e c i e s ,  Its o v e r a l l  volume product ion semed 
about  t h e  same a s  t h a t  of s h o r t l e a f ,  
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THImING: DESIGN AND I N S T A L M I O N  RESULT&/ 

Robert L. Bailey and Leon V. ~ienaar?-' 

Abstract.--Row th inn ing  is p r e f e r r e d  over s e l e c t i v e  
th inn ing  by many f o r e s t e r s  due t o  t h e  e a s e  and lower c o s t s  
of harves t  opera t ions .  However, p a s t  s i l v i c u l t u r a l  t e s t s  
i n d i c a t e  t h a t  s e l e c t i v e  th inn ing  is  s u p e r i o r  i n  both volume 
and va lue  product ion.  A p a r t i a l l y  balanced incomplete block 
design was used t o  develop a  s tudy  t o  t e s t  row, s e l e c t i v e ,  
and row-select ive combination t h i n n i n g s  a t  50%, 40%, and 33% 
l e v e l s  of removal and t o  genera te  d a t a  f o r  subsequent r e f i n e -  
ments of growth and y i e l d  models. Care was taken t o  keep 
type of th inn ing  and l e v e l  of removal unconfounded i n  t h e  
design.  S ix teen  r e p l i c a t i o n s  were i n s t a l l e d  i n  s i t e  prepared 
l o b l o l l y  and s l a s h  p i n e  p l a n t a t i o n s .  

As t h e  f o r e s t  i n d u s t r i e s  of t h e  South and 
Southeast  become more and more dependent on plan- 
t a t i o n s  f o r  a  source of softwoods, t h e  ques t ions  
about th inn ing  become more important :  Should i t  
be done? When? Bow? How much should be removed? 
High q u a l i t y  sawlogs and p e e l e r  b o l t s  w i l l  be 
hard t o  f i n d  during r o t a t i o n s  of reasonable  l e n g t h  
without  th inn ing .  Furthermore, wi th  stumpage 
v a l u e s  f o r  s o l i d  wood produc ts  con t inu ing  t o  in-  
c r e a s e  and o f t e n  exceeding those  f o r  f i b e r  by a s  
much as 5:1 f o r  equ iva len t  volume u n i t s  (Heis t ,  
1980), t h e  economic i n c e n t i v e  t o  t r y  and acswer 
t h e s e  ques t ions  about th inn ing  i s  q u i t e  obvious. 
It i s  a l s o  obvious t h a t  they a r e  not  ques t ions  
t o  be answered by b i o l o g i c a l  c o n s i d e r a t i o n s  a lone .  
However, without  r e l i a b l e  e s t i m t e s  of volume 
growth and stem q u a l i t y  f o r  a l t e r n a t i v e  cho ices ,  
t h e  economically b e s t  choice w i l l  be d i f f i c u l t  
t o  make and t h e  qztestioris w i l l  cont inue t o  be more 
a rnafrer f o r  specu la t ion  and debate than f o r  anal-  
y s i s *  

&/paper presented a t  t h e  Second Biennia l  
Southern S i l v i c u l t u r a l  Research Conference, 
At lan ta ,  Georgia, Noveraiber 4-5, 1982, 

 he a u t h o r s  a r e  Assoc ia te  Professor  and 
Professor  a t  t h e  School of F o r e s t  Resources, 
U n i v e r s i t y  of Georgia, Athens, Georgia 30602. 

The choices  a r e  almost i n f i n i t e  f o r  q u e s t i o n s  
of how t o  t h i n ,  how much t o  remove, and when t o  
remove i t .  They can,  however, be narrowed t o  a 
few of primary i n t e r e s t  by c o n s i d e r a t i o n s  of p a s t  
work and o p e r a t i o n a l  f e a s i b i l i t y .  

REVIEW OF PAST WORK 

Concerning t h e  ques t ion  of how t o  t h i n ,  p a s t  
work i n d i c a t e s  t h a t  row th inn ing  i s  d e s i r a b l e  
o p e r a t i o n a l l y  due t o  t h e  lower th inn ing  c o s t  per  
c u n i t  removed and t h e  p o t e n t i a l  f o r  mechanization 
of t h e  opera t ion .  On t h e  o t h e r  hand, d a t a  from 
p a s t  work (Cremer and Meredith, 1976; Belanger 
and Brender, 1968) a l s o  confirm t h a t  s e l e c t i v e  
th inn ing  is  s u p e r i o r  t o  row th inn ing  i n  both 
volume and va lue  product ion.  A combination of 
s e l e c t i v e  and row th inn ing  is  appea l ing  a s  a  com- 
promise. This  a l t e r n a t i v e ,  a combination of row 
and e e l e c t i v e  th inn ings ,  has  n o t  been adequa te ly  
t e s t e d  under c o n t r o l l e d ,  experimental  c o n d i t i o n s  
f o r  p ines  i n  the  South and Southeas t ,  

The ques t ion  of how much t o  remove is  a l s o  
a n  i s s u e  which p u l l s  one way then t h e  o t h e r ,  
Large volume removals tend t o  i n c r e a s e  n e t  revenues 
from t h e  th inn ing  opera t ions .  However, i f  t h e  
removal is  too  l a r g e ,  growing s tock  can be reduced 
below t h e  most e f f e c t i v e  l e v e l  f o r  per-acr pro- 

3 7 duc t ion .  I n  s t a n d s  which averaged 1 8  CCF-,/acre 

3/0ne CCF = 100 cubic  f e e t  of woad t o  a  
2-inch top  



a t  age  13 ,  R e i s t e r  (1972) repor ted  d a t a  showing 
an i n c r e a s e  i n  t o t a l  product ion t o  age  29 of 12% 
over unthinned s t a n d s  when a  23% removal a t  age  
1 3  and a  252 removal a t  age  24 had been made. 
i n  t h e  same s tudy ,  a  56Z removal a t  age 1 3  and a 
33% reraoval a t  age 26 gave 10% l e s s  than t h e  un- 
thinned s tand  and 20% l e s s  than t h e  l i g h t  th in-  
ning,  L i g h t e r  t h i n n i n g s  a l s o  tended t o  magnify 
t h e  d i f f e r e n c e s  i n  growth between row th inn ing  
and s e l e c t i v e  th inn ing  i n  Pinus r a d i a t a  (Cremer 
and Meredith, 1976). 

STUDY OBJECTIVES M DESIGN 

The main o b j e c t i v e  of our s tudy  i s  t o  t e s t  
t h e  e f f e c t s  on cubic f o o t  and board f o o t  volume 
product ion of 3 types of th inn ing  s t r a t e g i e s  a t  
3  l e v e l s  of r e s i d u a l  d e n s i t i e s  i n  combination wi th  
2 f requenc ies  of re th inn ing .  The th inn ing  s t r a -  
t e g i e s  a r e  (a) s e l e c t i v e ,  (b) row, and (c )  row- 
s e l e c t i v e  combination. Each of t h e s e  w i l l  be 
t e s t e d  a t  r e s i d u a l  d e n s i t i e s  ( f i r s t  th inn ing)  of 
50%, 6QZ and 66% wi th  e i t h e r  no o r  one r e p e a t  
th inn ing .  Repeat th inn ings  w i l l  be s e l e c t i v e  and 

The ques t ion  of how much t o  remove can e a s i l y  l e a v e  t h e  same percentage of t r e e s  a s  was l e f t  i n  
be confounded wi th  t h e  q u e s t i o n  of how t o  do it. t h e  i n i t i a l  th inn ing .  I n  a d d i t i o n  t o  t h e  main 
Obviously a  row th inn ing  removing every t h i r d  row 

o b j e c t i v e ,  d a t a  from t h i s  s tudy  w i l l  be used t o  
should n o t  be compared t o  a row-selection combina- r e f i n e  t h e  U n i v e r s i t y  of Georgia PMRc~/ y i e l d  
t i o n  of every t h i r d  row a s  w e l l  as s e l e c t i o n  on 

models f o r  s i t e -prepared  p l a n t a t i o n s .  
ad jacen t  rows. The comparison of methods would 
be completely confused wi th  t h e  concurrent  cam- 

Table 1 shows t h e  rows removed and combina- 
par i son  of th inn ing  i n t e n s i t i e s ;  (removal = 33%) 

t i o n s  of row and s e l e c t i o n  th inn ing  imposed i n  
vs ,  (removal > 33%). ach iev ing  t h e  requ i red  r e s i d u a l  d e n s i t i e s  a t  t h e  

When t o  t h i n ,  Like how much t o  remove, i s  a  
ques t ion  t h a t  a l s o  must be viewed i n  both an  eco- 
nomic and b i o l o g i c a l  con tex t .  For o p t h u m  wood 
product ion th inn ings  should be made j u s t  before  
c u r r e n t  annual  increment d e c l i n e s  sharp ly .  For 
s l a s h  p i n e  p l a n t a t i o n s  t h i s  would be age 1 3  o r  14 
( see  Bennet t ,  1971). A l i g h t  th inn ing ,  20-30% 
removal (3-5 CCF), a t  t h i s  age would tend t o  fo re -  
s t a l l  s i g n i f i c a n t  m o r t a l i t y .  The remaining t r e e s  
would no t  have t o  r e b u i l d  crowns dep le ted  by crowd- 
ing a s  i n  l a t s  th inn ings  and could cont inue grow- 
ing t h r i f t i l y .  Most o b j e c t i o n s  t o  e a r l y  th inn ings  

f i r s t  th inn ing .  Treatments w i l l  be t e s t e d  a g a i n s t  
each o t h e r  and a g a i n s t  an  unthinned c o n t r o l  (T ). 
The RS type  th inn ing  was imposed i n  a  way t h a t  
main ta ins  approximately t h e  same s e l e c t i o n  p r e s s u r e  
(34% t o  39%) a t  each r e s i d u a l  d e n s i t y  l e v e l .  Data 
from t h e  s tudy  w i l l  a l s o  be used t o  e s t i m a t e  t h e  
shapes and l e v e l s  of growth curves (Fig. 1 )  hypo- 
t h e s i z e d  from P. r a d i a t a  s t u d i e s  (Cremer and 
Meredith, 1976). The hypothesis  is  t h a t  l i g h t  
th inn ings  a r e  more d e s i r a b l e  f o r  t o t a l  growth and 
t h a t  t h e  d i f f e r e n c e  between R and S t h i m t n g s  i s  
g r e a t e r  f o r  l i g h t  th inn ings .  

r e l a t e  t o  t h e  economics of t h e  opera t ion .  I f  too 
l i t t l e  volume i s  removed, t h e  opera t ion  could 
produce nega t ive  n e t  revenue. However, t h i s  
should be considered a  s i l v i c u l t u r a Z  investment 
j u s t  as f e r t i l i z a t i o n  o r  weeding. If t h e  subse- 
quent payoff i n  growth of t r e e s  wi th  high q u a l i t y  %'The P l a n t a t i o n  Management Research Coop- 

e r a t i v e  wi th  1 3  p a r t i c i p a t i n g  companies was orga- 
stems is s i g n i f i c a n t ,  i t  may be j u s t  a s  sound an 

nized i n  1976 t o  develop management information 
investment , 

f o r  s i t e -prepared  p l a n t a t i o n s .  

I/ Table 1.--Rows t o  remove and percen t  s e l e c t i v i t y -  f o r  combinations of th inn ing  
types and r e s i d u a l  d e n s i t i e s .  

1, S e l e c t i v e  th inn ing  (S) 
a )  Rows removed 

I/ b) Percen t  s e l e c t i v i t y -  

2.  Row th inn ing  (R) 
a) Rows removed 
b) Percent  s e l e c t i v i t y  

none 
100 

none 
100 

none 
200 

3 ,  Row-selective th inn ing  (RS) 
a )  Rows removed 3r d 4 t h  
b) Percen t  s e l e c t i v i t y  34 37.5 

&'percent s e l e c t i v i t y  = ~ O O C  percent removed 1 



Net 
Growth 

S = selective thinning only 

RS = row and selective combined 

R = TOW thinning only 

R e s i d u a l  density after thinning (%) 

Figure 1.--Bypothesized relative response curves based o n  Pinus radia ta  
in Australia. 



For des ign ing  t h e  f i e l d  p l o t  and t reatment  
l ayout ,  t h e  t rea tments  o r  f a c t o r s  a r e :  

1 )  Fac tor  A Thinning R e p e t i t i o n s  

Level  
0 Thin o n l y  once (TI) 
l Thin twice,  8 year  de lay  (T2) 

2)  Fac tor  B Thinning Type 

Level  
0 S e l e c t i v e  th inn ing  (s) 
1 Row th inn ing  (R) 
2 Raw-selective combination (RS) 

3) Fac tor  C Residual  D e n s i t i e s  ( t r e e s  p e r  acre) 

Level  
0 5 0% 

The s e l e c t i v e  th inn ing8  a f t e r  8 y e a r s  w i l l  
l eave  t h e  same percentage of t r e e s  a s  t h e  i n i t i a l  
th inn isg .  For example, suppose a p l a n t a t i o n  had 
700 t r e e s  per  a c r e  p r i o r  t o  t h e  f i r s t  thinning.  
If t h e  t rea tment  was C1 (60% r e s i d u a l  d e n s i t y ) ,  
420 t r e e s  would be l e f t .  The same s t a n d  wi th  418 
t r e e s  e i g h t  y e a r s  l a t e r ,  i f  r epea t  th inn ing  was 
performed, would be l e f t  wi th  251 a f t e r  th inn ing .  

The t r ea tments  were arranged i n  f a c t o r i a l  
combinations i n  incomplete blocks of 10 p l o t s  
each counting one unthinned p l a t  per  block,  One 
complete r e p l i c a t i o n  of t h e  etudy r e q u i r e s  2 
blocks,  This  des ign  w i l l  g i v e  complete, a l though 
unbalanced, d a t a  on t h e  main f a c t o r s  and a l l  two- 
f a c t o r  i n t e r a c t i o n s  unconfounded wi th  blocks.  
The th ree- fac tor  i n t e r a c t i o n  (4 degrees of f ree -  
dom) i s  p a r t i a l l y  confounded wi th  blocks which 
means on ly  l i m i t e d  information on t h i s  e f f e c t  
w l l l  be der ived  from t h e  s tudy.  However, f o r  a 
47% r e d u c t i o n  i n  numbers of p l o t s  a s  compared t o  
a complete-block des ign ,  we f e l t  t h i s  s a c r i f i c e  
o f  in format ion  was j u s t i f i e d .  

P lans  c a l l e d  f o r  t h e  s tudy  t o  be balanced,  
as n e a r l y  a s  p o s s i b l e ,  over  two age c l a s s e s  f o r  
both s l a s h  (Pinus e l l i o t t i i )  and l o b l o l l y  (Pinus 
taeda)  p i n e  p l a n t a t i o n s  on s i t e -prepared  a r e a s .  
Groups f o r  age of f i r s t  th inn ing  a r e  1 3  t o  15  and 
16  t o  1 8  years .  Only p l a n t a t i o n s  wi th  500 t o  700 
t r e e s  per  a c r e  a t  t h e s e  ages  were s e l e c t e d ,  

A f t e r  two s u m e r s  of f i e l d  work t h e  b a s i c  
design has  been i n s t a l l e d  a t  16  l o c a t i o n s :  

Loblo l ly  

S lash  

13-15 16-18 

(no. r e p l i c a t i o n s )  
6 5 

A 1 1  t reatment  p l o t s  are approximately % acre 
wi th  adjustments as necessary t o  o b t a i n  a whole 
m u l t i p l e  of t h e  a p p r o p r i a t e  numtbers of rows where 
row th inn ing  was t h e  t rea tment .  Each measurement 
p l o t  was cen te red  as n e a r l y  as p o s s i b l e  i n  a treat- 
ment p l o t  and a r e  approxinately % acre. Diameters 
of a l l  t r ees  and h e i g h t s  of 25% of the trees were 
measured a t  p l o t  I n s t a l l a t i o n ,  Trees t o  r e m Z n  
a f t e r  th inn ing  were tagged wi th  numbered, alumi- 
num t a g s .  Each tree was given ;a code f o r  "pootntlai,  
sawt imber" o r  "not p o t e n t i a l  sawtimber'' based on 
a subjee t lve  eva lua t ion  of stem crook and sweep 
and t h e  presence o r  absence o f  fusiforme cankers, 
The reason f o r  "not p o t e n t i a l  sawtimber" was alscl 
recorded when t h a t  was t h e  class ass igned ,  

We had hoped f o r  s u m a r i e s  of t h e  before-  
and a f t e r - t h i n n i n g  d a t a  a t  t h i s  meeting, bu t  our  
da ta  a r e  s t i l l  being keypunched and checked f o r  
e r r o r s .  Therefore,  we look forward t o  r e p o r t i n g  
on t h e  th inn ing  r e s u l t s  and the  analysis of growfh 
fol lowing th inn ing  a t  subsequent meetfngs, 
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GUIDES FOR mINNING SNORTLEAF PINE 

Robert Rogers z/ 

Abstract.--Growing-space requirements of shortleaf plnes 
are defined and used to guide thinning. The growing-space 
concept is used to develop stocking charts, suitable for both 
crop tree release and area thinning. An on-the-ground method 
is developed for crop t r e e  selection. These techniques can be 
applied to thin shortleaf pine stands in order to increase or 
maintain diameter growth. 

Providing practical information on when and 
how to thin stands of any species requires 
knowing the speciesf growing space requirements, 
Foresters commonly describe growing space 
requirements by measuring crowding or density 
within stands. Two frequently used measures of 
density are basal area and numbers of trees. 
These two measures can be further used to calcu- 
late mean stand diameter, Together, the three 
descriptors provide a better index of how fully 
a site is occupied with trees than any one 
descriptor can provide, 

Stocking charts depict graphically the 
relation among these stand density measures and 
average stand diameter so that measured density 
can easily be compared to standards or norms of 
stand density. Stocking charts depict density 
standards in a way that can be used to meet 
management objectives, such as maximizing growth 
and regenerating the stand. 

Stand density does not remain constant, As 
trees grow and average stand diameter increases, 
stand basal area increases and tree numbers 
decrease, Tree numbers decline with time be- 
cause trees compete for limited resources, All 
trees share the site" resources, but not 
equally, Large trees demand and receive propor- 
tionately more resources than small trees do. 
Individual trees thus remain in continuous and 
precarious balance with available resources, 
Consequently, as stands grow, some trees fail to 
receive the minimum resources needed for sur- 
vival. Although competition reduces tree num- 
bers, survivors still grow slowly, 

Paper presented at Second Southern 
Silvicultural Research Conference, Atlanta, 
Georgia, November 4-5, 1982, 

If growing trees to large diameters quickly 
is an important management goal, then we need to 
thin stands because "natural thinning'' is too 
slow. When cultural thinnings are made, resour- 
ces are freed and become available to remaining 
trees. Consequently, growth is concentrated on 
fewer trees, thereby shortening the time needed 
to produce large diameter trees. 

We can develop guides for thinning shortleaf 
pine stands based on the concepts that: (I) the 
resources on a site are fixed, (2) these resour- 
ces are shared by individual trees, (3) large 
trees use more resources for growth than small 
trees do, and (4) there is a maximum amount of 
resources that trees can use. 

Guides developed here are based on the mini- 
mum and maximum resources needed for shortleaf 
pine growth. The term "growing spacet1 is used to 
express the idea that a tree's resource needs 
can be expressed as an area of ground. 

We can measure growing space by equating it 
to a tree's crown area projected onto the ground. 
Moreover, the crown cross-sectional area of an 
open-grown tree (competition free) can be used to 
represent maximum growing space. Crown areas can 
be calculated using crown diameter measurements. 
But unfortunately, crown diameters are not 
easily measured in the field, However, knowing 
the relation between crown diameter and an easily 
measured, but highly correlated, tree attribute 
such as d,b,h,, would allow us to predict the 
maximum growing space requirements of trees of 
any d.b,h, 

The growing space concept also conveniently 
expresses the idea that the space available to a 
tree largely determines its growth, However, 
there is an upper limit to the amount of growing 
space a tree can use. Providing a tree with 
maximum growing space results in maximum growth. 

2/' Research Forester, North Central 
Forest Experiment Station, Forest Service 
U.S, Department of &ticulture, Columbia, 
MissotarZ, 



The value for ntaximum growing space also 
establishes the minimum number of trees of a 
given mean d,b.h, that can fully utilize any 
given mount of area, 

In addition to knowing this maximum spa- 
tial requirement, we also should know the 
minimum space necessary for a tree to survive, 
This quantity can then be used to define a 
standard for "minimum growing space." This 
spatial requirement can be obtained by using 
the tree area ratio equation (Chisman and 
Schumacher 1940) and data collected from 
natural undisturbed stands. 

Accordingly, I used the estimated maximum 
and minimum growing spaces of shortleaf pine to 
develop a stocking chart by following the tech- 
niques used on upland hardwoods by Krajicek % 
al, (1961) and Gingrich (1967). Similar guides - 
are available for northern hardwoods (Leak et 
ale 1969), paper birch (Marquis et al, 1969), - 
spruce-fir (Frank and Bjorkbom 1973), white 
pine (Philbrook et ale 1972), jack pine (Benzie 
1977), red pine (Benzie 1977), black walnut 
(Schlesinger and Funk 1977), and Allegheny 
hardwoods (Roach 1977). 

CROW DIAMETER STEM DIAMETER RELATIONS 

METHODS 

Maximum Growing Space Requirements 

I measured crown and stem diameters on 141 
open-grown shortleaf pines in five southeastern 
Missouri counties. Sample trees had: (1) 
lowest branches as long or longer than those 
above, (2) no evidence of pruning, shearing, 
browsing, decadence, storm damage, or serious 
insect damage, and (3) historical evidence 
obtained from local residents that the tree was 
of seedling origin and always open-grown, 
Suitable trees were found in cemeteries, wooded 
pastures, parks, and road rights-of-way. 

Crown diameter of each tree was measured 
twice, the second measurement at right angles 
to the first, and the results were averaged. 
The location of each crown edge was estimated 
ocularly and a perpendicular line was projected 
from the crown edge to the ground, Then the 
distance between the projected crown edges was 
measured to the nearest one-tenth of a foot 
with a tape. 

I made no attempt to determine either site 
index or age. The crown-stem relation in other 
species is apparently independent of these fac- 
tors (Krajicek, et al. 1961; Gingrich 1967). 

Bartlett's three group method for model I1 
regression (Sokal and Rohlf 1969, pp. 481-486) 
was used to estimate the coefficients in the 
linear model 

where CD = crown diameter (ft) 
DBH = Stem d,b.h. (in) 
a, b = coefficients 

I used Bartlettfs method to estimate coef- 
ficients because the independent and the depen- 
dent variables were subject to random error 
that made using the usual least squares method 
inappropriate, 

Crown area (GA) (milacres) of open-grown 
trees was derived from the relation 

where CD is crown diameter (feet) 

When equation (1) is substituted for CD in 
equation (2) and the terms are expanded and the 
coefficients are redefined, equation (2) becomes 

Thus, equation (3) defines the crown area and 
therefore the maximum growing space, %ax, 
of an open-grown tree of any d.b.h. 

Minimum Growing Space Requirements 

Equation (3) has the same form as the 
tree-area ratio equation used by Chisman and 
Schumacher (1940) and later by Gingrich (1967) 
to develop minimum growing space requirements 
(%in) of trees. However in this case, data 
collected from natural undisturbed stands 
representing a range of ages and sites are nor- 
mally used to determine coefficents of the 
tree-area ratio equation. Consequently, the 
two equations differ only by the values of 
their coefficients, Natural undisturbed stands 
are difficult, if not impossible, to find in 
southeastern Missouri, Arkansas, and surrounding 
states. As an alternative to field data, I con- 
sidered and then rejected using published data 
to determine the requirement for minimum growing 
space, I decided not to use the shortleaf pine 
data in Table 168 of USDA Publication 50 (1976) 
because these data indicated that stand basal 
area quickly reached a plateau at an average 
stand diameter of 7 inches, Beside! seeming 
unreasonable, stand basal area of other southern 
pines, red pine, and white pine continues to 



increase as average stand diameter increases, 
In addition, neither a Kissouri nor a West Gulf 
Region study of shortleaf pine indicated that 
stand basal area remains constant as stand 
diameter increases beyond 7 inches (Sander and 
Rogers 1979, Murphy and Beltz 1981). However, 
Smalley and Bailey (1974) showed that stand 
basal area peaks and then remains constant or 
even declines in some unthinned shortleaf pine 
plantations growing on abandoned fields of the 
Interior Highlands of Tennessee, Alabama, and 
Georgia. 

Because of the difficulty in locating 
suitable stands to measure and conflicting 
published information, I decided not to use 
actual stand data and the tree-area ratio 
equation to define minimum growing space 
requirements, Instead, I defined minimum 
growing space as 60 percent of maximum growing 
space. This approximation is consistent with 
Roach's (1977) findings that minimum growing 
space for full site utilization of most species 
is between 50 and 70 percent of maximum growing 
space. Thus %in = 0.6*%ax. 

CD = 2.852 + 1.529 DBH; r2 = 0.92; 

The equation describing maximum growing space 
is 

And the equation describing rainimum growing 
space is 

where N = number of trees and G is in milacres. 

Maximum and minimum tree area requirements of 
single trees by diameter class are obtained by 
setting N = 1 in equations 5 and 6 (Table 1). 
Metric equivalents are presented in Table 2. 
These two requirements define the limits 
within which growing space is fully utilized. 

RESULTS 

The relation between crown diameter and 
d,b.h, was highly significant (p < .01). The 
prediction equation is 

Table 1.--Relation between tree d,b.h,, basal area, and 
tree area requirements 

: Tree area requirements 
D.b.h. : Basal area : Maximum Lf : Minimum 2/ 
(inches) : (square feet) : (milacres) : (milacres) 

I /  Maximum tree area = '14663 + .15726DBH + . 0 4 2 1 6 ~ ~ ~ ~  
;If Minimum tree area = -08798 + .09435DBH + .02530~~~2 

STOCKING T 

To calculate percent relative density we need 
the following stand data: number of trees per 
acre, the sum of diameters, and the sum of 
diameters squared. We can easily obtain number 
of trees and basal area per acre from field 
measurements. Because DBH~ = BA/ .005454, 
equation (6) for minimum growing space can be 
rewritten as 

Unfortunately, the sum of diameters is not 
easily obtained from field measurements. The 
job is less tedious if we use point sampling 
procedures and measure the d.b.h.'s of sample 
trees. Then percent relative density can be 
calculated by suming the percent relative den- 
sity contributed by each sample tree. The 
equation we need to find the amount contributed 
by each tree is derived by combining the minimum 
growing space equation (7) with an estimate of 
the number of trees a point sample tree repre- 
sents, which is N = BAFj( ,005454~~~2). Then 



Percent = 
contribution 

a094 DBN + 4*584 

P 

0 .458 (8) 

where D is d,b,h, (inches) of sample tree and 
and BAF is basal area factor (BAF) of the wedge 
prism, 

The metric equation can be derived similarly 
and results in 

P- 7 

Percent 
contribution D 

Alternatively, we can eliminate the need 
to measure tree diameters altogether by 
constructing a stocking chart that has a "built 
in" typical d.b,h, distribution, and we can use 
the stocking chart to approximate percent rela- 
tive density, Because I had few suitable stand 
data to estimate average stand structure of 
shortleaf pine, I borrowed Gingrich's (1967) 
data on upland hardwoods. Upland hardwood and 
shortleaf pine stand structures tend to be 
similar, Like the upland hardwoods, shortleaf 
stands are even-aged and develop a near normal, 
but at times wide-spread, diaaeter frequency 
distribution, The coefficient of variation of 
mean d,b,h. in hardwood stands is inversely 
related to quadratic mean diameter (QSD) and 
varies from 8.45 to 0.29 as QSD increases from 
3 to 15 inches (Gingrich 1967). The stocking 
charts for shortleaf pine, figures 1 and 2, 
are based on these hardwood coefficients of 
variation. 

where D is measured in cm and BAF is in meters 
per hectare. The solution of equation (8) and 
(9) is shown in Table 3. 

Table 2.--Relation between tree d.b.h., basal area, and 
tree area requirements 

: Tree area requirements 
Dobehe : Basal area : kxirnumL/ : ~inimumZ/ 

Maximum tree area - (5.93405 + 2.50548DBN + 
.26447D~N~)/ 1000 

a Hnimum tree area = (3,56043 + 1.50329DBN + . k 5 8 & 8 ~ ~ ~ ~ ) /  1000 



Table 3,--Contribution to percent relative density made by 
point sample trees of different d,b,h,s given BAF of 
10 ftZ/aere and 2mZlhectare 

Inches Percent Centimeters Percent 

Hundred trees per acre a 

Figure 1.--Relation of basal area, amber of trees, and average tree diameter to 
percent relative density for shortleaf pine (English units). Tree diameters 
range from 3-7 inches in figure la and from 7-15 inches in figure lb, The area 
between curves A and B on both charts indicates the range in relative density 
where trees can fully utilize available growing space. (Average tree diameter 
is the diraateter of the tree of average basal area), 



Hundred trees per hectare 
a b Hundred trees per hectare 

Figure 2.--Relation of basal area, number of trees, and average tree diameter to 
percent relative density for shortleaf pine (metric units). Tree diameters 
range from 6-20 cm in figure 2a and from 20-40 cm in figure 2b. The area between 
curves A. and B on both charts indicates the range in relative density where trees 
can fully utilize available growing space, (Average tree diameter is diameter of 
the tree of average basal area.) 

I constructed the stocking chart using QSD =: ASD (13) 
equation (6) to solve for N and BA as I varied 
quadratic man stand diameter and percent rela- Expressing ASD in terms of QSD gives: 
tive density. My first step was to divide (6) 
by 10 to put it on a percentage basis: ASD = . (141 

percent relative density (PRD) = 0.88N + i.i-T-53 
substituting QSD in equation (12) results 

0.94 ~ D B H  + 0.25 ~ D B N ~  (10) 
in 41 + C V ~  

then factorfng N from the right hand side of 
equation (10) gives : 

and rearranging equation ( I t )  to solve for N 
gives : 

N = PRD (15) 
0.88 + 0.94 -I- 0 . 2 5 ~ ~ ~ ~  

Because I wanted GV2 to also be expressed in 
terms of QSD, I used linear regression and 
Gingrich's (1967) data to calculate GV from 
QSD. The resulting equation was: 

then ( 17 )  

Note that $DBI4 equals arithmetic mean stand 
M 

%J=: PRD 

diameter (ASD) and ~ D B H ~  equals quadratic 
M 

mean stand diameter squared (QSD~) . QSD Is 
related to MD by the coefficient of variation 
of MD 

and 
BA - N QSD. 



The met r ic  s tock ing  c h a r t  was cons t ruc ted  
i n  t h e  same way, These c h a r t s  can be used t o  
e s t i m a t e  r e l a t i v e  d e n s i t y  i n  s h o r t l e a f  p i n e  
s t a n d s  i f  two of t h e  £01 lowing q u a n t i t i e s  a r e  
know: number of t r e e s ,  b a s a l  a r e a ,  o r  quadra- 
t i c  mean s tand  diameter. 

The c h a r t s  overes t imate  percent  r e l a t i v e  
d e n s i t y  i n  s tands  whose diameter  range is  
narrow and underest imate those  wi th  a wide 
range, For maximum accuracy i n  e s t i m a t i n g  per- 
c e n t  r e l a t i v e  d e n s i t y ,  t r e e  d iameters  should be 
measured and percent  r e l a t i v e  d e n s i t y  should be 
c a l c u l a t e d  by using equa t ion  ( 6 )  o r  (7) .  

Roach and Gingrich (1968) g ive  a good 
account of es t imat ing  b a s a l  a r e a  measurements, 
and Rogers (1980) p r e s e n t s  t h e  same in format ion  
f o r  m e t r i c  measurements, I n  p r a c t i c e ,  t r e e s  3 
inches  d.b,h, o r  smal le r ,  i f  p r e s e n t  a t  a l l ,  
can be ignored i n  sawtimber s tands.  But 2-inch 
t r e e s  should be counted i n  s t a n d s  composed of 
pole-sized t r e e s .  I n  a l l  o t h e r  s t a n d s ,  t r e e s  
l-inch d,b,h, o r  l a r g e r  should be counted. 
Understory t r e e s  and shrubs should n o t  be 
counted , 

Percent  r e l a t i v e  d e n s i t y  i n  mixed pine- 
upland hardwood s tands  can be es t imated  by 
t a l l y i n g  pine and hardwood b a s a l  a r e a s  and num- 
b e r s  of trees s e p a r a t e l y ,  Then t h e  pine 
s tock ing  c h a r t  ( f i g ,  1-2) can be used t o  e s t i -  
mate t h e  percent  r e l a t i v e  d e n s i t y  of p ine ,  and 
t h e  upland hardwood s tock ing  c h a r t  (Gingrich 
1967) can be used t o  e s t i m a t e  t h e  percen t  re la -  
t i v e  d e n s i t y  (percent  s tock ing)  of t h e  upland 
hardwoods. Percent  r e l a t i v e  d e n s i t y  of t h e  
mixed s tand  is then t h e  combined percen t  re la -  
t i v e  d e n s i t i e s  of the  hardwood and pine. 

Appl ica t ion  of t h e  Stocking Chart 

Now t h a t  we have a s tock ing  c h a r t ,  what can 
we use i t  f o r ?  I have des igna ted  two r e f e r e n c e  
l i n e s  on t h e  s tocking c h a r t .  One l i n e  (B) 
d e f i n e s  t h e  minimum t r e e  d e n s i t y  f o r  f u l l  s i t e  
u t i l i z a t i o n ,  and t h e  o t h e r  (A) d e f i n e s  maximum 
d e n s i t y  f o r  f u l l  s i t e  u t i l i z a t i o n ,  When den- 
si t ies f a l l  below t h e  minimum d e n s i t y ,  t r e e s  
have mare room on t h e  average than they need 
f o r  mximum growth, I f  s tand  d e n s i t i e s  a t e  
above t h e  maximum, t h e  t r e e s  a r e  too  dense t o  
maintain adequate growth and t h e r e f o r e  mor- 
t a l i t y  i n c r e a s e s  s u b s t a n t i a l l y ,  

To mximize  t h e  growth of both t r e e s  and 
s t a n d s ,  we need t o  have s tands  a t  a d e n s i t y  
t h a t  provides the  average t r e e  wi th  no more o r  
less than t h e  rnaximum amount of growing space 
i t  can use,  T h e o r e t i c a l l y  t h i s  condi t ion  
r e s u l t s  i n  no wasted space, But i n  r e a l i t y ,  
t h e  growth of each t r e e  i n  a s tand  is no t  
u s u a l l y  a t  a maxim= because growing space is 
c a l c u l a t e d  a s  an average s tand  condi t ion  t h a t  
does not n e c e s s a r i l y  p e r t a i n  t o  each i n d i v i d u a l  
tree, To r e a l i z e  maximum d,b,h, growth per  

t r e e ,  each t r e e  must be a l l o c a t e d  i ts s p e c i f l c  
growing space based on i t s  diameter ,  So 
t h i n n i n g  procedures must not  only achieve a 
r e l a t i v e  d e n s i t y  g o a l  on an  area-wide b a s i s ,  
b u t  must s t r i v e  t o  f u r n i s h  each t r e e  with i t s  
maximum growing-space requirements, 

To t h i n  s h o r t l e a d  pine s tands ,  we need t o  
s e t  a s tock ing  goa l  f o r  each s tand  or  group of 
s t a n d s ,  I f  t imber product ion Is important t o  
us ,  we need t o  know when t o  expect a y i e l d  of 
merchantable products  from our  s tands.  For 
example, i f  saw l o g s  b igger  than 15 inches 
d.b.h, a r e  t h e  only products  we expect f ro= a 
s tand  c u r r e n t l y  10 years  o l d ,  then we should 
provide maximum growing space f o r  only those  
c rop  t r e e s  t h a t  w i l l  be p resen t  a t  the  end of 
t h e  r o t a t i o n ,  How many crop t r e e s  a r e  
necessary  i s  d e t e m i n e d  by our  goa ls  of what 
f u t u r e  average d.b,h, and percent  r e l a t i v e  den- 
s i t y  should be. 

On t h e  o t h e r  hand, i f  in te rmedia te  thin-  
nings a r e  p r o f i t a b l e ,  then we can provide maxi- 
mum growing space f o r  a l l  t r e e s  a t  t h e  o u t s e t  
of our  th inn ing  program. A prudent th inn ing  
s t r a t e g y  is one t h a t  de lays  providing maximum 
growing space f o r  a l l  t r e e s  i n  a s tand u n t i l  
th inn ing  becomes p r o f i t a b l e .  I f  we know t h i s  
po in t  i n  t ime,  then s tock ing  goa ls  can be 
def ined  and th inn ing  procedures can be a d j u s t e d  
t o  agree  wi th  our  goals .  But most impor tan t ly ,  
each c rop  t r e e  must be provided with i t s  speci-  
f i c  maximum growing space. 

A f t e r  we have decided on our management 
goa l  and determined a f u t u r e  average s tand 
diameter  and percent  r e l a t i v e  d e n s i t y ,  we can 
use t h e  s tock ing  c h a r t  t o  f i n d  t h e  correspond- 
i n g  number of f u t u r e  crop t r e e s ,  Assuming t h a t  
we want each of t h e s e  f u t u r e  crop t r e e s  t o  have 
a l l  t h e  growing space they can use  (60 percent  
r e l a t i v e  d e n s i t y ) ,  we must remove o ther  t r e e s  
t h a t  compete wi th  t h e i r  growing space. 

Distance between crop t r e e s  can be calcu- 
l a t e d  by d i v i d i n g  t h e  number of t r e e s  needed 
i n t o  43,560 f t 2  ( a c r e )  o r  10,000 m2 ( h e c t a r e )  
and t a k i n g  t h e  square r o o t  of t h e  r e s u l t ,  The 
f o r e s t e r  should choose crop t r e e s  with d e s i r -  
a b l e  c h a r a c t e r i s t i c s  n e a r e s t  t h e  spacing j u s t  
c a l c u l a t e d  along s t r a i g h t  l i n e s  p ro jec ted  
w i t h i n  t h e  s tand ,  Neighboring t r e e s  should be 
c u t  i f  they a r e  c l o s e r  than 

0,403 + 0.085 BBW(ern) mete rs  . ( 2 0 )  

where DBH is t h e  dianete-e of kine l a r g e r  t r e e ,  
A simple th inn ing  r u l e  can be used t o  approxi- 
mate t h i s  d i s t a n c e  i n  f e e t  by mul t ip ly ing  DBH 
by 7 ,  d i v i d i n g  by 10, and adding 1.3 f e e t ,  
i , e , ,  d i s t a n c e  ( f e e t )  = (7*~BN)/10 + 1,3;  o r  i n  
mete rs ,  d i s t a n c e  (meters)  = D B H / ~ O  4- 0,4, 



I developed these equations from equation 
(4), tjhich predicts crown diameter given d.b,h, 
Initially, thinning radii were calculated by 
dividing equation (4) by 2. 

thinning radius = 1,426 + 0.7645DBH (21) 

But computer simulations of thinnings in stands 
showed that percent relative density was being 
reduced below the desired 60-percent level by 
using this thinning radius, By experimenting, 
I found that reducing the thinning radius given 
in equation (21) by 7.3 percent was necessary 
to thin stands to SO percent relative density. 
This led to equations (19) and (20). Thinning 
radii based on these equations for trees of 
different diameters are given in Table 4. 

Table 4,--Thinning radii associated with 
shortleaf pine of varying d,b,h,s 

D,b,h. . . Radius 
Inches : Centimeters : Feet : Meters 

Using this thinning method for all trees 
ensures,  thin the confines of preexisting 
spatial pattern, that each tree and the atand 
will be as close to 60 percent density ae 
possible. But if only crop trees are con- 
sidered, only they can be assured of hving 
sufficient space for maximum growth, 

My experience d t h  shortleaf pine stands 
in Missouri shows that percent relative den- 
sdty increases from 2 to 4 percent per year, 
The rate is higher in young stands and those on 
good sites; it is lower for old stands and 
stands on poor sites. On a conservative basis, 
a atand thinned to 60 percent relative density 
will be at 80 percent relative density in 10 
years, and at 100 percent relative density in 
20 years, As percent relative density 
increaeea, growth on individual trees 
decreases, so a balance must be struck between 

diameter growth and frequency of thinnings, If 
thinnings are delayed much beyond a recommended 
10-year interval, diameter growth of rearaining 
trees will be reduced substantially, Moreover, 
a 10-year thinning cycle maintains steady, near 
maximum growth on residual trees. 

In some instances, percent relative den- 
sities other than 60 percent will be desirable. 
For example, reducing percent relative density 
to 50 or 40 percent encourages pine regeneration, 
which thrives under these low overstory density 
conditions as long as hardwood competition is 
controlled, 

Guides for thinning shortleaf pine involve 
setting management goals, using stocking charts 
to determine future density levels, and using 
the 7/10 DBH + 1.3 thinning rule. Using these 
guides will help foresters create favorable 
growing conditions for all crop trees under 
their care, 
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RECOVERY OF UMDERSTOCKED, UNEVEN-AGED PINE 

I I STPLSJDS ANff SUPPRESSED TREES- 

2 / B, F, McLemore - 

Abstract.--Preliminary d a t a  i n d i c a t e s  t h a t  recovery of 
understocked lob lo l ly -shor t lea f  p i n e  s t a n d s  i s  rap id .  
Annual i n c r e a s e  i n  percent  s tocking averaged 4.6 percent  
dur ing  t h e  f i r s t  two years ,  while  b a s a l  a r e a  increased 
approximately 15 percent  annual ly,  fol lowing logging and 
r e l e a s e  from hardwood competition. Suppressed t r e e s  a l s o  
made good r a t e s  of recovery when r e l e a s e d ,  averaging 0.7 inch 
i n c r e a s e  i n  d,b.h. over t h e  i n i t i a l  2-year period.  The b e s t  
p r e d i c t o r s  of a suppressed t r e e ' s  a b i l i t y  t o  recover  and 
grow were: ( I )  stem diameter  a t  t h e  base of t h e  crown, 
(2) r a d i a l  growth f o r  5 y e a r s  preceding r e l e a s e ,  (3) d,b,h.,  
and (4) r e c i p r o c a l  of age. 

INTRODUCTION 

Research a t  Crosse t t ,  Arkansas, shows t h a t  
uneven-aged management of l o b l o l l y  (Pinus taeda)  - 
s h o r t l e a f  (g. ech ina ta )  s t a n d s  may s u i t  t h e  p r i v a t e  
n o n i n d u s t r i a l  landowner ' s obj  e c t i v e s  b e t t e r  than 
i n t e n s i v e  even-aged management p r a c t  iced by most 
Federal ,  S t a t e ,  and i n d u s t r i a l  land managers 
(Reynolds 1969). A major problem i n  placing 
p r i v a t e  land under management i s  t h e  poor 
condi t ion ,  o r  low stocking l e v e l s ,  o f t e n  found on 
t h i s  l and .  Marketable s t a n d s  of sawtimber a r e  
o f t e n  l i q u i d a t e d ,  l eav ing  t h e  a r e a  poorly stocked. 

Research on t h e  Crosse t t  Experimental Fores t  
has  demonstrated t h a t  f o r e s t  p r o p e r t i e s  having a s  
l i t t l e  a s  35 f t 2  b a s a l  a r e a ,  o r  2,000 bd. f t l a c r e  
(Doyle) sawlog volume can be qu ick ly  r e h a b i l i t a t e d  
(Reynolds 1969). But many p r i v a t e  ownerships 
today have s tands  wi th  s tocking l e v e l s  below 35 
f t 2  b a s a l  a r e a  o r  2,000 bd. f t l a c r e .  The ques t ion  
a r i s e s  then about how poorly stocked a s tand may be 
and subsequently recover  a f t e r  being placed under 
management. Also, many of t h e  t r e e s  l e f t  a f t e r  

1' Paper presented a t  Southern S i l v i c u l t u r a l  
Research Conference, At lan ta ,  Georgia, Novmber 
4-5, 1982. 

21 P r i n c i p a l  S i l v i c u l t u r i s t  , Fores t ry  Sciences 
Laboratory, Monticel lo ,  AR, Southern Fores t  Experi- 
ment S t a t i o n ,  USDA Fores t  Serv ice  i n  cooperat ion 
with t h e  Department of Forest  Resources and t h e  
Arkansas A g r i c u l t u r a l  Experislent S t a t i o n ,  Univers i ty  
of Arkansas a t  P?onticello. 

sawtimber has been c u t  a r e  in te rmedia te  o r  
suppressed, and t h e i r  a b i l i t y  t o  recover  and make 
accep tab le  c rop  t r e e s  i s  unknown, A s e r i e s  of 
s t u d i e s  was i n s t a l l e d  i n  southern Arkansas i n  1999 
t o  provide answers t o  t h e s e  quest ions.  

METHODS 

Determination of Minimum Stocking Levels  

Two uneven-aged l o b l o l l y - s h o r t l e a f  pine- 
hardwood a r e a s  i n  sou th  Arkansas were s e l e c t e d  
f o r  s tudy  establ ishment .  One s tudy was es tab-  
l i s h e d  i n  Ashley County, where t h e  s i te  index f o r  , 
l o b l o l l y  p i n e  is about 95 f e e t  a t  age 50, h e r e a f t e r  1 

I r e f e r r e d  t o  a s  t h e  good s i t e ,  A second s tudy  was I 
i n s t a l l e d  i n  Nevada and Ouachita c o u n t i e s  where 
t h e  s i t e  index f o r  l o b l o l l y  i s  about 80 f e e t ,  
obviously t h e  poor s i t e .  

Stocking l e v e l s  of 10, 20, 30, 48 and 50 
percent  were e s t a b l i s h e d  on good and poor s i t e s  
according t o  t h e  t ree -a rea  r a t i o  (Chisman and 
Schumacher 1940) a s  modified by McLemore (1981). 
Treatment p l o t s  were I-acre square p l o t s  wi th  
i n t e r i o r  one-half a c r e  measurment  p l o t s .  The 
d,b.h, of a l l  t r e e s  i n  t h e  measurment  p l o t  was 
measured a f t e r  two growing seasons; g iv ing  a 
prel iminary r a t e  of recovery. Rate of recovery 
was evaluated on ly  f o r  those  t r e e s  which e x i s t e d  
a t  t h e  s t a r t  of t h e  growth ~ e r i o d ;  new r e g e n e r a t i o n  
was excluded from t h e s e  ana lyses .  A 1 1  f i v e  t r e a t -  
ments were r e p l i c a t e d  t h r e e  t imes on each a r e a .  



Stocking l e v e l s  were achieved fol lowing a 
p re l iminary  inventory of t h e  s tudy  a r e a s .  A l l  
t r e e s  l a r g e r  than 12 inches  d,b,h. were logged 
from p l o t s  during t h e  win te r  of 1979-1980. Trees 
i n  t h e  smal le r  d.b,h, c l a s s e s  were subsequently 
removed u n t i l  t h e  p rescr ibed  s tocking l e v e l s  were 
a t t a i n e d  , Remaining t r e e s  ranging from seed l ings  
t o  12 inches  d,b,h, were s e l e c t e d  f o r  un i formi ty  
of d i s t r i b u t i o n ,  An e f f o r t  was made t o  s e l e c t  
adequate numbers of stems i n  each 1-inch c l a s s  t o  
approximate a Q f a c t o r  of 1.2 t o  1.3, where Q is 
t h e  number of t r e e s  i n  a given diameter  c l a s s  a s  
a p ropor t ion  of t h e  number of t r e e s  i n  t h e  next  
higher  c l a s s .  Hardwoods on t h e  s tudy  p l o t s  were 
i n j e c t e d  wi th  Tordon 101 i n  t h e  spr ing  of 1980. 

Recovery of Suppressed Trees 

Eighty-two in te rmedia te  and suppressed 
l o b l o l l y  p ines  were s e l e c t e d  on t h e  i s o l a t i o n  
s t r i p s  of t h e  good s i t e  descr ibed  above. The 
fol lowing 1 0  v a r i a b l e s  were measured f o r  each 
t r e e  t o  determine most important f a c t o r s  i n  
p r e d i c t i n g  t h e  a b i l i t y  of a suppressed t r e e  t o  
recover  fol lowing r e l e a s e :  (1) he igh t ,  (2) d e b ,  h., 
(3) age,  (4) r a d i a l  growth l a s t  5 years ,  (5) crown 
volume, (6) percent  l i v e  crown, (7) stem diameter 
a t  base of crown, (8) hardwood competi t ion index 
p r i o r  t o  r e l e a s e  (Daniels  and Burkhart 1975), 
(9) p ine  competi t ion index p r i o r  t o  r e l e a s e ,  and 
(10) p ine  competi t ion index a f t e r  r e l e a s e .  No 
measurements were made of t h e  hardwood competi t ion 
index a f t e r  r e l e a s e  s i n c e  a l l  hardwoods were 
i n j e c t e d  when t h e  s tudy was i n s t a l l e d .  Trees 
ranged from 2 t o  9 inches  d.b.h, and from 12 t o  
43 y e a r s  of age. 

Response of t h e  t r e e s  t o  r e l e a s e  was evaluated 
by measuring d,b.h, a f t e r  two growing seasons. 
Stepwise r e g r e s s i o n  ana lyses  were employed t o  
determine t h e  in f luence  of t h e  t e n  f a c t o r s  l i s t e d  
above on d.b.h, growth. 

RESULTS 

Stocking Levels  

The percentage i n c r e a s e  i n  s tock ing  l e v e l s  
on t h e  good s i t e  ranged from 7.2 t o  12.5, and 
averaged 9.5 percent  a f t e r  two growing seasons 
(Table 1 ) .  Percentage i n c r e a s e s  on t h e  poor s i t e  
were s i m i l a r  t o  t h e  good s i t e ,  ranging from 8.3 t o  
10.2 and averaging 9.1 percent .  Analyses of 
v a r i a n c e  ind ica ted  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  
percentage i n c r e a s e  i n  s tocking between t rea tments  
a t  e i t h e r  s i t e ,  Hence, t h e  annual  r a t e  of recovery 
during t h e  i n i t i a l  2-year period may be considered 
about 4 .6  percen t ,  when new reproduceion is ignored. 
The ingrowth of new regenera t ion  would obviously 
i n c r e a s e  t h i s  f i g u r e .  

Assuming a n  annual  recovery r a t e  of 4.6 percen t ,  
t h e  fol lowing t a b u l a t i o n  i n d i c a t e s  t h e  approxiraate 
number of y e a r s  f o r  t h e  v a r i o u s  i n i t i a l  s tock ing  
l e v e l s  t o  reach  an  accep tab le  l e v e l  of 60  percent :  

I n i t i a l  percen t  Years t o  a t t a i n  
s tock ing  

10 40  

It is emphasized t h a t  t h i s  assumes a s t r a i g h t  
l i n e  of recovery a t  4.6 percent  per  year ,  which 
may no t  be t h e  c a s e  i n  f u t u r e  years ,  and ignores  
t h e  c o n t r i b u t i o n  of new reproduct ion.  

A l l  t rea tments  showed a dramatic  i n c r e a s e  i n  
b a s a l  a r e a  over  t h e  2-year period (Table 2 ) .  
I n i t i a l  b a s a l  a r e a s  ranged from about 4 f t 2 / a c r e  
f o r  t h e  10 percen t  s tocking l e v e l  t o  about 16 
f t 2 / a c r e  f o r  t h e  50 percen t  l e v e l .  The percentage 
i n c r e a s e  over t h e  two-year period was 38 percen t  
on t h e  good s i t e  and 31 percent  on t h e  poor s i t e .  
The b a s a l  a r e a  of t h e s e  understocked s t a n d s  would 
double i n  5 y e a r s  i f  an  annual i n c r e a s e  of 15  
percen t  is assumed. 

Recovery of Suppressed Trees 

Diameter growth of s tudy t r e e s  was s u r p r i s i n g l y  
good during t h e  two years  immediately fol lowing 
r e l e a s e .  Average d.b.h. increased by 0.7 inch  
f o r  t h e  82 t r e e s .  S ince  t h e  t r e e s  averaged 4.8 
inches d.b.h. i n i t i a l l y ,  an  i n c r e a s e  i n  b a s a l  a r e a  
of s l i g h t l y  over 30 percent  dur ing  t h e  2-year 
period occurred,  This  is even more dramatic  when 
it is  considered t h a t  t h e  t r e e s  averaged 26 y e a r s  
of a g e  when t h e  s tudy  was i n s t a l l e d ,  

Table 3 l ists t h e  order  i n  which t h e  10 
v a r i a b l e s  appeared when a s tepwise r e p r e s s i o n  
f o r  d,b.h. growth was appl ied .  The ~2 v a l u e s  a r e  
a l s o  l i s t e d .  It is somewhat s u r p r i s i n g  t h a t  
diameter  a t  base  of l i v e  crown appeared f i r s t ,  
while  percen t  l i v e  crown was l a s t .  L i t t l e  was 
gained by going beyond t h e  f o u r  v a r i a b l e s  of 
diameter  a t  base of l i v e  crown, r a d i a l  growth l a s t  
5 years ,  i n i t i a l  d,b.h., and r e c i p r o c a l  of age,  
The ~2 f o r  t h e s e  f o u r  v a r i a b l e s  was 0.60. None sf  
t h e  competi t ion i n d i c e s  were of any g r e a t  importance 
i n  determining a t r e e ' s  a b i l i t y  t o  recover  and grow, 
Again, t h e s e  a r e  p re l iminary  r e s u l t s ,  a f t e r  on ly  
two y e a r s  of observat ion.  



T a b l e  1.--Change i n  s t o c k i n g  o v e r  a 2-year p e r i o d ,  

Good S i t e  
10.07 10.80 0.73 7.2 
20.05 21.95 1.90 9.5 
36.04 32.67 2.63 8.8 
40.1 1 43.94 3.83 9.5 
50.04 56.35 6.26 12.5 

Average 9.5 

Poor  S i t e  
10,33 11.37 1.04 10.1 
20.21 22 -28  2,07 10,2  
30.32 32.84 2.52 8 .3  
40.48 43.88 3.40 8.4 
50.08 54,30 4.22 8.4 

Average 9.1 
1 I 

-ti Based on s t o c k i n g  e q u a t i o n .  

T a b l e  2,--Change i n  b a s a l  a r e a  o v e r  a 2-year p e r i o d  

Good S i t e  
1 0  4.03 4.98 0.95 23.6 a I-/ 
20 6.96 9.36 2.40 34 ,5  b 
30  9.88 13.18 3.30 33.4 ab  
40  11.03 15.68 4.65 42.2 bc 
50 12.85 20.07 7.22 56.2 c 

Average 38.0 

Poor S i t e  
10 4,42 5.76 1.34 30.3 
2 0 7.46  10.05 2.59 34.7 
3 0 11-99  15.74 3 - 7 5  31.3 
40  13.96 18.34 4 ,38 31.4 
5 0 17.91 22.94 5.03 28.1 

Average 31.2 

11 Percentages w i t h  t h e  same l e t t e r  d o  n o 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 level. 



Table 3,--Regression models for d,b,k,  growth after two years, 

Yo. va r i ab l e s  
i n  model It2 

I 0,448 
2 * 533 
3 .569 
4 .599 
5 .607 
6 -612 
7 -618 
8 .622 
9 .622 
10 -622 

1 i" Var iab les  i n  model- 

7 

'' 1. Height 6 ,  Percent  l i v e  crown 
2, I n i t i a l  d.b,h, 7. Diameter a t  base of crown 
3 .  Reciprocal  of age  8. Bdwd, competi t ion index before  r e l e a s e  
4 ,  Radial  growth l a s t  5 y r s ,  9, P ine  comp, index before  r e l e a s e  
5, Crown volume 10, P i n e  comp, index a f t e r  r e l e a s e  

S AND CONCLUSIONS 

R e s u l t s  from t h e s e  s t u d i e s  i t ld ica te  t h a t  
understoeked, unwen-aged l o b l o l l y - s h o r t l e a f  p i n e  
s tands  may be expected t o  show an i n i t i a l  annual  
r a t e  of recovery sf  4,5  t o  5 percen t  when hard- 
woods are controlled, I f  t h i s  t rend  cont inues ,  
and new reproduc t  ion is ignored,  s tock ing  l e v e l s  
w i l l  double  En approximately 15 years ,  Annual 
basal area increase averaged about 15 percen t ,  
i nd i ca t i ng  t h a t  basa l  a r e a  will double i n  5 years ,  

Suppressed t r e e s  showed good a b i l i t y  t o  
recover  and grow PoLLowdng r e l e a s e ,  averaging 
0.7 inch increase i n  d,b,h,  over the i n i t i a l  
2-year p e r i o d ,  The most a c c u r a t e  p r e d i c t o r s  o f  a 
t r e e ' s  a b i l i t y  t o  recover  and grow were stem 
diameter  a t  t h e  base of t h e  c r o m ,  r a d i a l  growth 
f o r  5 y e a r s  preceding r e l e a s e ,  d,b.h,,  and 
r e c i p r o c a l  o f  age, 
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M,G. Gibson, P.E. Pope, D,L, Gass PYi B,C, Fischer and G.M, Wright- 

&stract,--In Ule recent past ,  many upland hardmod 
fo res t  stands have been harvest& with l i t t l e  thouqht given 
t o  the future  stand o r  i t %  management. As a resu l t ,  the 
growth r a t e  and perhaps qua l i ty  of fu ture  crop t r e e s  in  such 
stands could be substant ia l ly  improvesd by the  se lec t ive  
removal of sub-sawlog s i z e  sterns, To date ,  only a limited 
number of these stands have been thinned, primarily because 
hamesting cos t s  exceed& the  value of the  p r d u c t s  removed, 
Markets have been l imited m i n l y  t o  pulp, but increasing 
cos t s  and demnd fo r  wood biomass may increase the value of 
mod chips and improve the opportwlity fo r  thinning, This 
paper repor ts  on the cos t s  and p r d m t i v i t y  of various 
machines cornbind t o  produce a Pow cap i t a l  cos t  but highly 
mechanized system fo r  thinning upland hardmods fo r  energy 
b i m a s s  or  pulp chips. The system was c o r n s &  of an 18 
inch capacity feller-buncher, a two-wheel-drive grapple 
skidder,  and a 12 inch capacity whole t r e e  chipper, Tfne 
oak-hickory s t a d  selected fo r  thinning was tyirtical of the  
region, k p n d i n g  on the  block samples, the  basal area 
ranged from 61 t o  105 square Eeet per acre  Eor t r e e s  4 
inches and greater  in  B M .  Various s i z e  c l a s ses  of t r e e s  up 
t o  12 inches =re  renncrvd from the  d i f fe ren t  blocks, thus 
reduciw the basal area t o  a range of 43 t o  70 square Eeet 
per acre.  E)ep&ing on t r e a b n t ,  prclduction r a t e s  ranged 
fom 2.68 t o  10.1I tons per hour, The cos t  t o  praluce chips 
r a ~ d  from a low of $18.06 per green ton t o  $45.86 per 
green ton with var ia t ion due t o  stand charac te r i s t i c s ,  remo- 
val  r a t e ,  and chip  use, Followirng t h e  thinning, damage t o  
the  r e s i d w l  t r ees  was c l a s s i f i d  a s  acceptable but the  
amunt  of damage increased a s  the  basal area removed, 
increased, Soi l  erosion was s l i g h t  t o  mdera te  in  the  w i n  
skid t r a i l s  and non-detectable on the reminder of the  area. 

Tkiming, as  a s i l v i c u l t u r a l  tool ,  is an 
i m p r t a n t  aspect of ti-r management i n  the  
hardmod regions of the  Unit& States, Crow 
release o r  c r a m  thinning w u a l l y  r e su l t s  in  

2 / & ~ .  Prof. A q i c U l t ~ ~ a l  hgineering 
Lkpt.; ilsmc. Prof,, as=. Prof., &sac. Prof., 
Forestry and Hatural Bmurees Dept,; Mension  
mrester, SIPX; -due f ln i~msi ty ,  W s t  bf- 
ayet te ,  I N  49907, 

volme qro*h of the residual stand *ich is 
greater  than the m a i n n e d  stand (&ek and Della 
- Biapca, 1975; Graney and W p r  1978) and can 
be j u s t i f i d  both s i l v i c u l t u r a l l y  a& ecsnomi- 
ca l ly ,  In well manag& stands t h i m d  perisdi-  
sally, t h i s  increase i n  volme groMth can 
approach 35 w r c e n t  (PIarriwton and Karnig , 
1975) but is dependent on a n 
inelcarling pre- and p o s t - a i m i n g  stand densi- 
t i e s ,  average s i z e  c l a s s ,  age of the  residual 
stand, and s i t e  qua l i ty  (RQach and Cingrich, 
1968). fn te rmdia te  thinnings aimed a t  upgrad- 
ing the  exis t ing stand by remving poor qua l i ty  
growing stock, weed t r e e s  and understory rarely 
enhance residual stand grot;rth (Baie, 1975; Fer- 
guson, unpubliskd; W e i t m n  and mimble, 1957) 
and have been a l l  but abndsn& in mny f o r e s t  



management program. m e r e  non-comercial thin- 
nings a r e  practiced,  fo res t  managers have used 
chemical herbicide t r e a m n t s ,  g i rdl ing or 
fell-and-leave methods t o  remve small t r e e s  
from a stand on a pure-cost, no-return bas is ,  

Rising energy cos t s  and potent ia l  disrup- 
t ions  i n  l iquid  fuel  supplies have caused indus- 
t r i e s ,  national planners, and research ins t i tu -  
t ions  t o  look a t  biomass a s  an energy source, 
In m r t i c u l a r ,  fo res t  biomass from thinnings and 
residues have been ident i f ied  a s  a source t h a t  
co d supply, each year, up t o  10 Quads (10 x 
loY' Btus) by the  year 2000 t o  the  energy 
requirements of the  United States.  Conversion 
t o  energy could take the  form of gas i f ica t ion,  
alcohol (methanol o r  ethanol) production, o r  
d i r e c t  combustion ( indus t r i a l  and/or pr ivate  
home consmption).  m e  l a rges t  supply of fo res t  
material e x i s t s  i n  timber stands t h a t  require 
thinning fo r  sawlog management. Two forces,  
then, a r e  coming together t o  hopefully produce 
benef ic ia l  r e s u l t s  here-to-fore not possible: 
energy needs and timber management needs resul t -  
ing in biomass fo r  energy from thinnings and 
well managed timber stands fo r  improved so l id  
wood production. 

One c r i t i c a l  problem t h a t  must be answered, 
however, is how t o  remove the  f o r e s t  biomass 
material  economically without excessive damage 
t o  the  residual fo res t  stand. Successes have 
been noted i n  highly capi ta l ized systems, but 
f o r  many small sized upland (centra l  s t a t e s )  
hardmod stands,  a small, mobile system may be 
more p rac t i ca l  (Codrick e t  a l . ,  1981) . This 
study was conducted t o  deternine the f e a s i b i l i t y  
of using a small, low-capital-investment, mobile 
thinning system for the upland hardwoods, 

Specific objectives of t h i s  research were 
t o  determine operational cos t s  by 
time/production fo r  the shears,  grapple skidder 
and in-woods chipper system, t o  determine the  
influence of chip qual i ty ,  i . e , ,  whole t r e e  vs. 
bole wood chips,  on biomass yield and opera- 
t ional  cos ts ,  and t o  determine s i t e  and residual 
stand damage result ing from t h i s  thinning sys- 
tem. 

S i t e  

The prethinning basal  area was 105, 100 and 
61 square f e e t  per acre,  respectively,  f o r  t r e e s  
4 inches and greater  f o r  blocks 1, 2 and 3, %Tie 
stand was thinned from below Csizg a diameter 
l i m i t  cut .  A l l  stems 4 t h r o q h  12 inches DBW 
were remved from block 1, 4 through 10 inches 
DBH f r m  block 2 and 4 through 8 inche2 from 
block 3. ~ e s i d u a l  stand basal area ( f t  ) were 
61, 70 43 f o r  block 1, 2, and 3, respec- - - t ively . 

Soi l s  

The predominate s o i l  type 
was a Zainesvil le silt loam ( 
f ine-s i l ty ,  mixed, mesic) of 6 t o  12 percent 
slope with major inclusions of Wellston silt 
loam (Ul t ic  Mpludalf s, f ine-sil ty,  mixed, 
mesic) a l so  of 6 t o  12 percent slope, Both 
s o i l s  occur on upland s i t e s  and a r e  deep, w e l l  
drained, gent ly  sloping t o  strongly sloping and 
have a moderately f i n e  textured subsoil ,  the  
lower pa r t  of which is a fragipan f o r  the  
Zainesvil le s o i l .  

Harvesting Equipnent 

The equipnent selected f o r  use i n  t h i s  
study was based on the  r e s u l t s  of a previous 
study which evaluated d i f fe ren t  capacity and 
capi ta l ized value thinning slstems fo r  uses i n  
upland hardwoods (Codrick e t  a l . ,  1981) . The 
equipnent selected was: 1) a Dunham, Model 660 
Log Skidder 75-5 HP - equipped w i t h  a 40 inch 
opening grapple; 2) a Melroe Bobcat Feller-  
Buncher , Nodel 1080, equipped with a 18 inch 
opening shear; and, 3) a Morbark Model 12 Whole 
Tree Chipper with a 12 inch chipper throat  open- 
ing (Fig. 3 ) .  Chips were transported by highway 
ch ip  vans. 

A landing area,  150 x 180 f e e t ,  was 
selected a t  a convenient location fo r  chip  van 
turn-around and skid t r a i l  termination and was 
sized fo r  2 chip  vans, the  chipper, a deck f o r  
whole t r e e  storage and a skidder turn around 
area (Figs. 1 and 2) . 

Reference markers were located along the  
main skid t r a i l s  pr ior  t o  the  harvesting opera- 
t i o n  and were assessed before, immediately fol -  
lowing the  termination of harvesting operations,  
and one year a f t e r  harvesting t o  evaluate s o i l  
movement resul t ing from the  harvesting operation 
and subsequent erosion. Immediately following 
the  harvesting operation, the  main skid t r a i l s  
were sown with red fesuce, 

The t r e e s  were fe l l ed  and bunched by the  
feller-buncher with the  basal end of the  stems 
(but ts )  facing the  landing, o r  a t  an angle t o  
the  skid t r a i l  (Fig. 4).  The skidder tran- 
sported loads of bunched t r e e s  t o  the  landing. 
Fell ing,  bunching, and skidding were timed a s  
was the  chipping phase. 

Timing of each operation was based on 100% 
of each phases' operation. Timing data  was 
recorded i n  the  woods fo r  the  feller-buncher and 
delays of the  skidder ( i , e . ,  the  woods observer 
timed the  feller-buncher operation and noted 
delays f o r  the  skidder) , while the  chipper and 
skidder were timed a t  the  landing. Total ton- 
nage came from pulpnil1 weight t i cke t s .  Each 
machine handled the same weight, hence t o t a l  



tons divided by machine time gives the produc- 
t ion ra te  (or tons/unit time). To create a bal- 
anced system, skidder tonnage was doubled (using 
2 skidders) . Some error  might be introdwed 
here since 2 skidders could interfere  with each 
other. For t h i s  study, t h i s  was ass  negli- 
gible. 

C5n ar r iva l  a t  the landings, the t rees  were 
deposited ei ther  a t  the chipper, o r  -- i f  the 
chipper had a supply of t rees  -- on the landing 
but out of reach of the chipper. The skidder 
operator would move t rees  from the storage area 
t o  the chipper when necessary. 

Main t r a i l s  were marked but no other skid 
t r a i l s  were prepared. The feller-buncher did 
some clearing of t rees  from the main t r a i l s .  
The landing was cleared of t rees  and a small 
segment was leveled by blading for use by the 
chip van. The truck road was cut through the 
timber by fe l l ing  t rees  and a moderate amount of 
blading. Steep sections and so f t  spots were 

rocked. These preparation times and costs  a re  
not included i n  the cost  figures a t  the end of 
t h i s  paper. 

All damage to  the res idml  stand was 
recorded and ploted on a stand map a t  the time 
of occurrance, except for root d m g e  estimates 
which were assessed a f te r  ac t iv i ty  in  a plot  was 
completed. Residual stand damage was divided 
into three categories: (1) basal stem d 
(2)  root darnage, and ( 3 )  limb breakage, and 
evaluated for  the skidder and the feller-bmcher 
(F/B) . Basal stem damage was def ined a s  any 
a l te ra t ion  in  the bark and cambial t issue which 
resulted in  the exposure of the inner wood. 
Examples include f isures  and bark separation, 
and removal of bark and cambium resulting from 
impacts with the machinery or  in t ree  fe l l ing  
and skidding operations. Wt damage was 
defined a s  the exposure or  severing of roots. 

MAIN ROAD 

Figure I. Harvest Plot Locations with Truck Road, Landing, and Main Skid Road. 



* e> ~Skidder Route 

t used in study. Feller-bmcher at 
left and skidder, chipper, and chip van a t  ri&t. 



Harvesting cos t s  were determined using 
standard methods developed by Miyata (1980). 
The processing ra te  fo r  each operation was cal-  
culated from the number of t r e e s  handled and the  
time used i n  each separate phase ( f e l l i n g ,  
bunching, skidding, and chipping). The process- 
ing ra t e s  a r e  given in  Table 1, 

Delays 

Delays occurred primarily i n  the chipping 
phase of the  system. Because of the  l imited 
intake on the  chipper, 24 t o  36 inches from the  
b u t t  end of 44 t r e e s  had t o  be removed by chain 
sawing before chipping could be completed, 
Total delay,  including skidder caused delays,  
amounted t o  36.0 minutes of 47 percent of the  
t o t a l  chipping time, 

Fi-e 4.--0ne of the cul l  trees sheared and 
chip@ i n  study, 

Limb breakage was recorded for  a l l  limbs two 
inches and larger on t r e e s  of the residual 
stand, 

The damage t o  each residual crop t r e e ,  by 
the  skidding and f e l l i n g  owra t ion ,  was examined 
a f t e r  completion of the  thinning, The wound 
surface area of t r e e s  barked by the  skidder or  
feller-buncher was estimated by two measurements 
a t  r igh t  angles t o  each other .  Total damage in  
square inches by the  skidder and feller-buncher 
and a s  a percent of the  t o t a l  crop t r e e s  damaged 
was determined, Limbs broken in  the  f e l l i n g  
operation were recorded by two diameter classes:  
l i~nbs  greater  than 4" diameter a t  the  bole, and 
limbs l e s s  than 4" a t  the  bole. Limb diameter 
up i n  the  crowns had t o  be estimated. ge t o  
root systems was recorded i f  skid t r a i l  r u t s  
exposed crop t r e e  roots.  Root damage was 
expressed a s  the  percent of t o t a l  crop t r e e s  
damaged* 

Costs 

Production cos t s  were established using a 
balanced harvesting system. The lowest produc- 
ing uni t  was the skidder a t  0.059 tons per 
minute. Using simulation, the system was 
balanced by adding a second skidder t h a t  r e s u l t s  
i n  a production t ab le  a s  follows f o r  block 1 
(considered typical  fo r  t h i s  type of operation)= 

Feller/Buncher 0.171 tons/min (pulp chips) 
Skidder 0.118 tons/min (pulp chips) 
Chipper 0.185 tons/min (pulp chips) 

A higher production chipper would necessi- 
t a t e  the  addit ion of a th i rd  skidder t o  o f f s e t  
the  over production of the  feller-buncher but 
f o r  t h i s  system, two skidders a re  su f f i c i en t .  
Equipment and labor cos t s  used t o  determine sys- 
tem cos t s  a r e  given in  Table 2. Table 3 gives  
the  cos t  for  pulp chips where the  top chips ((4 
inch main stem) were chipped but deposited i n  a 
p i l e  beside the  van.. Table 3 a l so  r e f l e c t s  the  

Table 1. Processing Rate (Time) fo r  Each Function 

Block if1 Block #2 Block #3 
Trees Tons Trees Tons Trees Tons 

9er 
mln. ;I.ter mln. per mln, ger mln. 9er mln. ger 

mln. 

Fell-Bunch 0.73 -273 (.171) 0.89 -265 f.165) 1.25 ,121 (-061) 
Skid 0.25 -094 (.059) 0.32 .095 (.059) 0.76 .073 t.045) 
Chip 0.79 .296 (.185) 0.85 .253 (.158) 1.30 ,126 (-079) 

NOTE: Values i n  ( f  a r e  fo r  pulp chips where top weights a r e  not 
included in  processing ra tes .  



Table 2. Equipment and labor costs .  

Machine Labor Machine Rate Labor Rate Total Cost/Hour 

$/Prod, Hr.3 $/Prod. Hr. $/prod. Hr. 

1 &beat Fel ler  Buncher 1 Oper. 23.14 9.23 32.37 
2 m h a m  660 Log Skidder 2 Oper. 30.46 14.92 45.38 
1 Mobark 12" Qliparvester 1 Oper. 31.96 8.00 39.96 
1 Fuel & Maintenance Truck - 5.68 -- 5.68 
2 Chainsaws -- 3.80 - 3.80 
1 Landing Worker 1 -- 5.00 5.00 

Total $132.19/hr 

L l ~ o t a l  cos t  per productive hour includes u t i l i za t ion  r a t e s  per Miyata 
and Steinholb, 1981. Does not include trucking. 

Table 3. Removals for  Pulpwood Use [stem 
mod t o  a 10 cm (4 inch) top] and 
Harvesting Cost fo r  Each Plot. 

Prod Rate 
to>hr ~os t / to&/  Block ton/acre- 

3 (4" t o  8") 7.71 3.66 45.86 

Li Available for  pulpchips (without tops) . 
2' 55 mile transportation distance.  

cos t  of hauling 55 miles, one-way t o  a p u l p  
millL'. Costs per ton of fuel  and pulp chips 
a r e  given i n  Tables 3 and 4. Table 4 shows the  
cos t s  of producing chips fo r  an (hypothetical) 
energy plant  located 55 miles from the harvest- 
ing s i t e .  The weight of chips from tops 
(branches and leaves) was incorporated in to  the  
production f igures  fo r  t h i s  table .  The separate 
machine cos t s  per hour a s  given in  Table 2 were 
used, along with production ra te s ,  t o  determine 
the  cos t  per ton f igures  in  Tables 3 and 4. 

Residual Stand Damage 

Damage t o  the  residual stand is given i n  
Table 5. Most of the  damage was caused by the  
skidding phase of the  operation where 11 t o  18 
percent of the  residual t r e e s  were damaged (bark 
remved) near the  bottom of the  t r e e  (Fig. 5) . 
Maximum damage by the  feller-b~mcher was 1 per- 
cent.  Root damage could not be separated by 
machine so skidder and feller-buncher damage a r e  
combined. Root damage ranged from 1 t o  7 per- 
cent. Limb breakage on residual t r ees  was 
caused so le ly  by the feller-buncher and ranged 
from 2 t o  5 percent. 

Table 4. Removals for  Energy Use ( t o t a l  t r e e  
weight including branches) and Harvesting 
Cost fo r  Each Plot. 

DISCUSSION 

Removalg/ Prod. Rate 
Block ton/acre- ton/hr ~os t / to&/  

11 Includes tops. 

2/ 55 mile transportation distance.  

The equipnent studied does provide a mobile 
system t o  th in  upland hardwods (Fig. 6) . The 
cos t s  of producing pulpchips with t h i s  system is 
not  competitive with larger  equipment When chips 
from the t r e e  tops cannot be used. However, 
energy chip  cos t s  (which includes t r e e  tops) a r e  
c lose  t o  competitive pr ices  fo r  some non- 
renewable sources of energy. In some locations,  
t h i s  system could produce energy chips a t  a cos t  

A/~ote :  ~ c t u a l  distance was 110 piles w i t h  
proportionally hiqher transportation costs. The 
shor ter  d is tance was se lected as being mre 
realistic. 



Table 5. Residual stand damage (as percent of remining treesf. 

Basal Stem Damage Root Damage Limb Breakage Residual Trees 
Block Skidder F/E&/ Total Skidder + F/B F/B Remvd per Aere 

A/F/B = Feller-Buncher . 

Table 6. Conventional Fuel Costs and Equivalent Mod Costs. 

Coal -- $32/ton (13000 Btu/lb) Wod -- $6.25/ton (3500 Btu/lb) 
80% Combustion efficiency 60% Combustion efficiency 

Oil -- $1.30/gal (140,000 Btu/gal) Wood -- $43.00/ton 
80% Combustion efficiency 

Natural 
Gas -- $3.30/100 ft3 Wood -- $17.00/ton 

85% Combustion efficiency 

Note: Fuel costs used are for 1981. 

Figure 5.--Residual tree in skidding. 6.--0ne of min skid roads after 
lsgginq. 



Table 7. %inning degree by block. 

No, t r e e s  No. t r e e s  B A ( f t 2 / ~ )  BA 
Block # Before After remved Before M t e r  remved 

comprable with a l t e rna t ive  conventional energy 
sources. Using Arola and Myata's (1981) method 
of determining breakeven cos t s  for  wood vs. 
other f u e l s  equivalent mod pr ices  t o  equal eon- 
ventional fuel  a r e  given i n  Table 6. 

The lowest cos t  of producing wood from our 
study was $18.06/ton which does not include pro- 
f i t  o r  stumpage. Using a 25% p r o f i t  margin and 
a $2/ton stumpage value, the  lowest cos t  jumps 
t o  $25.08 per ton. Referring t o  Table 6, t h i s  
cos t  is not competitive with coal a t  $6.25/ton, 
is more than natural  gas,  but is l e s s  than o i l  
where the  equivalent wood cos t  is $43,00/ton. 

The diameter l i m i t  cu t  (intermediate cu t )  
i n  e f f e c t  l e f t  the  stand structured f o r  a 
shelterwood system. The objective of the  thin- 
ning, from the  s i l v i c u l t u r a l  perspective, was t o  
marntain adequate densi ty  in  the  s i z e  c l a s s  of 
the  main stand - the  bulk of the  dominant and 
co-dominant t r e e s  - and provide formable condi- 
t ions  fo r  oak regeneration. The reduction in  
basal  area t o  42, 70 and 61 f t 2  (Table 7) should 
open the  stand t o  encourage natura l  regeneration 
and e f f o r t s  a r e  underway t o  monitor and stimu- 
l a t e  reproduction by des i rable  species,  Based 
on the  Roach and Gingrich (1968) stocking guide 
block 3 was over-thinned and blocks 1 and 2 a r e  
j u s t  above the  B curve but a r e  c l a s s i f i ed  a s  
f u l l y  stocked. Block 3 was located i n  an old 
f i e l d  abandoned 60-75 years ago. The stem diam- 
e t e r s  and species composition of t h i s  block cer- 
t a i n l y  r e f l e c t  its recent old f i e l d  history.  

It  should be restated emphatically, a t  t h i s  
point ,  t h a t  the objective of the  study was t o  
determine the  cos t s  of removing small t r e e s  from 
a stand using three d i f f e r e n t  removal s i z e  
ranges. %e methods used are not 
good fo res t ry  pract ices  and, r o n e  case ( the  
removal of 4 t o  8 inch t r e e s ,  block 3, an 
advanced old f i e ld  succession s i tua t ion)  proved 
t o  be completely uneconomical, a s  well. What we 
have done is harvest small t r e e s  from a mixed 
upland hardwood stand using a thinning-from- 
below technique and done it with a small, mobile 
system a t  a cos t  t h a t  is presently competitive 
with higher cost  fue l s ,  We doh recornend 
t h i s  technique without modification. Some 
s e l e c t i v i t y  needs t o  be made i n  marking t r e e s  in  
the  4 t o  12 inch M3H range t o  avoid remving 
t r e e s  of good form and species t h a t  have higher 
commercial value (white oak, e t c  .) . Also, we 

believe t h a t  some t r e e s  larger  than 12 inches 
should be removd. Those t r e e s  of poor form and 
of low comerc ia l  value fo r  sol id  mod products. 
Removing these larger  t r e e s  becomes a handling 
problem, homver, f o r  t h i s  small equiyxnent. 
These t r e e s  muld  probably have t o  be fe l led  by 
chainsaw and possibly bucked in to  pieces fo r  the  
skidder to  handle. 

A larger  c a p c i t y  chipper is needed, not 
only f o r  a mor9ified technique where larger t r e e s  
a r e  taken, but a l so  fo r  the s i z e  of t r e e s  
removed i n  t h i s  s t d y .  
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Table A l .  Trees by Species and Size i n  Block 3. 
(Removal of 4" t o  8" Diameter, 264 t r e e s  t o t a l ,  2.06 acres) 

I Tree I % i n  Block 1 
I I I 
I type 1 4" 1 6" 1 8" 1 Total I 
I I I I I 

I -i oak I ' 2.65 4.55 3.03 10.23-I 
I I I I 

Sass i22.73 9.09 0.76 32.58 I I I I 

I I I I I -1 
I Total I 46.97 i 39.02 i 14.01 i ~ O O . O O  I 

'Fable A2. Trees by Species and Size i n  Block 2. 
(Removal of 4" t o  10" Diameter, 213 t r e e s  t o t a l ,  2.06 acres) 

I Tree / % i n  Block I 
I I I 
I Type 1 4" 1 6" 1 8" 1 10" 1 Total I 
I I ! I I I 

I 
-t oak I 2.35 12.20 16.90 i 20.66 1 52.11 

I I I I I 

J I I I I I I 
1 Ash f 1.88 1 5-63 1 3.29 1 2.35 / 13.15 1 

I I I 1 I I 
Total i 9.87 i 33.32 i 29.58 i 27.24 i 100.01 1 

I I I 



Table A3. Trees by Species and Size  i n  Block 1. 
(Removal of 4" t o  12@' Diameter, 285 trees t o t a l ,  2.06 acres)  

1 Tree / % i n  P lo t  1 
1 I I 

I 
I 

Oak 2.46 1 7.02 1 8.77 110.18 1 9.12 137.55 
! ! I I 1 I I I 
f I I I I I 1 I i Maple i 4.21 i 5.26 / 2.81. / 1.40 ; - 0 - ; 13.68 1 
I I I i I I I I 

Ash 1 0.35 i 1.05 i 0.70 i 1.05 i 1.05 i 4.20 1 

L/"0thertt includes Sassaf ras ,  Ironwood, Blue Beech, 
Beech, Dogwood, and Hawthorn (except i n  Table 1 where Sas- 
s a f r a s  is included).  



OPERATIONAL CHARACTER ISTICS OF A HARVESTER IN INTERMEDIATE CUTTING&/ 

2 / Bryce J. Stokes and Donald t .  Si ro is -  

Abstract.--The f e f  l i n g  and process ing c a p a b i l i t i e s  
s f  t h e  Makeri  331, a  smal l  F i n n i s h  ha rves te r ,  were eva- 
l u a t e d  i n  a t h i n n i n g  o p e r a t i o n  i n  a  southeast  Lou is iana  
l o b l o l l y  p l a n t a t i o n .  C u t t i n g  p a t t e r n s  t e s t e d  were s e l e c t  
t h i n n i n g  w i t h  and w i t h o u t  access c o r r i d o r s .  The e f f e c t  
of p roduc t  l e n g t h  on p r o d u c t i o n  was a l s o  evaluated.  
Regression analyses were used t o  e s t a b l  i s h  p roduc t ion  
r a t e s  f o r  t h e  a l t e r n a t i v e s .  H ighes t  p r o d u c t i o n  was f o r  
t r e e - l e n g t h  p roduc t  l e n g t h  a t  c l o s e  c o r r i d o r  spacings. 
Res iduaf  s tand damage and s o i  1 compaction were measured 
f o r  each o p e r a t i n g  procedure, There was a  s l i g h t  s o i l  
b u l k  d e n s i t y  i nc rease  i n  areas where t h e  machine opera t -  
ed. An average o f  32 pe rcen t  o f  a1 1  r e s i d u a l  t r e e s  per  
a c r e  had some type  o f  b o l e  damage. 

INTRODUCTION 

Techno log ica l  p r e r e q u i s i t e s  f o r  t h i n n i n g  
equipment i n c l u d e  low c a p i t a l  cos t ,  h i g h  produc- 
t i o n ,  and minimal d i s tu rbance  t o  t h e  s o i l  and 
r e s i d u a l  t r e e s .  Such economical and environmen- 
t a l l y  sound systems can inc rease  p r o d u c t i o n  from 
sma l l  ownerships and can be used on large 
i n d u s t r i a l  and Federa l  f o r e s t  lands as w e l l .  
E f f i c i e n t ,  low-cost,  t h i n n i n g  systems f o r  s m a l l  
t r a c t s  a re  needed and a re  be ing  developed, 

The Maker i  ( f i g ,  1) i s  a  smaf 1 m u l t i f u n c t i o n a l  
machine, capable o f  f e l l i n g ,  l imb ing ,  and buck ing 
s i n g l e  stems, P ro to type  u n i t s  have been 
o p e r a t i n g  i n  t h e  South s i n c e  e a r l y  1981, The 
Makeri  was evaluated i n  a 14-year-o ld  seeded 
l o b l o l l y  p l a n t a t i o n  i n  southeastern Louis iana,  
P roduc t ion  s t u d i e s  were performed f o r  d i f f e r e n t  
o p e r a t i n g  procedures. S o i l  compaction and r e -  
s i d u a l  stem damage da ta  were a l s o  c o l l e c t e d ,  

PROCEDURES 

Two t h i n n i n g  procedures, p u r e - s e l e c t  and 
c o r r i d o r - s e l e c t  were s t u d i e d  over a  range o f  
removal l e v e l s ,  c o r r i d o r  spacings, and p roduc t  
l e n g t h s  (See t e s t  b lock  d e s c r i p t i o n ) ,  f f  t h e  

L'paper presented a t  t h e  Second B i e n n i a l  
Southern S i l v i c u f t u r a l  Research Conference, 
A t l a n  , Georgia, November 4-5, 1982, 

kpResearch Engineer and P r o j e c t  Leader, 
Southern F o r e s t  Experiment S t a t i o n ,  USOA F o r e s t  
Serv ice,  Auburn U n i v e r s i t y ,  Alabama 36849. 

F i g u r e  1--Maker 1 Harvester  

b lock  was t o  be a  c o r r i d o r  t e s t ,  then a  10 f t  
wide c o r r i d o r  was f l agged  a t  t h e  a p p r o p r i a t e  spac- 
i n g .  The access c o r r i d o r  meandered around t h e  
bes t  qua1 i t y  t r e e s  l e a v i n g  them i n  the  s tand  where 
p o s s i b l e .  The w i d t h  o f  t h e  c o r r i d o r  was a t  l e a s t  
10 f t  b u t  would v a r y  depending on spacing of 
removal t r e e s ,  Every t r e e  w i t h i n  the  f l a g g e d  
c o r r i d o r  was c u t ,  



Test  Blocks 

Block Remov a1 
Percentage 

40 
48 
61 
4 5 
5 2 
64 
68 
62 
48 
4 6 
45 
5 1 
60 
64 
56 
71 
53 
5 6 
45 
55 
57 

Thinning 
Met hod 
Se lec t  

I 1  

II 

i f  

Corr i dor 
$1 

t l  

I I  

11 

II 

$1 

11 

I 1  

11 

II 

ll 

ll 

I 1  

II 

II 

I 1  

Corr  i dor 
Spacing ( f t )  

- - 
-- 
- - 
- - 
3 0 
30 
30 
3 0 
3 0 
30 
50 
50 
50 
50 
50 
50 
50 

100 
100 
100 
a00 

Product 
Length ( f t )  
5 

5 
5 

10 
5 
5 
5 

10 
24 

Tree Length 
5 
5 
5 

10 
24 
24 

Tree Length 
5 
5 

24 
Tree Length 

Cycle Elements 

Element Explanat ion 

Move t o  t r e e  Time element began when the  shear head was r e t u r n e d  t o  u p r i g h t  p o s i t i o n  a f t e r  
dropping the  t r e e  top  f rom the  prev ious cyc le .  Element ended when f r o n t a l  
p lane  o f  shear crossed f r o n t a l  p lane re fe rence  p o i n t  o f  t r e e  t o  be sheared. 

P o s i t i o n  and shear Element began when t r e e  f i r s t  entered shear. Th is  element ended w i t h  i n i t i a l  
movement o f  the  t r a c k s  a f t e r  sever ing  the  t r e e  f rom the  stump. 

Move t o  process area I n i t i a l  movement o f  t r a c k s  a f t e r  shear ing was t h e  beginning o f  t h i s  element. The 
end was s i g n i f i e d  by  cessat ion o f  t r a c k s  a t  t h e  p o i n t  o f  processing. 

Limb and buck Time element began w i t h  cessa t ion  o f  the  machine t r a c k  movement a t  process area. 
T h i s  element inc luded  lower ing o f  stem, movement f o r  p i l e  l o c a t i o n ,  l i m b i n g  and 
bucking. The element a l s o  inc luded  r e l e a s i n g  t h e  t r e e  top  and concluded a f t e r  
t h e  empty shear head was re tu rned  t o  u p r i g h t  p o s i t i o n .  

A f t e r  t h e  c o r r i d o r s  were f lagged,  a l l  leave 
t r e e s  i n  t h e  b lock were marked. S e l e c t i o n  o f  
r e s i d u a l  t r e e s  was based on a combinat ion o f  
s i ze ,  q u a l i t y  and spacing f a c t o r s .  A t r e e  t a l l y  
was made t o  determine t h e  i n i t i a l  s t o c k i n g  and 
r e s i d u a l  t r e e s  f o r  each b lock .  I n  the  pure 
s e l e c t  t e s t  b locks (no c o r r i d o r s ) ,  the  t r e e s  t o  
be c u t  were tagged w i t h  numbers and the  X, Y 
coord ina tes  were measured and recorded along w i t h  
diameter a t  b reas t  he igh t  fdbh) .  For t h e  b locks  
w i t h  c o r r i d o r s ,  t h e  t r e e s  i n  t h e  s t r i p  between 
two c o r r i d o r s  and i n  the  c o r r i d o r s  were numbered. 
Dis tance f rom t h e  center  o f  t h e  l e f t  c o r r i d o r  was 
measured and recorded f o r  each t ree .  Elements of 
t h e  harves t ing  c y c l e  were t imed while harves t ing  
t h e  b locks,  Approx imate ly  20-30 cyc les  were 
t imed per b lock (See c y c l e  element d e s c r i p t i o n ) .  

RESULTS 

Levels  of t r e e  removals per b lock were 
c o n t r o l l e d  t o  determine t h e  e f f e c t  on produc- 
t i o n  and stand impact. Before t h i n n i n g  the  
p l a n t a t i o n  had an average o f  649 t r e e s  per acre 
(Table 1). For a l l  t h e  t e s t s ,  an average of 356 
t r e e s  per acre were removed w i t h  a range o f  
173-672 t r e e s  per acre. The harvested t r e e s  had 
an average dbh o f  5.3 i n ,  an average t o t a l  h e i g h t  
o f  48.7 ft, and an average crown o f  14.0 ft. The 
average merchantable volume per stem was 3.1 cu. 
ft. Tops were c u t  a t  a  merchantable l i m i t  of "3 
inches", o u t s i d e  bark diameter.  

Data used i n  the  ana lys is  was the  p r o d u c t i v e  
t ime  measured d u r i n g  harves t ing  o f  t e s t  b locks.  
A s u m a r y  o f  the  c y c l e  data i s  shown i n  Table 2. 
Regresssion techniques were used t o  develop 
p r e d i c t i o n  equat ions f o r  each c y c l e  element. 



Table 1--Stand and Stem C h a r a c t e r i s t i c s .  
Type o f  
B locks 
(No. of Trees per Acre 

Blocks)  Tot a1 Removed Residual 

Harvested Trees 
Merch. Merch, 
He igh t  Crown Vol. 

f t f t - P 

cu, f t .  
dbh 

i n  
P 

5.3 
1.2 
2.8 
9.8 
4.8 
1.1 
3.0 
9.0 
5.4 
1.2 

2.8 

A 1 1  Me an 
(21) S t d  dev 

N i  n  
Max 

S e l e c t  Mean 
(4) S t d d e v  

N i  n  
lvl ax 

C o r r i d o r  Mean 
(17)  S td  dev 

Min 

Table 2--Time Study 
Type Block 
No. 

Time Per Tree (Minutes)  

Travel  
t o  Tree 

Travel  Del imb 
Shear t o  P i l e  & Buck - P 

T o t a l  
T rave l  

T o t a l  
Cyc 1 e 

21 Mean 
(409) S t d  dev 

Range 
S e l e c t  

4  Mean 
(63 )  S td  dev 

Range 
C o r r i d o r  

17 Mean 
(346)  S t d d e v  

Range 
Length 5 '  
11 Me an 

(133)  S td  dev 
Range 

Length 1 0 '  
3  Me an 

(80 )  S td  dev 
Range 

Length 24 '  
4  Me an 

(125)  S t d  dev 
Range 

Tree-Length 
3 Me an 

(71 )  S t d  dev 
Range 

3 0 '  Spacing 
6 Me an 

(96 )  S td  dev 
Range 

5 0 '  Spacing 
7 Me an 

( 149) S td  dev 
Range 

100'Spacing 
4 Me an 

(101 1 S t d  dev 
Range 



Analyses f o r  p r e d i c t i o n  equat ions were 
completed on a  per t r e e  bas is .  The p o s i t i o n  and 
shear element o f  t h e  p r o d u c t i o n  c y c l e  was ana- 
l y z e d  f i r s t  because o f  t h e  l i m i t e d  mechanics 
i n v o l v e d .  The o n l y  s i g n i f i c a n t  v a r i a b l e  found 
f o r  t h i s  element was dbh (Tab le  3 ) .  No t r e e s  
1  a rger  than  shear c a p a c i t y  were encountered. 
Other  v a r i a b l e s  t e s t e d  d i d  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  t h i s  element. Because t h i s  s t u d y  was 
completed i n  one s tand  t h a t  had l i t t l e  v a r i a t i o n  
i n  b rush  and s fope c o n d i t i o n s ,  these  v a r i a b l e s  
were n o t  t e s t e d  i n  t h e  a n a l y s i s .  

The second element modeled was de l imb ing  
and bucking. Var iab les  t h a t  desc r ibed  t h e  t r e e  
c h a r a c t e r i s t i c s  and o p e r a t i n g  procedure were 
evaluated.  The most s i g n i f i c a n t  v a r i a b l e s  were 
t h o s e  o f  merchantable h e i g h t  o f  t h e  t r e e  and the  
i n t e r a c t i o n  o f  h e i g h t  w i t h  number o f  bucks o r  
cu ts .  The d i v i s i o n  o f  merchantable h e i g h t  b y  
p roduc t  l e n g t h  was used t o  es t ima te  the  number 
o f  bucks. 

The t r a v e l  t o  t h e  t r e e  and t r a v e l  t o  t h e  
process area were combined f o r  t o t a l  t r a v e l  t i m e  
p e r  t r e e .  There was a  s i g n i f i c a n t  d i f f e r e n c e  
between s e l e c t  and c o r r i d o r  t h i n n i n g  so t r a v e l  
t imes  per t r e e  were analyzed separa te ly .  I n  t h e  
p r e d i c t i o n  equat ion f o r  t o t a l  t r a v e l  t ime  per 
t r e e  f o r  t h i n n i n g  stands w i t h  c o r r i d o r s ,  t h e  
l o g i c a l  f a c t o r s  were spac ing between c o r r i d o r s ,  
spac ing between t r e e s  t o  be c u t ,  t r e e  s i ze ,  and 
p roduc t  l eng th .  Trees removed per ac re  proved 
t o  be t h e  most s i g n i f i c a n t  v a r i a b l e  f o r  e s t i -  
m a t i n g  t r a v e l  t ime. Other v a r i a b l e s  i n  t h e  model 
were t h e  i n t e r a c t i o n  terms o f  p roduc t  l e n g t h  and 
spac ing between c o r r i d o r s  (Tab le  3 ) .  The 
v a r i a b l e  p roduc t  l e n g t h  r e f l e c t s  t h a t  longwood 
and t r e e - l e n g t h  m a t e r i a l  was c a r r i e d  ou t  o f  t h e  
s tand  t o  t h e  c o r r i d o r .  The shortwood was p i l e d  
a long  t h e  edge o f  t h e  access c o r r i d o r .  

T o t a l  c y c l e  t ime  per  t r e e  can be es t ima ted  
b y  combining t h e  elemental r e g r e s s i o n  equat ions 
f o r  t h e  c o r r i d o r  t h i n n i n g .  For s e l e c t  t h i n n i n g  
t h e  mean t r a v e l  t ime  i s  used. I n  s e l e c t  
t h i n n i n g  ( f i g .  2 )  t h e  t r e e s  must be processed 
i n t o  shortwood t o  p reven t  damage t o  t h e  r e s i d u a l  
t r e e s  d u r i n g  removal o f  t h e  wood f rom t h e  
stand, F i g u r e  3 presents  t h e  p r o d u c t i o n  curves 
f o r  t h i n n i n g  w i t h  access c o r r i d o r s  spaced a t  30 

ft i n t e r v a l s .  A r e p r e s e n t a t i v e  range o f  dbh, 
merchantabf e  he igh t ,  and removed t r e e s  per ac re  
were used t o  develop t h e  curves. Only two p ro -  
duc t  lengths,  5 f t  shortwood and t r e e - l e n g t h ,  
were used f o r  these graphs. F i g u r e  4 p resen ts  
t h e  p roduc t ion  curves f o r  100 f t  spacing i n t e r -  
v a l s  f o r  the  same v a r i a b l e s .  

Using the  p r e d i c t i o n  equat ions fo r  elements 
o f  t h e  c y c l e  and p r o d u c t i o n  t a b l e s ,  a: t e r n a t i v e s  
can be compared f o r  p roduc t ion .  Table 4 shows 
t h e  est imated p roduc t ion  a f  wood f o r  t r e e s  t h a t  
average 5 inches i n  dbh and 30 F t  i n  merchant- 
ab le  he igh t ,  

On a  trees-per-productive-machine-hour 
(pmh) bas is ,  t h e  h i g h e s t  p r o d u c t i v i t y  (84 t r e e s  
per  pmhf was es t ima ted  t o  be f o r  t h e  longwood 
products  (24 f t  and t r e e - l e n g t h )  a t  the  
c l o s e r  c o r r i d o r  spacing. The lowest  produc- 
t i v i t y  (70 t r e e s  per pmh) was t r e e - l e n g t h  pro-  
d u c t i o n  on 100 f t  c o r r i d o r  spacings. The l e a s t  
p r o d u c t i v e  a l t e r n a t i v e  was t h e  s e l e c t  t h i n n i n g  
and 5 f t  wood. 

The p roduc t  l e n g t h  determines the  merchan- 
t a b l e  volume per  stem, which a f f e c t s  p r o d u c t i o n  
on a  volume bas is .  For 5 i n c h  dbh t rees ,  t h e  
h i g h e s t  p roduc t ion  a l t e r n a t i v e  i s  t r e e - l e n g t h  a t  
30 ft spacing. The p roduc t ion  was 229.7 cu. f t. 
per  p r o d u c t i v e  machine hour.  The 2 4 - f t  o p t i o n  
had t h e  lowest  p roduc t ion  (169.1 cu. f t .  per  pmh! 
because o f  t h e  wood waste when o n l y  one s t i c k  
cou ld  be c u t  from a  t r e e .  These r e s u l t s  a re  
comparable w i t h  those pub l i shed  b y  Arv idsson and 
Spahr (1980). However, these  p roduc t ion  e s t i  - 
mates f o r  each a l t e r n a t i v e  a re  o n l y  f o r  t h e  
Makeri  ha rves te r  and subsequent opera t ions  c o u l d  
p o s s i b l y  be a f f e c t e d  b y  t h e  a p p l i c a t i o n  o f  t h i s  
machine. As an example, t h e  p i l i n g  o f  t h e  
longwood and t r e e - l e n g t h  m a t e r i a l  i n t o  t h e  
c o r r i d o r  c o u l d  reduce t h e  ya rd ing  o r  fo rward ing  
t imes. 

From t h e  da ta  c o l l e c t e d  b e f o r e  and a f t e r  
t h i n n i n g ,  a  comparison was made (Table 5 )  b e t -  
ween average s tand diameter changes. The 
heav ie r  removal l e v e l s  o f  60% o r  more o f  t h e  
t r e e s  produced the  h i g h e s t  changes i n  average 
dbh, us ing  narrow access c o r r i d o r s  o f  10 ft, 
a v o i d i n g  t h e  bes t  q u a l i t y  t rees ,  can r e s u l t  i n  a  
s tand  t h a t  i s  comparable w i t h  t h e  s e l e c t  t h i n n i n g  
method. 

Table 3. P r e d i c t i o n  equat ions f o r  c y c l e  elements. 

P o s i t i o n  and Shear Time = 0.40128 - 0.13273 x DBH + 0.01281 x (DBW x BBH) R Sqr. = 0.13 
Del imb and Buck Time = - 0.18659 + 0.017689 x Height  + 0.00088 x (Height  x ( H e i g h t l t e n g t h ) )  R Sqr, = 0.52 
T r a v e l  Time ( c o r r i d o r s  o n l y )  = 0.41893 - 0.00052 x Removed Trees + 0.00546 x (Length X Spacing)/100 

R Sqr. = 0.24 
Where: Time = Minutes per  t r e e .  

DBH = Diameter a t  b r e a s t  h e i g h t  i n  inches. 
He igh t  = Merchantable h e i g h t  i n  fee t ,  

Removed Trees = Merchantable t r e e s  per acre. 
Length = Product  l e n g t h  i n  f e e t ,  (Equals merchantable 

h e i g h t  i f  t r e e - l e n g t h )  
Spacing = Dis tance between access c o r r i d o r s  cen te rs  

i n  f e e t .  



Table 4--Comparison o f  p r o d u c t i o n  f o r  a l t e r n a t i v e s .  

DBH = 5 i n ,  Merchantable Height  = 30 ft, Merchantable TreesfAcre removed = 300, 

Cu. F t .  pe r  PMH* Type o f  Th in  C o r r i d o r  Spacing Product  Length Trees per PMW 

S e l e c t  
S e l e c t  
C o r r i d o r - S e l e c t  

If 11 

5 f t  
10 f t  
5 f t  

10 f t  
24 f t  

Tree-Length 
5 f t  

10 f t  
24 ft 

Tree-Length 

*Merchantable t o p  b o l e  d iameter  o f  3 inches. 

30' H e ~ g h t  
10' Product Length 

30' Height, 500  treesloere 
5' Product Length 
30' Height, 5 0 0  trteslocre 
Tree Length 

& 70 * 
30%e1gh1,200 irees/acre 

2 
5' Product Length 

0 30' Height, 200 tvees/ocre 

0 6 5  
Tree Length 

40' H e m  ,500 trees /acre 
Tree Length 

40' Herght , 5 0 0  trees /acre 
5' Product Lenqth 
40' tiezgtrl , 2 0 0  trees tocre 
Tree Length 

ct Length 

1 40' Hecghf 2 0 0  tiees/ocre 
40 + ----.7 

5' Product Length 

2 3 4 5 6 7 8 9  
DBW IN INCHES 

b 
40 

DBH IN INCHES 

F i g u r e  2- -Select  Th inn ing Produc t ion  F i g u r e  4 - -Cor r ido r -Se lec t  Th inn ing  Product ion-  I 
100 F t ,  C o r r i d o r  Spacing I 

3 0 '  He~ght, 500 trees/ocre 
Tree Length 

STAND AND SITE IMPACT 
4 

Another major o b j e c t i v e  o f  t h e  s t u d y  was t o  
determine t h e  presence and magnitude o f  s tand  
s i t e  impacts on the  r e s i d u a l  stand. S o i l  c o r e  
samples were taken a t  2-and 4 - inch  depths i n  
und is tu rbed  and d i s t u r b e d  areas i n  the  c o r r i d o r  
and stand, A11 bole damage caused b y  t h e  
f e l l i n g  machine was recorded by s i z e  and 
s e v e r i t y .  

30' He~ght , 5 0 0  treesfacre 
5' Product Lenqth 

/ 
eight, 200 trets/ocre 

30' He~qht, 200 treesiosrc 
5' Product ienqth 

The mo is tu re  con ten t  of t h e  s o i l  averaged 
20-4  % ( d r y  weight  b a s i s ) .  A t e s t  o f  means of 
t h e  s o i l  bu lk  d e n s i t y  o f  the  d i s t u r b e d  areas and 
t h e  und is tu rbed  i s  shown i n  Table 6. For  b o t h  
depths, t h e r e  was a s i g n i f i c a n t  i nc rease  i n  b u l k  
d e n s i t y  i n  t h e  d i s t u r b e d  s i t e s ,  A t  2 inches 
deep, t h e  inc rease  was 15 % and 11 % a t  4 inches.  
S o i l  compaction was l e s s  i n  t h e  s tand than  i n  
t h e  c o r r i d o r  and seemed t o  i nc rease  w i t h  p roduc t  
l e n g t h  and decrease w i t h  c o r r i d o r  spacing. 

\ 40' Herght, 200 frero/ocre 
5' Product Length 

3 4 5 6 7 8 9  

DBH IN INCHES 

F i g u r e  3 - -Cor r ido r -Se lec t  Th inn ing  Product ion-  
30 F t .  C o r r i d o r  Spacing 



Table 5.--Diameter changes i n  b locks  b y  method, spacing and removal l e v e l .  

Average DBH per Block ( inches)  
Blocks - No. Before Removed Residual Change 

A1 1  2 1 
S e l e c t  ( A l l )  5  
Met hod 

(50% Level  3  
>60% Level  2 

C o r r i d o r  (A1 1  ) 16 
Met hod 

(50% Level  4  
>50% < 60% 7  
>60% 5 

30 '  Spacing 6  
50 '  Spacing 7 

100' Spacing 3  

A l l  damage, regard less  o f  s i ze ,  was recorded 
(Table 7 ) .  For a l l  t e s t  b locks,  t h e  number of 
damaged t r e e s  per acre was 84.4 o r  32%. Of 
t hese  t rees ,  47% were along the  c o r r i d o r  and 76% 
had o n l y  t h e  bark damaged. The average damage 
area was 40 sq. i n .  per t r e e .  Inc idence  of 
damage appeared t o  inc rease  w i t h  t h e  number o f  
r e s i d u a l  t r e e s  per acre. Product l e n g t h  was 
thought  t o  e f f e c t  t h e  number o f  r e s i d u a l  t r e e  
damaged, b u t  t h e  ana lys is  showed no s i g n i f i c a n t  
d i f f e r e n c e  among the  p roduc t  l e n g t h  groups, A  
h i g h e r  occurance o f  damage occured on the  30 ft. 
c o r r i d o r  spacing b locks.  

CONCLUSIONS 

Removal l e v e l s  o f  60% o r  more o f  t r e e s  per 
acre produced the  l a r g e s t  change i n  average dbh, 
The r e s i d u a l  s tand o f  a  t r a c t  harvested w i t h  
narrow c o r r i d o r s  a t  wide spacings ( g r e a t e r  than 
50 f e e t )  i s  comparable t o  one t h a t  i s  s e l e c t  t h i n -  
ned w i t h o u t  c o r r i d o r s .  
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a b l e  volume per  t r e e ,  



Table 6. - -Soi l  Compact ion--Density 

Bulk D e n s i t y  (gms/cc) 

Und is tu rbed  No. o f  D is tu rbed  
Tes t  Class Me an St .  Dev. Obs. Mean St .  Dev. No. - 

Depth 2 I" 1.15 .18 13 1.32 . 12 13 * 
4" 1.29 .10 15 1.43 .12 15 * 

L o c a t i o n  C o r r i d o r  1.22 .12 10 1.44 .14 10 * 
Stand 1.22 -18 18 1.35 .12 18 * 

Product  5 ' Wood 1.23 -14 2 0 1.36 -14 20 * 
24 'Wood 1.30 .24 4 1.44 .10 4 
Tree-Length 1.11 . l 4  4 1.43 .13 4 * 

Spacing 30 ' 1.25 -05 6 1.44 .11 6 * 
50 ' 1.25 .21 12 1.35 -17 12 
100 ' 1.12 .11 6 1.28 .12 6 * 

Removal 250 1.21 .18 9 1.30 .17 9 
Tree/acre 300 1.29 .18 6 1.41 .10 6 

400 1.12 '11 6 1.38 .12 6 * 
450 1-28 .10 7 1.45 .08 7 * 

Depth & 2"Corr i d o r  1.11 .09 4 1.34 .13 4 * 
Loca t ion  2"Stand 1.16 . 21 9 1.32 .13 9 

4"Cor r ido r  1.30 .07 6 1.51 .10 6 * 
4"Stand 1.28 .12 9 1.38 .11 9 

* S i g n i f i c a n t  b u l k  d e n s i t y  i nc rease  a t  95 % l e v e l .  

Table 7.--Residual Stand Damage 

Test  Class Mean St .  Dev. No. - 

Res i d u a l  100 55.62 31.46 
Trees/Acre 200 81.43 50.87 

300 81.43 50.87 

Product  5 ' Wood 75.25 65.18 12 
Length 10 ' Wood 63.67 95.11 3 

24 ' Wood 104.40 47.54 5 
Tree-Length 108.33 107.95 3 

C o r r i d o r  Sel-ect 70.00 70.58 
Spacing 30 ' 120.83 76.97 

50 ' 80.22 25.05 
100 " 53.50 27.69 

* S i g n i f i c a n t  d i f f e r e n c e  a t  95 % l e v e l .  



ANALYSIS OF THE TAYLOR SKYLINER 

I I I N  WESTERN NORTH C A R O L I N A -  

2 1  Jerry  t .  Koger and James R.  Sherar- 

Abstract .--Production r a t e s ,  production cos ts ,  and 
operating cha rac te r i s t i c s  of the Taylor Skyliner were deter-  
mined for  an 18 acre clearcut in western North Carolina, An 
average of 2.6 stems, containing 73.9 cubic f e e t ,  were 
harvested per cycle, Average cycle time, including cycle 
delays but excluding road and landing changes, was 10.8 
minutes, Estimated yarding cost  for  the yarder and four-man 
crew was $48.24 per cun i t ,  

Conventional ground skidding systems in 
western North Carolina consis t  of a r t i cu la t ed ,  
f cu r  wheel drive,  rubber t i r e d  skidders and 
crawler t r ac to r s .  A few loggers use small, 
truck munted,  single-drum cable yarders. These 
systems require a dense network of haul or skid 
roads, Cable systems are needed tha t  wi l l :  (1) 
provide a posit ive l i f t  t o  the logs being 
skidded, ( 2 )  have haulback capab i l i t i e s ,  
( 3 )  have su f f i c i en t  span to  reduce the density 
of roads and ( 4 )  operate profi tably.  The Taylor 
skyliner?'/, a medium-sized cable yarder, was 
studied during operation on a s i t e  in the Pisgah 
National Forest in western North Carolina. 
Production ra tes  and costs were calculated for  
the  yarder. 

The 18-acre harvested t r a c t ,  located on the 
Pisgah National Forest ,  i s  about 30 miles north- 
west of Asheville, North Carolina. The steep 

Lipaper presented a t  Southern Si iv i -  
c ~ l t u r d l  Research Conference, Atlanta, 
Georgia, November 6-7, 1982. 

a ~ c ~ e r  i s  a Resllarch Engineer a t  ",he 

Forestry Sciences Laboratory, maintained by 
t he  Southern Forest Experiment Sta t ion,  
USBA Forest Service, a t  Auburn, Alabama. 
Sherar is a Logging Engineer with the U.S. 
Forest  Service i n  Asheville, North Carolina. 

3 l ihe  use o f  t rade ,  f irm, or corporate 
namesis  for  the convenience of the reader, 
Such use does not cons t i tu t e  an o f f i c i a l  eva- 
l uation, conclusion, recornendadion, endor- 
sement, or approval sf any product or service  to  
the  exclusion of others which may be sui table .  

s ide  slopes,  deep hollows, and shall  ow s o i l s  
with rock outcrops made harvesting d i f f i c u l t ,  
Interference from small t rees  l e f t  standing 
increased hooking and road changing time. 

The s i lv i cu l tu ra l  prescription for the pre- 
domi natel y hardwood stand was to clearcut.  
Approximately 55 percent of the t rees  were oak, 
33 percent yellow poplar, 3 percent maple, and 2 
percent hickory. The remaining 7 percent 
consisted of 11 other species.  There were 807 
saw-timber t r ees  having a to t a l  volume of about 
42,334 cubic f e e t ,  including topwood. In addi- 
t ion ,  there  were 1,360 smaller t rees  with a 
to t a l  volume of 14,824 cubic f e e t .  

OPERATION 

The Taylor Skyliner was operated as a 
running skyline. The boundary of the harvested 
area i s  shown on the topographic map section in 
Figure 1, The two landings and 26 cable road 
(skyl ine)  locations are shown in Figure 2. The 
harvested stems were yarded uphill t o  the lower 
landing and both uphill and downhill to the upper 
landing. Equipment speci f ica t ions  for the yarder 
are given in the Appendix (Table 1). 

A four man crew was used with the Taylor 
Skyliner. The crew consisted of two choker- 
s e t t e r s ,  one landing chaser, and one yarder 
operator. Although the crew was experienced 
with conventional ground logging systems, they 
had worked with the Taylor Skyliner For only one 
month a t  the  t i m e  of the study. 



.E ROAD 

F i g u r e  1.--Harvested area boundary 

MEASUREMENT OF VARIABLES 

Time 

The snapback method o f  t i m i n g  was used t o  
measure t h e  elemental phase o f  each cyc le .  The 
f o l l o w i n g  c y c l e  elements were measured: 1 )  l i f t  
c a r r i a g e ,  2) outhaul ,  3 )  lower ca r r iage ,  
4 )  l a t e r a l  outhaul  and hook, 5 )  l a t e r a l  i nhau l ,  
6 )  i nhau l ,  7 )  lower stems, 8) unhook, and 
9 )  c y c l e  delays, 

Stem Measurement 

The l e n g t h  and diameter o f  a1 1  stems yarded 
were measured. Diameter measurements were made 
a t  each end and a t  severa l  i n te rmed ia te  p o i n t s .  
Cubic f e e t  (Smal ian 's  fo rmu la )  and weight were 
c a l c u l a t e d  f rom these measurements. 

D is tance  

The d is tance  f rom t h e  land ing  t o  the  
t a i l h o l d  used on each cab le  road ( s k y l i n e )  
c o r r i d o r  dur ing  t h e  s t u d y  was determined us ing  a  
hand-held compass, 200- foot  tape, and c l i  no- 
such as rock outcrops, t r e e  snags, and hol lows 
were noted, I n  add i t i on ,  co lo red  f l a g g i n g  was 
t i e d  a t  100- foot  i n t e r v a l s .  The t e r r a i n  
f e a t u r e s  and co lo red  f l a g g i n g  were used f o r  ocu- 
l a r  est imates o f  the  h o r i z o n t a l  d i s tance  f rom 
t h e  c a r r i a g e  t o  t h e  l a n d i n g  ( X ,  f i g .  3 ) .  
Slope yard ing  d is tance  ( S Y D )  was c a l c u l a t e d  by: 

2 / ~ 2  + ( D  + ~ 1 1 2  . The r e l a t i o n s h i p  o f  these 
v a r i a b l e s  t o  t h e  cab le  and ground geometry are 
shown i n  F i g u r e  3. 

 TAILH HOLD 

F i g u r e  2.--Landing and cab le  road l o c a t i o n s  

F i g u r e  3.--Running s k y l i n e  cab le  c o n f i g u r a t i o n  

The l a t e r a l  ya rd ing  d i s t a n c e  (LYD) was n o t  
measured because d i r e c t  f i e l d  measurement would 
have r e q u i r e d  two a d d i t i o n a l  research personnel 
and would have i n t e r f e r e d  w i t h  t h e  ya rd ing  
opera t ion .  I n d i r e c t  measurements were n o t  
f e a s i b l e  due t o  underbrush and steep s i d e  s l o -  
pes. As a  r e s u l t ,  t h e  i n f l u e n c e  t h a t  l a t e r a l  
ya rd ing  d i s t a n c e  had on c y c l e  t imes cou ld  n o t  be 
determined. 



DATA ANALYS I S  

Produc t ion  Rates 

The average c y c l e  t ime  f o r  a  f o u r  man crew 
was 10.80 minutes (Table I ) ,  This does n o t  
i n c l u d e  t h e  t ime r e q u i r e d  t o  change cab le  roads 
(53.40 minutes)  nor t h e  t ime t o  move landings 
(es t imated  a t  300 minutes b y  t h e  logger ) .  The 
average volume yarded per c y c l e  was 73.86 cub ic  
f e e t  ( i n s i d e  bark ) .  The number o f  stems yarded 
p e r  c y c l e  ranged f rom 1 t o  5 w i t h  an average o f  
2.6, Assuming a un i fo rm stand d i s t r i b u t i o n ,  
approx imate ly  0.7 acre (2,223 cub ic  f e e t )  was 
yarded per cable road and 9 acres (28,579 cub ic  
f e e t )  were yarded per landing.  The mean, 
s tandard dev ia t ion ,  range, and number o f  obser- 
v a t i o n s  a re  g iven i n  Table I. The percen t  
d i s t r i b u t i o n  o f  t h e  c y c l e  elements i s  shown i n  
F i g u r e  4. 

LATERAL OUTHAUL AND 

29 2% 

LIFT CARRIAGE 

INHAU 

LOWER CARRIAGE 

LATERAL INHAU WER STEMS AT LANDING 

F i g u r e  4.--Percent d i s t r i b u t i o n  o f  c y c l e  
elements. 

Regress i o n  equations developed f o r  uphi 11 
y a r d i n g  are shown i n  Table 11. Slope yard ing  
d i s t a n c e  and cubic  f e e t  per t u r n  were s i g n i f i -  
can t  (a lpha  = 0.05) i n  p r e d i c t i n g  c y c l e  t ime. 
The number o f  stems yarded per cyc le,  stem 
leng th ,  o r  stem diameters were n o t  s i g n i f i c a n t .  
The R-squres t h a t  were obta ined are s l i g h t l y  
lower  than those r e p o r t e d  i n  o ther  s tud ies  such 
as Dyks t ra  (1975). Poss ib le  reasons f o r  the  
e x p l a n a t i o n  o f  t h e  v a r i a t i o n  i n  c y c l e  elements 
i n  t h i s  s tudy  inc lude:  ( 1 )  crew inexper ience 

w i t h  cable systems ( 2 )  a  p ro to type  yarder, (3 )  
smal l  s tanding t r e e s  which i n t e r f e r e d  w i t h  
outhaul  and inhau l ,  and (4 )  ocu la r  est imates o f  
y a r d i n g  d is tances.  

Product ion Costs 

I n  order  t o  determine p roduc t ion  costs ,  
severa l  assumptions were made concerning equip- 
ment e f f i c i e n c y ,  equipment l i f e ,  and i n t e r e s t  
r a t e s .  As used i n  t h i s  study, equipment e f f i -  
c i e n c y  i s  the  p roduc t  o f  yarder  a v a i l a b i l i t y  
and yarder  u t i l i z a t i o n .  I n s u f f i c i e n t  da ta  were 
c o l l e c t e d  i n  t h i s  s tudy  t o  determine equipment 
e f f i c i e n c y .  We1 1 burn (1976), Hensel and Johnson 
(1977), and McMorl and and Wong (1982) have 
r e p o r t e d  va l  ues f o r  equipment e f f i c i e n c y  rang ing  
f rom 0.21 t o  0.84. Considering t h a t  the  yarder  
observed i n  t h i s  s tudy  was a p ro to type  and t h a t  
t h e  crew was n o t  experienced i n  cable logging,  
an equipment e f f i c i e n c y  o f  0.60 was assumed. 
A d d i t i o n a l  assumptions are l i s t e d  i n  Table 2 o f  
t h e  Appendix. The method used t o  compute f i x e d  
and v a r i a b l e  cos ts  i s  s i m i l a r  t o  those descr ibed 
b y  M i f f l i n  and Lysons (1978) and Miya ta  (1980). 

The est imated c o s t  f o r  t h e  Taylor  
Sky1 i n e r  and a four-man crew was $98.80 per 
scheduled hour. T o t a l  est imated yard ing  cos t  
f o r  the  18 ac re  t r a c t  was $27,573.10, which 
i s  about $48.24 per c u n i t  (100 cubic  f e e t ) .  
Th is  i s  an equ iva len t  c o s t  o f  $14.84 per ton, 
$111.15 per thousand board fee t  (Doyle) ,  
$83.32 per thousand board f e e t  (1 /4"  I n t .  ) , o r  
$57.22 per cord. The above equ iva len t  cos ts  
a r e  based on the  assumption t h a t  1 cubic  f o o t  
( i n s i d e  bark )  i s  equal t o  65 pounds, 4.34 
board f e e t  (Doyle),  5.79 board f e e t  ( l f 4 "  
I n t . ) ,  o r  0.008431 cords. This  does no t  
i n c l u d e  cos ts  associated w i t h  moving-in and 
s e t t i n g  up a t  t h e  f i r s t  landing,  t h e  p a r t i a l  
use o f  suppor t  equipment, o r  a  margin f o r  pro-  
f i t  and r i s k  on the  investment. The equat ion 
used t o  c a l c u l a t e  t r a c t  harvest  t ime  i s  
l i s t e d  i n  the  Appendix. 

DISCUSSION 

Steep slopes, shal low s o i l s ,  and rock 
outcrops made harves t ing  d i f f i c u l t .  S e t t i n g  
chokers was t ime consuming, and f i n d i n g  f i r m l y  
anchored t a i l h o l d  t rees  ( o r  stumps) was a 
problem, The labor  i n t e n s i v e  a c t i v i t i e s  of 
p u l l i n g  t h e  s k i d d i n g  l i n e  out,  hooking, and 
unhooking accounted f o r  34.4 percent  o f  t h e  
c y c l e  t ime.  Only  20 percent  o f  t h e  v a r i a t i o n  i n  
c y c l e  t imes cou ld  be expla ined by  ya rd ing  
d is tance  and volume per cyc le .  Product ion might  
have been increased b y  c o o r d i n a t i n g  f e l l i n g  w i t h  
yard ing,  p r e s e t t i n g  chokers, and inc reas ing  
l a t e r a l  ya rd ing  d is tances.  



Table 1 . - - C h a r a c t e r i s t i c s  o f  s e l e c t e d  v a r i a b l e s  f o r  uphi  11 ya rd ing  

V a r i a b l e  
D e s c r i p t i o n  

Standard 
Mean Dev ia t ion  

Number o f  
Range Observat ions 

Cyc le  Elements (min)  
1, l i f t  c a r r i a g e  a t  l a n d i n g  0.23 
2, ou thau l  (150-650 f t f  1.08 
3, lower  c a r r i a g e  i n  woods 0.57 
4, hook (2 men) 3.15 
5, l a t e r a l  i n h a u l  (0-100 f t )  1.15 
6, i n h a u l  (150-650 f t )  1.38 
7. lower  l o g s  a t  l a n d i n g  0.70 
8. unhook ( 1  man) 0.56 
9. d e l a y  1.98 

10. T o t a l  Cycle 10.80 
Cyc le  Volumes and Stem C h a r a c t e r i s t i c s  
I. cub ic  f t  ( i n s i d e  b a r k )  73.86 
2, number stems 2.60 
3, stem l e n g t h  f f t )  45.99 
4. l a r g e  end diam. ( i n )  12.33 
5, smal l  end diam ( i n )  6.47 
6. d. b.h, ( i n )  9.98 

Cyc le  Yarding Data 
1, s lope  ya rd ing  

d i s t a n c e  ( f t )  520 
2, chord s lope  (%) *  -49 

Non-Cycl e  Delays (mi n  ) 
1. change cab le  roads 53.40 
2 ,  change land ings  

( l o g g e r ' s  e s t i m a t e )  300 

Table 11. Regression equat ions developed f o r  u p h i l l  y a r d i n g  

Yard ing Phase Regression Equat ion R-SQ CV SE 

T o t a l  Cyc le  # Y=2.10 + 0.006lISYD.) + 0.0537 (FT3) 0.20 33.63 2.19 

Y = t ime, i n  minutes, f o r  t h e  g i ven  c y c l e  phase 
SYD = s l o p e  ya rd ing  d is tance ,  i n  f e e t  
Fa3 = cub ic  f e e t  ( i n s i d e  bark )  per c y c l e  

* based on 62 observa t ions  
+- based on 64 observa t ions  
# based on 32 observa t ions  f o r  which complete d a t a  was ob ta ined  on each element o f  t h e  c y c l e  (see 

Tab le  I) 
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APPENDIX 

Table 1. Equipment d e s c r i p t i o n  o f  t h e  Tay lo r  S k y l i n e  cab le  yarder*  

I tem D e s c r i p t i o n  

Manufacturer  

Model C a r r i e r  

Engine 
T i r e s  
Tower 

Height  
Construct  i o n  
E r e c t i o n  

Yarder C a p a b i l i t i e s  

Drum C h a r a c t e r i s t i c s :  

hau l  back drum 
main & f r o n t  drums 
s t r a w  drum 
guy1 i ne drums 

Weight 
Costs 

Taylor  Machine Works, Inc.  
P. 0. Box 1150 
L o u i s v i l l e ,  M i s s i s s i p p i  39339 
Tay lo r  Model T-598 a r t i c u l a t e d ,  four-wheel d r i v e ,  
f ront -end loader  
4-71 D e t r o i t  D iese l  
18: 00x24-28PR 

54 f e e t  
i n c l i n e d ,  heavy l a t t i c e  s t e e l ,  A-frame 
h y d r a u l i c  
running,  s tanding,  s lack ing ,  o r  g r a v i t y  s k y l i n e  

L i n e  L i n e  L i n e  Drum 
Speed P u l l  S ize Capaci ty  
f t / m i n  I b s  i n  ft 

65,000 pounds 
$475,000.00 ( a c t u a l  cos ts  depends on o p t i o n s )  

*Based on in fo rmat ion  supp l ied  b y  manufacturer and f rom Hawkes (19/9) .  



Table 2. Equipment c o s t s  f o r  t he  Tay lo r  S k y l i n e  cab le  yarder  (1982 p r i c e  es t ima tes )  

I tfrm 
D e s c r i p t i o n  

Annual 
Cost 

H o u r l y  
Cost 

F i x e d  Costs: 
D e p r e c i a t i o n  

T a y l o r  Varder ($475,000-$97,599.92)/8 
C a r r i a g e  ($4,875-$975)/8 

Taxes, I n t e r e s t  & Insurance 
( 20% of Average Annual Investment)  

V a r i a b l e  Costs: 
Maintenance & Repair (50% x $47,175.01) 
F u e l  ($1.30/gal. x 5.81 g a l  . /opr.  h r . )  
O i l ,  Grease, E tc .  (20% x $9,059.23) 
T i r e  Replacement (I s e t / 7  years )  
T i r e  Repai r  (10% x $371.43) 
Wire Rope: 

Main ($0.96/ f t  x 1250 f t  x 0.50) 
Haulback ($0.96/ f t  x 2500 f t  x 0.33) 
S l a c k - p u l l i n g  ($0 .96 / f t  1250 f t  x 0.05 
S t r a w l i n e  ($0.50 x 3600 f t  x 0.50) 
Guy1 i n e s  ($1.90 x 400 f t  x 0.33) 
Chokers ($12.50/choker x 5 chokers x 20) 

Labor c o s t s  ( 4  men x $6.00/hr x 2,000 h r / y r )  $ 48,000.00 $24.00 
$197,554.69 $98.80 

Assumptions: Years L i f e  = 8, Salvage Rate = 20%, 
Scheduled Hours = 2,00O/year, Opera t ing  Hours = 1,20O/year 
Labor Rate = $6.00 per scheduled hour and inc ludes  overhead, insurance, and s o c i a l  s e c u r i t y .  

Equat ion used t o  compute t r a c t  y a r d i n g  t ime:  

where: Y = t r a c t  y a r d i n g  t i m e  
X 1  = t r a c t  volume 
X2 = average volume yarded per c y c l e  
X3 = average c y c l e  t ime  
X4 = number acres harvested per c a b l e  road  
X5 = volume per acre 
X6 = average road  change t ime  
X7 = number acres harvested per l and ing  
X8 = average l a n d i n g  change t i m e  
X9 = o p e r a t i n g  hours per  year lscheduled hours per year 

o r  machine a v a i l a b i l i t y  * machine u t i l i z a t i o n  

I n  t h i s  s t u d y  t h e  f o l l o w i n g  va lues were used: X 1  = 57158 cub ic  f e e t ,  X2 = 73.86 cub ic  f e e t ,  X3 = 10.8 
minutes,  X4 = 0.692, X5 = 3175 cub ic  f e e t ,  X6 = 53.4 minutes, X7 = 9 acres, X8 = 300 minutes, and X9 was 
assumed t o  be 0.6, Using these va lues i n  t h e  above equat ion, then: 

Y = ((57,158/73.86)10.8 + (57,158/(0.692*3,175))53.4 + ((57,158/(3,175*9))- 1)300)/0.60 
Y = (8,357.79 + 1,389.21 + 300)/0.60 
Y = 10,047/0,60 
Y = 16,745 ( o r  279.08 scheduled hours)  
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REPLACEMENT, AND MCHINE COST PROBLEMS~~ 

W, L. Hills, Jr., and Robert A, T u f t s  2 / 

ABSTRACT -- An approach t o  analyzing equipntent 
s e l ec t i on ,  replacement and machine cos t  p rob lms  i s  
explained and t h e  use of t he  r e s u l t s  d a e n s t r a t e d ,  Af te r  
t a x  annual equivalent  c o s t s  a r e  c a l cu l a t ed  using a s i x -  
s t e p  procedure, Sesngle dec is ions  involving t h e  
Be t emina t i on  of opt imal  economic l i f e ,  equipntent 
replacement and s e l ec t i on ,  and cos t  per u n i t  output  a r e  
d i scussed ,  

ZN%ROSLPUCTXBN MNUAL, EQUIVUmT COST 

The increas ing  mechanization of harves t ing  
and f o r e s t  management a c t i v i t i e s  coupled wi th  
t h e  high cos t  of most f o r e s t r y  e q u i p e n t  meane 
t h a t  f o r e s t e r s ,  i n  both procurement and land 
management, mst make csmplicated and expensive 
equ imen t  decisione,  The ana lye ie  presented 
below w i l l  help f o r e s t e r s  weigh c o s t s  and 
opera t ing  e f f i c i e n c i e s  s f  a l t e r n a t i v e  pieces of 
e q u i ~ e n t ,  The lnethodology w i l l  a s s i s t  
managers i n  c o l l e c t i n g  and comparing those  
a spec t s  of an equi~roent  dec is ion  which can be 
qua n t i f i ed ,  Since managers w i l l  have an 
accura te  es t imate  of t h e  cos t  d i f f e r ences  
between a l t e r n a t i v e  machines, they w i l l  be 
b e t t e r  ab l e  t o  judge t h e  importance of f a c t o r s  
which cannot be quan t i f i ed  such ae s a f e ty ,  
opera tor  comfort, and equipeat f l e x i b i l i t y .  

The a p h a s i s  of t h i a  paper w i l l  be on 
using t h e  f i n a n c i a l  ana ly s i s  i n f o m a t i o n  i n  
s e l e c t i o n  and replaceanent decisions.  The f i r s t  
s e c t i on  of t h e  paper w i l l  expla in  t he  ba s i c  
methodology of t h e  approach. The second 
s e c t i on  w i l l  present  an e x a p l e  e a f cu l a t i on  and 
t h i r d  w i l l  be a  d i scuss ion  of t he  uses of t h e  
r e s u l t s  of t h e  methodology, 

Paper presented a t  Southern 
S i l v i c u I t u r a l  Research Conferences Atlan ta ,  
CA,Nov, 6-'7~ 1982, Blabma Agr i cu l t u r a l  
Experiment S t a t i on  Journa l  Series, 

21 Ass i s t an t  Prof eseor ,  Fores t  Economics 
and Asa ie tan t  Professor ,  Pores t  Harvesting, 
Department of Fo re s t ry r  Blabma Agr i cu l t u r a l  
kpe r imen t  S ta t ion ,  Auburn Universi ty,  Alabma 
36849 

There are s eve ra l  methods of eva lua t ing  
e q u i p e n t  a l t e r a a t i v e e ,  Most a r e  e i t h e r  based 
on machine rages o r  oa discounted cash flow 
methods, AIL of t h e  methods genera l ly  consider  
coe&e such a s  accounting deprec ia t ion ,  c a p i t a l  
o r  investment, opera t ing ,  replacement, and 
obeoleeeence, The discounted cash flow methods 
a l s o  allow for t h e  inc lus ion  of t h e  time va lue  
of money, which i a  ao important i n  these  days 
of high i n t e r e s t  and the  e f f e c t  of 
income taxes, 

The technique t h a t  I w i l l  present  today i e  
a dipj.counted cash flow method which c a l c u l a t e s  
and compare8 Annual Equivalent Costs (AECes) 
(Smith  f  8 7 3 ) .  A more d e t a i l e d  explanat ion of 
t h i s  technique can be found ia an a r t i c l e  by 
Tufte  and Mil la  (1982), It involves t he  
ca lcufae isn  of AEGQ for every p r a c t i c a l  l i f e  
l ength  of t h e  e q u i p e n t .  For exllnaple, i f  a 
machine can be expected t o  l a s t  4 years before  
i t  nus t  be r e t i r e d ,  then four  separa te  AECes 
must be ca lcu la ted ,  one f o r  each p r a c t i c a l  l i f e  
length.  dEC% are ca lcu la ted  %or  a l l  equipment 
a l t e r n a t i v e s  and t h e  miaimusn AEC f o r  each 
a l t e r n a t i v e  i s  found, The a l t e r n a t i v e  wi th  t he  
loweet AEC i s  p re fe r red ,  

Unlike the machine t a l e  methods, t h e  AEC 
approach average@ the cast  of a machine whi le  
accounting f o r  t h e  time va lue  of money, It 
also  ~jllbows t he  dec is ion  maker t o  compare 
investments rhar have \faequal Lives (Grant and 
LresoaD 1990)  with t he  h p l i c i t  assumption t h a t  
t h e  investment could be dupl ica ted  again and 
aga in  u n t i l  the  investment l i v e s  were equal ,  



Since revenues are usually associated with 
a production system not a single piece of 
equipment, the decision criterion for this 
analysis is to find the alternative with lowest 
cost. Costs for the alternatives should be 
based on the required production rate of the 
system, not the capability of the machine, 
Therefore, the output of the system and the 
equipment being examined are assumed fixed. 

The basic equation to calculate the AECts 
is: 

where AECi = Annual Equivalent Cost of 
equipment for year i, (i=l to n) 

Ci = af ter tax net cost in year i, 
r = alternative rate of return, 
n = last year the machine is 

employed (n=l to physical 
life limit). 

1 = single payment present value 
(l-tr) factor which is simply a 

discount factor to convert 
cash flows in year i to a 
present value at the 
beginning of year 1 (i=O, and 

r (l+r) " = capital recovery factor 
which is a factor that finds 
the equivalent unif o m  
payment having the same pre- 
sent value as the actual cash 
flows. 

The most difficult part of a replacement 
analysis is estimating future costs. This 
requires accurate records and good judgement, 
For this procedure, these estimates should be 
in nominal dollars which are the dollar prices 
that are actually observed in the market place 
in the year in which they occur. Since taxes 
are levied on nominal dollars, the use of 
constant dollars (effect of inflation removed) 
would complicate the accurate calculation of 
tax impacts, 

The discussion of costs will be divided 
into three parts - capital investment costs 
(CIC) , operating expenses (OE) , and downtime, 
replacement and obsolescences costs. A more 
detail explanation of each of these is 
presented by Tufts and Mills (1982). 

The capital investment costs (cIC) are not 
as obvious as operating expenses, but are 
usually more significant, The physical 
depreciation of the machine is measured by the 
difference between the purchase price (PP) and 
its salvage value (SV) when removed from 
service. By netting the present value of the 
purchase price and the present value of the 
salvage value adjusted for tax impacts, the 
opportunity cost of capital is automatically 
incorporated in the AEC calculation. The 
actual estimation of CIC after taxes requires a 
detailed examination of purchase price* salvage 
values, accounting depreciation (D), book value 
( B v ) ~  investment credits (IC), investment 
credit recapture (ICR), gain (loss) on the sale 
of the machine (GOS), and their tax impacts, 

Operating expenses include all the 
ordinary and necessary costs incurred in 
conducting an operation (insurance, property 
taxes, fuel and lubrication, maintenance and 
repair, and labor) and may be deducted from 
taxable income. After tax operating expenses 
are equal to the before tax operating expenses 
times one minus the marginal tax rate. 

Downtime costs are indirect costs of 
machine failure as a result of stopping the 
entire production system, The direct costs of 
machine failure are incorporated in operating 
expenses. The organization and management of 
the production system determines the extent of 
downtime costs. If a small stockpile of work 
is not maintained between operations (hot 
logging) anytime a piece of equipment is 
inoperable all subsequent operations are forced 
to become idle. This would create an 
artificially high cost of downtime. The effect 
is less pronounced if there are multiple 
machines performing the same function. 
Likewise, since simultaneous equipment failures 
occur very infrequently, if there is a small 
stockpile between operations (cold logging), an 
equipment failure will not cause all subsequent 
operations to shut down. 

Replacement and obsolescence costs are 
used in the cumulative cost per hour 
replacement models (Caterpillar 1965, Conway 
1976). Replacement costs are used to estimate 
the increase in the purchase price of a new 
machine over the present machine, Obsolescence 
costs are charged to account for the future 
develoment of improved, more productive, cost 
efficient machines. In this analysis, the 
comparison of the least cost, most productive 
currently available machines adequately 
incorporates both the replacement cost and the 
obsolescence cost. 



PLE CALCUMTIONS 

The calculation of the AECts can be 
cmpleted using the following six steps and by 
examining Table I, 

Step 1 -- List the Before Tax Cash Flows 
(BTCFS) 

Dividing BTCFs into two cate- 
gories reduces the necessary 
calculations. One category 
includes those costs that occur 
regardless of whether the 
machine is retained in service 
or sold (~otal~). The second 
category includes costs which 
occur if the machine is sold 
at the end of any given year 
(~otal~). 

Step 2 -- Calculate the After Tax Cash Flows 
(ATCFS) 

ATCF = BTCF * TAF 
where TAF = Tax Adjustment 
Factor, given in Table 1. 

Step 3 -- Sum the ATCFs by categories, 
Step 4 -- Calculate the Present Value (PV) 

for each of the sumed ATCFs by 
categories, 

n 
PV = iCg Totall (i) 

PV = TotalZ (n) [&I 
Step 5 -- Sum the appropriate PVs to obtain 

Net Present Values (NPV) for each 
year of the machines useful life. 

Step 6 -- AEC(n) = NPV(~) x CRF 

CRF = r(l+r)n , the capital recovery factor. 
(l+r ) n-l 

The following example is provided to 
illustrate the procedure. The analysis is of a 
3 year old grapple skidder, operating in a well 
managed, balanced system that requires 1,650 
productive machine hours (PMII;) of operation per 
year. The logging system maintains sufficient 
stockpiles between operations to eliminate 
downtime cost, The system is owned by a 
corporation with a marginal ordinary tax rate 
of 46 percent and with a cost of capital of 12 
percent, 

Step 1 -- list BTCF's 
First, it is necessary to estimate before 

tax cash flows for the variables needed in the 
analysis. The 3-year old grapple skidder was 
purchased for $45,000 and expected values for 
availability, utilization, scheduled machine 
hours (Sm), productive machine hours, salvage 
value, accounting depreciation, and book value 
for its remaining life are shown in Table 2, 
When purchased it was set up on a double 
declining balance depreciation schedule for a 
useful life of 6 years and an investment credit 
was claimed. As the skidder ages, its total 
production decreases because of decreased 
availability, but its productive rate is 
unaffected, Due to the decrease in 
availability, the machine must be scheduled to 
work longer hours. 

The estimated annual operating expenses 
for the skidder are listed in Table 3. These 
annual expenses were developed by consulting an 
equipment manager with many years of experience 
with logging equipment, They are, however, 
general in nature and do not represent any 
particular model. 

Step 2 -- BTCF * TAF = ATCF 
The tax adjustment factors were given in 

Table f and the after tax cash flow is simply 
the product of the before tax cash flow and the 
tax adjustment factor. 

Step 3 -- Sum ATCFts 
Totall (i) and Total2 (n) for each year 

were determined. 

Step 4 -- Discount ATCF's to PVfs 
Present values were calculated by 

multiplying the after tax cash flow of Totall 
(if and Total2 (n) by the single payment 
present value factor. The present value of the 
Totall (i) was carried across to each 
appropriate colunm. 

Step 5 -- Totals = NPV 
Then the numbers in each column were 

sumed to produce a net present value. 

Step 6 -- NPV * CRF = AEC 

The net present value was multiplied by a 
capital recovery factor to calculate the AEC, 

Table 4 shows the cash flows, present 
values, and annual equivalent costs for keeping 
the skidder in service. The AEC's for 1, 2, 
and 3 years are $29,520, $24,451, and $23,990, 
respectively. Since the minimum is $23.990, 
the most economical life for the skidder would 
be 3 years, and the annual cost would be 
$23,990, 



Table 1. Suggested Eomat  f o r  calcufatiag annual equivalent cos t s ,  

BEFORE TBX TAX ADJUST- MT&B Tm PRESENT POSSIBLE LIFE 
CASH FLOW m N T  FACTOR U S E  FLOW V a U E  LElkTGmS 

Y W  ITEM ( BTCF ( TAF ) ( BTCF ( PV) ( I  t o  n) 

0 Purchase Price 
Salvage Value 

I to n Investmrr-nt credit 
Depreciation 
Operatiag Expenses 
Totall (i) 

Book Value 
Gains oa sale 
Iaveetment t ax  recapture 
Total2 (a) 
Net present value 
AEC (rt) 

(These values t o  he filled in by 
those making the calculations.) 

Table 2, Availabilitys utilization, scheduled machine hours productive 
machine hours, salvage V B % U C B ~  depreciation, and book values for the 
remaining poeeible life of the defender. 

Utilization ( 2 )  76,s 7 2 , O  67,s 

Scheduled machine hours 2,157 2,292 2,444 

Productive machine hours 1 *650 1,650 h ,650 

Salvage value ( $ 3  14,186 10,7QO 9,000 

Depreciation ($1 IhrCS3S 0 0 

Book value ($1 9 ,006 9,000 9,000 



Table 3. Estimated annual opera t ing  expenses (before  taxes)  f o r  a t h r ee  year 
o ld  grapple  skidder .  

Repair and Tota l  
Fuel  and maintenance Operating 

Year l ub r i ca t i on  ( r ebu i l d )  Labor Insurance expenses 

Table 4. Cash flows, present  values,  and annual equivalent  c o s t s  f o r  a t h r ee  year  o ld  grapple 
skidder  i f  continued i n  s e rv i ce  f o r  3 years .  

YEAR  ITEM^/ BTCF TAF ATCF PV 1 YEAR 2YEARS 3YEARS 
($1 ($1 ($1 ( $1 ($1 ($1 

1 D 4,335 0.46 1,994 
OE -37,319 1 .O-0.46 
~ o t a l l ( 1 )  -16,213 -16 ,213 - 
I f  sold:  

BV 9,000 1.0 9,000 
GOS 5,100 1.0-0 046 
ICR - 1,500 1.0 
TotalZ( 1 )  - 9,155 --%dxi. 
E: 3) 

I f  sold:  
BV 9,000 1.0 9,000 
GOS 1,700 1 .O-0.46 91 8 
ICR 0 1 .O 
TotalZ(2) 
Net W 

7,907 

D 
OE 
Tota l1  (3)  
I f  sold:  

BV 
GOS 
ICR 0 
~ o t a 1 2 ( 3 )  

E: 3) 

11 BV = salvage value,  D = deprec ia t ion ,  OE = opera t ing  expenses, BV = book value,  GOS = ga in  on s a l e ,  
ICR = investment c r e d i t  recapture ,  and PV = present  value. 

2 1  A l l  f i gu re s  a r e  rounded t o  t he  neares t  do l l a r .  



DECISION MAKING 

Now t h a t  the  AEG's have been ca lcu la ted ,  
how a r e  they used i n  dec is ion  making? They may 
be used t o  determine t he  optimal economic l i f e  
of a  piece of equipment. AECts may be u t i l i z e d  
i n  replacement dec is ions  and when choosing 
between new models. They can a l s o  be used t o  
determine lowest per u n i t  cos t  i f  product ion 
requirements a r e  va r i ab l e .  

The year  i n  which t h e  minimum AEC occurs  
i s  t h e  opt imal  economic l i f e  of t he  equipment, 
i n  t h a t  t o  hold t h e  machine f o r  a  sho r t e r  o r  
longer time r e s u l t s  i n  a  higher  average annual 
cos t .  I f  no o ther  machine wi th  a  lower minimum 
c os t  can be found a t  t h e  end of t h e  optimal 
economic l i f e .  t he  i d e n t i c a l  machine should be 
purchased and he ld  f o r  t he  same period of time. 
The optimal  economic l i f e  i nd i ca t e s  when a 
piece of equipment should be replaced.  The 
AEC's can a l so  be used t o  determine t he  cos t  of 
de v i a t i ng  from the  opt imal  economic l i f e .  

The AEC method can a l s o  be used t o  s e l e c t  
t h e  b e s t  replacement machine when i t  i s  time t o  
r e p l ace  a  machine. Table 5 summarizes t he  AECs 
f o r  t h e  3-year old grapple  sk idders  and two new 
grapple  skidders  t h a t  could be used i n  t he  same 
wel l  managed harves t ing  system with annual 
production of 10,000 cords. Ranked by minimum 
AEC from lowest t o  high i s  t h e  o ld  skidder ,  
skidder  B, then skidder  A. Although the  
opt imal  economic l i v e s  a r e  d i f f e r e n t ,  t h e  
minimum AECs can be compared d i r e c t l y  assuming, 
a s  discussed above, t h a t  i d e n t i c a l  investments 
can be made again and aga in  u n t i l  a  common l i f e  
length  i s  found. The s e l ec t i on  dec is ion  

between t he  t h r ee  a l t e r n a t i v e s  presented i n  
Table 5 i s  t o  keep t h e  o ld  skidder  f o r  another 
t h r e e  years .  

Up t o  t h i s  po in t ,  production r a t e s  have 
been assumed f ixed .  However, i f  skidder  A i s  
12.5% more productive and skidder  production 
was t he  l b i t i n g  f a c t o r  i n  t h e  harves t ing  
system, t he  system's, annual production wi th  
skidder  A could be increased t o  11,250 cords. 
Comparing t h e  a l t e r n a t i v e s  on a co s t  per cord 
of production ba s i s ,  t h e  o ld  skidder  produces 
a t  $2.40/cd., skidder  A a t  $2.32/cd. and 
skidder  B a t  $2.43/cd. With va r i ab l e  
production, t h e  s e l ec t i on  of skidder  A i s  
p re fe r red .  

One must be c a r e f u l  when increas ing  system 
production by introducing a more productive 
machine. Costs assoc ia ted  wi th  o ther  machines 
i n  t h e  system may increase  due t o  increased 
useage r e s u l t i n g  i n  higher  t o t a l  system cos t  
per cord, not  lower cos t  per cord. Also AEC 
a r e  genera l ly  c a l cu l a t ed  based on a given 
production r a t e  because r e p a i r  frequency, l abor  
co s t  and o the r  v a r i a b l e  co s t s  a r e  a  func t ion  of 
production leve l .  Therefore, i t  may be b e s t  t o  
compute a  s e t  of AECs f o r  d i f f e r e n t  production 
l e v e l s  and compare AECs d i r e c t l y .  

F ina l l y ,  t h i s  d i scuss ion  has been centered 
around t he  ca l cu l a t i on  and use of AEC when 
making dec is ions  about an ind iv idua l  machine i n  
a  system. The methodology could, a l so ,  be used 
t o  study t h e  cos t s  of systems of machines and 
t o  a s s i s t  i n  determining t he  l e a s t  cos t  
combination of machines wi th in  a system. 

Table 5. AECts f o r  3-year o ld  grapple skidder  and two new grapple  skidders ,  
r = 12% and t = 0.46. 

($1 
3- e a r  o ld  

YEARS gkidder Skidder A Skidder B 

* Optimal economic l i f e ,  minimum AEC. 
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The financial analysis of equipment 
presented here has several advantages: 

(1) Managers must estimate all costs and 
production requirements of the 

machine, 
( 2 )  Allows the incorporation of tax 

impacts. 
( 3 )  Adjusts costs for the time value of 

money. 
(4) Allows investments of various length 

to be compared. 
(5) Is relative simply to compute. 
( 6 )  Has many application and uses for 

management decision making, 

With a little experience, forest managers 
can learn to quickly compute AECs and use them 
as decision aids, 
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EFFECT OF LOGGING EQUIPMEm TRAFFIC ON SOIL DENSITY 
AN9 GROWm AND SURVIVK OF YOUNG LOBLOLLY PINE 

B. Graeme Lockaby and Clyde G.  Vidrine 

Abs t rac t . - -So i l  bulk d e n s i t i e s ,  determined on p l o t s  
represen t ing  a g r a d i e n t  of harves t ing  t r a f f i c ,  i n d i c a t e d  t h a t  
compaction was an average of 12% g r e a t e r  on former logging 
decks and primary s k i d  roads a s  compared t o  non-traff icked 
a r e a s .  Penetrometer read ings  supported t h e  bu lk  d e n s i t y  re-  
s u l t s  and, i n  a d d i t i o n ,  showed increased compaction on 
secondary roads and road borders  a s  compared t o  c o n t r o l  a reas .  
This  compaction was r e f l e c t e d  i n  he igh t  growth reduc t ions  of 13% 
t o  59% i n  f i v e  year  o l d  l o b l o l l y  p ine  (Pinus taeda  L . ) ,  on decks,  
primary roads ,  secondary roads ,  and road borders .  Number of 
p i n e  per  p l o t  was reduced by 31% t o  91% on t h e  same f o u r  a r e a s .  
P l o t  means f o r  r o o t  c o l l a r  diameters  a l s o  decreased b u t  were not  
s i g n i f i c a n t l y  d i f f e r e n t  from those  on c o n t r o l  p l o t s .  The pro- 
p o r t i o n  of t h e  harvested a r e a  involved i n  s o i l  p roper ty  impacts 
and reduced t r e e  growth, however, appeared t o  be only about 1%. 

( I n  process  of review by Southern Journa l  of Applied F o r e s t r y . )  



ECOLOGICaL AHD S ILVICmTUML FACTORS ASSOCLAmD WITH RAPID GROWTH 

21 Paul  Y, Burns and S . C .  H r  

Abstract.--Data from extremely rapid-growing l o b l o l l y  
pine p l an t a t i ons  i n  the  United S t a t e s  and fo r e ign  count r ies  
i n d i c a t e  t h a t  t h i s  spec ies  grows f a s t e s t  i n  geographic r e -  
gions where it is f a r  removed from i t s  n a t u r a l  range, in-  
c lud ing  South Af r i c a ,  B r a z i l ,  Aus t r a l i a ,  and Hawaii. Eco- 
l o g i c a l  and s i l v i c u l t u r a l  f a c t o r s  assoc ia ted  wi th  t h i s  su- 
pe r i o r  growth a r e  analyzed i n  t h i s  paper. 

INTRODUCTION 

I n  1963 Louisiana S t a t e  Univers i ty ' s  School 
of Fo re s t ry  and Wi ld l i f e  Management began a 
research  p ro j ec t  c a l l e d  "How f a s t  can a  l o b l o l l y  
pine p l an t a t i on  grow?" An exce l l en t  s i t e  was se -  
l e c t e d  near  Bogalusa, Louisiana,  the  s i t e  was 
i n t e ns ive ly  prepared, seed l ings  were p lan ted ,  
and i n t ens ive  c u l t u r a l  measures--weed, g r a s s ,  
brush,  and tip-moth con t ro l ;  f e r t i l i z a t i o n ;  and 
irr igat ion--were appl ied  t o  encourage r ap id  
growth. Resu l t s  were spec tacu la r  i n  he ight  
growth; a t  age 11 the  p lo t  had an average he ight  
of 50.5 f t .  However, the  p l o t ' s  volume growth 
was l e s s  than we had hoped al though exce l l en t  by 
U.S. s tandards  (2.8 cords lacre lyear  mean annual 
increment (MAI) a t  age 19).  

Three years  ago, we decided t o  compare our 
"wonder" p lo t  wi th  o ther  f  a s  t-growing l o b l o l l y  
pine (Pinus taeda L.) p l an t a t i ons  i n  the  South 
and around the  world. Loblo l ly  pine i s  commer- 
c i a l l y  grown a s  an exo t i c  i n  a  number of coun- 
t r i e s ,  including A u s t r a l i a ,  B r a z i l ,  Argentina,  
Uruguay, t h e  Republic of South Af r i c a ,  New Zea- 
land,  and China. We f e l t  t h a t  i f  we could de t e r -  
mine which eco logica l  and s i l v i c u l t u r a l  f a c t o r s  
were assoc ia ted  wi th  super ior  growth, l o b l o l l y  
pine growers might be helped i n  s i l v i c u l t u r a l  de- 
c i s i o n  olaking. A s  our s tudy  progressed, we 
learned  t h a t  a t  l e a s t  two U.S.-based f o r e s t  pro- 

I f  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 4-5, 1982, 

21 Professor  and Associate  Professor ,  - 
r e spe c t i ve ly ,  Louisiana S t a t e  Univers i ty  
School of Fo re s t ry  and Wi ld l i f e  Planage- 
ment, Baton Rouge, Louisiana 70803. 

duc ts  corpora t ions  with subs id i a r i e s  i n  B r a z i l  
were i n t e r e s t e d  i n  discovering why l o b l o l l y  pine 
i n  B r a z i l  g r e a t l y  outgrows l o b l o l l y  pine on t h e i r  
holdings i n  the  southern U.S. We too were i n -  
t r igued  by t h i s  ques t ion .  

DATA COLLECTION 

We co l l e c t ed  da t a  by examining published r e -  
por t s  and by personal  communication with f o r e s t e r s  
f a m i l i a r  with except iona l ly  fast-growing l o b l o l l y  
pine p lo t s .  We l i s t e d  a  number of eco logica l  and 
s i l v i c u l t u r a l  f a c t o r s  which we thought might be 
s i g n i f i c a n t  and a sce r t a i ned  without  g r ea t  d i f f i -  
c u l t y  f o r  each p lo t .  Fo re s t e r s  who responded t o  
our l e t t e r s  and phone c a l l s  were asked t o  provide 
these  da t a  i f  they could,  along with growth mea- 
surements. We a r e  g r a t e f u l  t o  a l l  those who co- 
operated i n  providing information.  

F ive  outstanding p lo t s  i n  terms of wood vol-  
ume production per a c r e  per year  were s e l ec t ed  f o r  
t h i s  r e p o r t ,  one each i n  South Af r i c a ,  B raz i l ,  
A u s t r a l i a ,  Hawaii, and South Carol ina.  

South Af r i c a  p lo t  

Data were supplied by C . J .  Schutz, Natal  For- 
e s t r y  Research Centre,  Department of Environment 
A f f a i r s ,  Republic of South Af r i c a ,  P ie te rmar i tz -  
burg. H e  fu rn ished  da t a  f o r  t h r e e  temporary p l o t s  
i n  the  Eas te rn  Transvaal  Drakensberg Escarpment 
a r ea .  We se l ec t ed  p lo t  T155, which had the  h ighes t  
MI a t  age 20. The neares t  weather s t a t i o n  i s  a t  
Witkl ip.  

B raz i l  p lo t  

McDavid Hughes, Manville Fo re s t  Products Cor- 
pora t ion ,  West Monroe, Louisiana,  and J ,P  . McTague , 
Manville Produtos F lo r e s t a s  Ltda. ,  Igarae ,  Santa 



Table I .  -- Stand characteristics of Loblol ly p l n e  p l a n t a t i o n  p l o t s  showing ou ts tand ing  growth 

f t ,  f t ,  f t e 2 1 a c  fto3/ac/yr f t .  v r s  ' - no. - no. 
P 

i n ,  
P - - -  

South Afr ica  2 2 809 121 13.63 --- 9 9 123 523 107 
B r a z i l  8 947 852 7,33 35 40 250 44 2 8 9 
A u s t r a l i a  16 703 346 8,70 --- 5 6 14 2 382 7 6 
Hawaii 11 1,210 1,150 6 ,6& 38 42 2 7 8 37 1 7 8 
So, Carol ina 11 908 639 7 ,43 49 54 193 352 95 

- B r a z i l ,  Hawaii, and So. Carol ina p l o t s  were unthinned; South Afr ica  p l o t  was thinned a t  ages 

9,12,14,17, and 21; A u s t r a l i a  p l o t  was thinned a t  age 15 y e a r s ,  9 months, 

- 2' Average dbh i s  q u a d r a t i c  mean. 

Dominant he igh t  i s  t h e  average he igh t  of dominants and codominants ( f o r  t h e  South Afr ica  and 
A u s t r a l i a  p l o t s ,  de r ived  from top he igh t  and predominant h e i g h t ,  r e s p e c t i v e l y ) .  

- 4 /  Mean Annual Increment, product ion i s  t o t a l  i . b .  a l l  t r e e s ,  s tand ing  volume p l u s  
th inn ing  volumes, divided by p l a n t a t i o n  age,  except  f o r  South Afr ica ,  where i t  i s  based on age 20. 

- 5/  S i t e  index  is  based on dominant he igh t  a t  age 25; i t  was computed from equa t ion  (2), southwide 
parameters ,  i n  an a r t i c l e  on l o b l o l l y  s i t e  index by Golden e t  a l .  (1981). 

C a t a r i n a ,  B r a z i l ,  fu rn i shed  d a t a  f o r  a temporary 
p l o t  on t h e  Rio do Tigre  Farm near  I g a r a s .  I n  
a d d i t i o n ,  we obtained va luab le  growth inforr&- 
t i o n  on l o b l o l l y  pine i n  B r a z i l  from D.M. Crutch- 
f i e l d ,  Timberlands Div is ion ,  Westvaco, Sumner- 
v i l l e ,  South Carol ina.  

c r i b e d  by Langdon e t  a l ,  (L970) ,  We used d a t a  i n  
t h e i r  a r t i c l e ,  supplemented by telephone conversa- 
t i o n s  wi th  W .P , LeGrande, Santee Experimental Pos-  
e s t ,  and W . R e  Harms, U ,S . F o r e s t  Serv ice ,  Charles-  
ton ,  South Carol ina.  The p l a n t a t i o n  was e s t a b l i s h e d  
on Wadtnalaw I s l a n d ,  about 18 miles  southwest of 
Charles  ton.  

A u s t r a l i a  p l o t  
R E S a T S  AND DISCUSSION 

For the  A u s t r a l i a  p l o t  d a t a ,  we a r e  i n -  
debted t o  D . I .  Bevege, F o r e s t r y  Comiss ion  of 
N . S . W . ,  Beecrof t ,  New South Wales, and Alan H a r -  
vey, Queensland Department of F o r e s t r y ,  Brisbane.  
The p l o t  is  loca ted  near  Crohamhurst, Queensland. 
D r .  Bevege s e n t  d a t a  on seven fast-growing per- 
m n e n t  p l o t s ;  we  s e l e c t e d  t h e  one wi th  t h e  high- 
e s t  MAL,  

Hawaii p l o t  

Data f o r  the  Hawaii p l o t  were contained i n  
a publ ica t ion  (Whitesel l  1 9 7 4 ) ;  Craig Whi tese l l  
gave us a d d i t i o n a l  information by personal  com- 
m i c a t i o n ,  and the  s e n i o r  author  (Burns) v i s i t e d  
the  p l o t  i n  1980, The p l o t  s e l e c t e d  was t h e  
fastest growing i n  a spacing t r i a l  on Maui I s -  
land,  near  OLinda. 

South Caro l ina  p l o t  

To our knowledge the  most r a p i d  growth on 
record f o r  LoblolLy pine i n  the  South i s  des-  

Severa l  problems were encountered i n  presen- 
t i n g  s tand  d a t a  on a comparable b a s i s .  Within t h e  
world f o r e s t r y  c o m w i t y  and even i n  t h e  U,S, t h e r e  
i s  no s tandard  method of s t a n d  d e s c r i p t i o n ,  Plan-  
t a t i o n  age i n  t h e  U.S. i s  cornonly expressed t o  t h e  
n e a r e s t  year; i n  A u s t r a l i a  and South A f r i c a  i t  is  
o f t e n  expressed t o  the  n e a r e s t  month. Average dbh 
i s  c o m o n l y ,  bu t  not  always, shown a s  the  q u a d r a t i c  
mean. Stand he igh t  as repor ted  f o r  s i t e  index de- 
t e rmina t ion  i s  usua l ly  expressed i n  the  U.S. as do- 
minant h e i g h t ,  i n  South Africa as top h e i g h t ,  and 
i n  Queensland as predominant h e i g h t ,  Volumes may 
be presented i n s i d e  o r  under b a r k ,  sometimes o u t s i d e  
o r  over bark; m e r c h a t a b l e  l i m i t s  vary cons iderab ly .  

Although o u t s i d e  t h e  U,S ,  the metric system i s  
f a i r l y  s t m d a r d ,  t h i s  paper is  being presented t o  
U.S. f o r e s t e r s ,  so  we used t h e  Engl i sh  systera, Data 
s e n t  t o  us from o t h e r  counr r ies  were converted t o  
t h i s  system, Where a s tand  c h a r a c t e r i s t i c  which we 
wanted t o  p resen t  was not  provided i n  the  d a t a  a- 
v a i l a b l e  t o  us ,  we made a reasonable a p p r o x i m t i o n .  



The volume u n i t  we chose i s  t o t a l  e n t i r e  stem 
i n s i d e  bark.  Since t h e  p l o t s  d i f f e r e d  i n  age,  
we compared t h e  p l o t s  a s  t o  r a t e  of dominant 
h e i g h t  growth by computing s i t e  i n d i c e s ,  base age 
25, wi th  a  formula by Golden e t  a l ,  (1981). 

Stand growth c h a r a c t e r i s t i c s  of t h e  f i v e  
p l o t s  a r e  shown i n  t a b l e  1. Growth i n  comparison 
wi th  most l o h l o l l y  pine p l a n t a t i o n s  i n  t h e  south-  
e r n  U.S. i s  phenomn 1 f o r  a l l  f i v e  p l o t s ,  ranging 3 from a M A 1  of 352 f t  l a c r e f y e a r  f o r  t h e  South 
Caro l ina  p l o t  t o  523 f o r  the  South A f r i c a  p l o t .  
S i t e  i n d i c e s  a r e  a l s o  v e r y  h igh ,  ranging from 76 
f o r  t h e  A u s t r a l i a  p l o t  t o  107 f o r  the  South A f r i c a  
p l o t .  

By comparison, wel l-s tocked l o b l o l l y  pine 
p l a n t a t i o n s  i n  the  U.S. a t  age 20 normally average 
about  188 f t  / ac re /year ,  wi th  a  range from 80 t o  
300; s i t e  i n d i c e s  average about  60, ranging from 
40 t o  80.  

The p l o t  wi th  t h e  h i g h e s t  M A 1  (523) i s  South 
A f r i c a ' s .  However, i t  i s  o l d e r  than the  o t h e r  
p l o t s ,  and a t  age 20 i t  i s  probably a t  o r  near  
i t s  maximum UI. J u s t  how long t h e  B r a z i l  p l o t  
w i l l  cont inue i t s  r a p i d  growth i s  no t  known; ex- 
t e n s i v e  p l a n t i n g  of l o b l o l l y  pine i n  B r a z i l  be- 
gan on ly  about 16 years  ago (Sedjo 1980). M a -  
chado (1978) s t a t e d  t h a t  l o b l o l l y  pine p lan ta -  
t i o n s  i n  t h e  c e n t r a l  r e g i o n  of Parana ( t h e  s t a t e  
n o r t h  of Santa C a t a r i n a )  grow very  r a p i d l y  f o r  
t h e  f i r s t  10 t o  13 y e a r s ,  bu t  t h i s  growth i s  £01- 
lowed by a  f a s t  d e c l i n e ,  a t  l e a s t  i n  dense s t a n d s .  
However, J .P.  McTague t o l d  us t h i s  year  t h a t  lob- 
l o l l y  pine a t  I g a r a s ,  some of which i s  18 years  
o l d ,  has  continued i t s  r a p i d  growth. Product ion 
M A 1  i n  t h e  B r a z i l  p l o t ,  now 8 years  o l d ,  thus  

3 
seems l i k e l y  t o  reach 500 t o  600 f t  / ac re  per  
year  by age 20, thus  making i t s  growth comparable 
w i t h  the  South A f r i c a  p l o t ,  We es t imate  t h a t  
product ion M I  i n  t e  o t h e r  t h r e e  p l o t s  w i l l  9 
reach  400 t o  500 f t  l a c r e l y e a r  by age 20. 

It i s  worthy of no te  t h a t  t h e  s i t e  i n d i c e s  
of t h e  A u s t r a l i a  and Hawaii p l o t s ,  a l though h igh ,  
a r e  below 80,  i n d i c a t i n g  t h a t  t h e i r  remarkable 
volume growths a r e  perhaps more a  r e s u l t  of ex- 
t remely h igh  b a s a l  a r e a  product ion than of good 
h e i g h t  growth. The ba a1 a r e a  of t h e  unthinned 2 
Hawaii p l o t  was 278 f t  / a c r e  a t  age 11; the  Aus- 
t r a l i a  p l o t  achieved a  b a s a l  a r e a  product ion,  i n -  

2  
e lud ing  th inn ings ,  of 260 f t  l a c r e l y e a r  at  age 
16. The conventional  s i t e  index i n  f o r e s t r y  is  
based on he igh t  growth; however, it may o f t e n  be 
t h e  c a s e  t h a t  b a s a l  a r e a  growth does n o t  respond 
t o  t h e  same e c o l o g i c a l  f a c t o r s  a s  does h e i g h t  
growth. Thus a  p l o t ' s  he igh t  growth may r e s u l t  
i n  a s i t e - i n d e x  c l a s s i f i c a t i o n  which s e r i o u s l y  
underest imates  o r  overes t imates  t h e  p l o t ' s  vol-  
ume product ion.  

Topographic and c l i m a t i c  f a c t o r s  

pine can grow q u i t e  wel l  a t  l a t i t u d e s  varying from 
about  21' t o  33' depending t o  some e x t e n t  on t h e  
e l e v a t i o n  above s e a  l e v e l  and o t h e r  f a c t o r s ,  L a t i -  
tude has an  e f f e c t  on t h e  leng th  of d a y l i g h t  dur ing  
t h e  growing season (days a r e  Longer i n  h igher  l a t i -  
tudes )  and on the  i n t e n s i t y  of l i g h t  during the  
growing season.  It is  noteworthy t h a t  the  f o u r  
f a s t e s t  growing p l o t s  a r e  more than 590 f e e t  above 
sea l e v e l  i n  e l e v a t i o n ,  i n d i c a t i n g  t h a t  perhaps 
e l e v a t i o n  i s  a  "plus" i n  s t i m u l a t i n g  growth. 

Topographic p o s i t i o n s  v a r i e d  f o r  these  p l o t s  
from moist lowlands t o  a  p la teau  and inc lud ing  mid- 
d l e  s lopes .  Hawaii 's and A u s t r a l i a ' s  p l o t s  have a s -  
pec t s  t h a t  tend t o  m i t i g a t e  s o i l  moisture l o s s .  

The c l imate  of a l l  f i v e  p l o t s  i s  humid sub- 
t r o p i c a l ,  c h a r a c t e r i z e d  by mild win te r  tempera- 
t u r e s ,  moderately warm s u m e r  temperatures ,  and 
abundant r a i n f a l l ,  p a r t i c u l a r l y  during the  s i x -  
month warm season.  

The average f r e e z e - f r e e  period i s  a  crude mea- 
s u r e  of l eng th  of growing season,  and we expected 
a  high c o r r e l a t i o n  wi th  growth. Four l o c a t i o n s  had 
very  long f r e e z e - f r e e  periods (more than 290 d a y s ) ,  
The cons iderab ly  s h o r t e r  f r e e z e - f r e e  period,  210 
days,  a t  t h e  B r a z i l  p l o t  seems t o  be an anomaly. 
This  f r e e z e - f r e e  period leng th  i s  c h a r a c t e r i s t i c  of 
western Tennessee, n o r t h  of the  a r e a  of r a p i d  lob-  
l o l l y  pine growth i n  t h e  U.S. It  may be t h e  c a s e  
( d a t a  a r e  no t  a v a i l a b l e  t o  us )  t h a t  t h e  a c t u a l  
growing season f o r  l o b l o l l y  pine is  cons iderab ly  
longer  than  210 days a t  t h e  B r a z i l  s i t e ,  p a r t i c u -  
l a r l y  i f  t h i s  a r e a  has s h o r t ,  sporad ic  f r o s t s  
during t h e  warm season.  

Average annual  r a i n f a l l  v a r i e s  from a low of 
52 inches a t  t h e  South Caro l ina  p l o t  t o  74 inches  
a t  t h e  A u s t r a l i a  p l o t .  Warm-season r a i n f a l l  ex- 
ceeds 32 inches a t  t h e  four  p l o t s  f o r  which d a t a  
a r e  a v a i l a b l e .  I lob lo l ly  pine grows b e s t  where 
warm-season r a i n f a l l  is  abundant. Shoulders and 
Tia rks  (1980), i n  t h e i r  s tudy  of sou thern  pine 
p l a n t a t i o n  he igh t  growth i n  the  Gulf Coas ta l  P l a i n ,  
found t h a t  April-through-September r a i n f a l l  a t  lob-  
l o l l y  pine s i t e s  averaged 31  inches ,  ranging from 
24 t o  46,  

Fog is  a  s i g n i f i c a n t  growth f a c t o r  f o r  some 
f o r e s t  s t a n d s .  For example, s o i l  moisture may be 
added by fog  d r i p  from t r e e s .  The South Caro l ina  
p l o t  has a  f a i r l y  high incidence of warm-season 
fog .  As b e s t  we could determine,  t h e  o t h e r  f o u r  
p l o t s  a r e  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 fog .  

A l o b l o l l y  pine s tand  which i s  probably favor -  
a b l y  in f luenced  by fog o r  mist  i s  loca ted  f n  thg  
Southern Cape a r e a  of South A f r i c a  ( l a t i t u d e  34 
S) .  Data suppl ied  by F .  Beekman, Saasveld F o r e s t r y  
Research S t a t i o n ,  Geor e ,  showed t h a t  t h i s  p l o t  9 had a  h igh  M I  (500 f t  l a c r e l y e a r  a t  age 20) w i t h  
warm-season r a i n f a l l  on ly  25 inches .  However, 
m i s t  i n  s u m e r  is  comon a t  t h i s  s i t e .  

The r e s u l t s  ( t a b l e  2 )  i n d i c a t e  t h a t  l o b l o l l y  



Table 2,--Topographic and c l i m a t i c  f a c t o r s ,  lob lo lPy  p ine  p l o t s  showing ou ts tand ing  growth 

Elev. Slope Freeze Normal Normal Ave. Warn Warn Ann. 
p l o t  above X & f r e e  wintez, ann . 

seas" ';;:3? deff.- l o c a t i o n  L a t i t u d e  sea-lev. Topog. a s p e c t  period- temp.-- :zQ:3' pptn. p p t l r  wate6/ 

f t *  - days i n ,  i n ,  - - p e r c e n t  i n .  

So. Afr, A l l u v i a l  
24"54'S 2,871 f l .  p l a i n  0 300 55 66 53 52 --- --- 

B r a z i l  Lower 
27'30'S 2,790 s lope ,  5-10 2 10 54 7 3 59 34 79 0.0 

p l a t e a u  

Aus t ra l .  Middle 7 
26'49's 592 s lope  SSE 365 5 5 7 4 74 5 1  7 8 --- 

Hawaii Middle 10-15 
20°49'N 3,740 s l o p e  NW 365 54 60 54 --- --- --- 

So. Car .  F i r s t  t e r r .  
32'43'N 12 Coast. PI.  0-1 294 4 9 80 52 32 71  0.3 

Freeze-free per iod  i s  t h e  average number of days between d a t e s  of t h e  l a s t  s p r i n g  minimum and t h e  
f i r s t  f a l l  minimum of 32' F o r  below. 

- 2/ Normal win te r  temperature i s  t h e  normal d a i l y  average f o r  January (No. Hemisphere) o r  Ju ly  (So. 
Hemisphere). 

3/ Normal summer temperature i s  t h e  normal d a i l y  average f o r  J u l y  (No. Hemisphere) o r  January (So. 
Hemisphere). 

k' Warm season p r e c i p i t a t i o n  i s  t h e  average t o t a l  f o r  t h e  6-month per iod  April-September (No. 
Hemisphere) o r  October-March (So. Hemisphere). 

5/ Warm season r e l a t i v e  humidity (R.H. ) is  t h e  average f o r  t h e  warm season defined above. 

- 6' Mean annual  water  d e f i c i t  i s  p o t e n t i a l  evapot ransp i ra t ion  - a c t u a l  evapot ransp i ra t ion .  Mean annual  
p o t e n t i a l  evapot ransp i ra t ion  was computed by Thornthwaite 's  method, 12 i n ,  moisture i n  a  r o o t i n g  zone of 6 
f t .  

Warm-season r e l a t i v e  humidity i s  h igh  i n  the  d e f i c i t  of these  p l o t s  i s  a l s o  near  zero.  
t h r e e  p l o t s  f o r  which t h i s  c l i m a t i c  s t a t i s t i c  was 
provided. Geologic and s o i l  f a c t o r s  

Mean annual  p o t e n t i a l  evapot ransp i ra t ion  is  
and express ion  of t r e e  needs f o r  water ;  i t  is  
c a l c u l a t e d  e m p i r i c a l l y  from a i r  temperatures  
without  regard  t o  s o i l  d i f f e r e n c e s .  When s o i l  
moisture i s  low, a c t u a l  evapot ransp i ra t ion  i s  be- 
low p o t e n t i a l ,  and a d e f i c i t  occurs .  Unfortuna- 
t e l y ,  water  d e f i c i t  d a t a  a r e  a v a i l a b l e  f o r  only 
two of t h e  p lo t s - -Braz i l  and South Caro l ina .  The 
f a c t  t h a t  t h e  mean annual  d e f i c i t  i s  c l o s e  t o  
ze ro  f o r  t h e s e  two p l o t s  i s  probably s i g n i f i c a n t  
i n  causing t h e i r  r a p i d  growth. I n  view of t h e  
h igh  warm-season r a i n f a l l  and r e l a t i v e l y  low sum- 
mer temperatures  a t  t h e  South A f r i c a  and A u s t r a l i a  
s i t e s  i t  seems l i k e l y  t h a t  t h e  mean annual  water  

A v a r i e t y  of parent  m a t e r i a l s  ranging from s e -  
dimentary ( s e v e r a l  sources)  t o  vo lcan ic  ash  i s  rep- 
r e s e n t e d  i n  our d a t a  ( t a b l e  3 ) .  S o i l  c l a s s i f i c a -  
t i o n s  a l s o  vary  cons iderab ly ,  and no d e f i n i t e  con- 
c l u s i o n s  have been drawn. 

S o i l s  of t h e  f i v e  p l o t s  appear t o  be e x c e l l e n t  
f o r  l o b l o l l y  pine growth. Topso i l s  a r e  loamy, sub- 
s o i l s  have favorab le  t e x t u r e ,  and a l l  s o i l s  a r e  
deep. S o i l  s t r u c t u r e  i s  an important  f a c t o r  i n  t r e e  
growth; however, we were unable t o  g e t  i n f o r m t i o n  
on t h i s  a t t r i b u t e ,  except  f o r  t h e  South A f r i c a  p l o t ,  
which has a  porous s o i l ,  and t h e  Hawaii p l o t ,  which 
has moderately r a p i d  permeabi l i ty  and a  subangular  



Table 3,--Geologic and s o i l  f a c t o r s ,  l o b l o l l y  p ine  p l o t s  showing outstanding growth 

S o i l  Tota l  Mater 
P lo t  Parent  c l a s s i f  Topsoil  Subsoil  s o i l  t a b l e  Surface I n t e r n a l  
l oc a t i on  ma te r i a l  c a t i o J 7  Texture Depth pH Texture pH depth depth drainage drainage 

i n .  - i n ,  f t .  - - 
So. Afr, Granite  I n c e p t i s o l s  Sandy 9 --- Sandy --- 59+ 8 Good Good 

alluvium c l ay  c lay  
loam 

Bra z i l  Sedimen- Passa S i l t  16-18 5.2 S i l t  --- 40+ 1-6 Fa i r  Fa i r  
t a r y  on d o i s  r i o  loam shal-  
b a s a l t  do r a s t o  low 

win te r  

Austral .  Te r t i a ry  Dys t r ic  Loam 20 5.7 Loam 5.4 36+ Deep Good Good 
b a s a l t  Mitosols ,  t o  

L a t e r i t i c  c l ay  
Krasnozem loam 

Hawaii Volcanic I ncep t i so l s ,  Loam 6  6.2 S i l t y  6.2 42 Deep Good Good 
ash over Dystrandepts, t o  c lay  t o  
andes i t e  Ent ic ,  Med- 6.4 loam 6.4 
o r  b a s a l t  i a l  Isomesic 

Olinda 

So. Car. Sandy En t i so l s ,  Loamy appr. --- --- --- 48+ 2-6 Poor Good 
marine Udipsamments f i n e  12  

sediments Aquic, mixed sand 
Thermic 
Seabrook 

L / ~ o i l  c l a s s i f i c a t i o n  f o r  Hawaii and So. Carol ina i s  based on U.S. S.C.S. system (So i l  Survey S t a f f  
1975); South Africa s e r i e s  i s  "Oakleaf J az in i ; "  B raz i l  c l a s s i f i c a t i o n  i s  l o c a l  name; Aus t ra l ia  
c l a s s i f i c a t i o n  is  based on FAO-UNESCO (1974) S o i l  map of t he  world, 1:5,000,000, Volume I ,  Legend, p. 19. 

blocky subso i l  s t r u c t u r e .  S o i l  pH where recorded 
i s  a c i d  and favorable f o r  l o b l o l l y  pine,  ranging 
from 5.2 t o  6.4. 

At the  South Af r i c a ,  B r a z i l ,  and South Caro- 
l i n a  p l o t s ,  water t a b l e s  may be acce s s ib l e  t o  
t r e e  r o o t s ,  thereby s t imula t ing  rap id  growth. 
However, r a i n f a l l  i s  abundant a t  these  s i t e s ,  and 
t he  water  t ab l e  may not  be a  growth f a c t o r .  

Deta i led  s o i l  information i s  ava i l ab l e  f o r  a  
Loblolly pine p lo t  (No. 7-10-3) i n  B r a z i l ,  lo-  
ca ted  on Rigesa Woodlands of Westvaco, i n  Santa 
Catar ina  some d is tance  nor th  of I ga r a s ,  Located 
a t  t he  bottom of a  10 p e r ~ e n t  s lope ,  at  age 8 
t he  p l o t ' s  MA1 was 429 f t  l a c r e lyea r .  Dominant 
he ight  was 50 f e e t ,  y i e l d ing  a s i t e  index e s t i -  
mate of 104 f e e t  based on Golden e t  a l . ' s  equa- 
t i o n .  The s o i l  is  very deep--more than 96 inches.  
The t o p s o i l  i s  a  f r i a b l e  c l a y  loam, subso i l  f r i a b l e  
g r a n ~ l a r  c lay .  Topsoil bulk dens i t y  i s  0.895 
g/cm , i nd i ca t i ng  favorable s t r u c t u r e .  S o i l  pH 

i s  4.3 t o  4 .5 ,  and the  C:N r a t i o  is  high--8.3 i n  
t he  A horizon and 10.0 i n  t he  B--conducive t o  
good growth. S i l t - p lu s - c l ay  content  ( f i n e s )  i s  
57 percent  i n  both horizons.  Climatic  da t a  f o r  
t h i s  p lo t  a r e  not  ava i l ab l e ,  bu t  the  s o i l  da t a  a r e  
valuable i n  understanding the  exce l l en t  growth 
r a t e s  of l o b l o l l y  pine i n  B r a z i l .  

Deta i led  n u t r i e n t  s t a t u s  information i s  una- 
v a i l a b l e  f o r  our f i v e  p lo t s .  Subjec t ive  judgments 
i nd i ca t e  t h a t  s o i l  n u t r i e n t s  a r e  adequate f o r  good 
growth. 

I n  f o r e s t  s tands  t he  presence o r  absence of 
s o i l  pathogens (nematodes, v i ru se s ,  fungi ,  and 
b a c t e r i a )  is  not  e a s i l y  de tec ted  un less  t r e e  mor- 
t a l i t y  i s  abnormal. It is  not  su rp r i s i ng  t h a t  
t h e r e  i s  l imi ted  information on t h i s  f a c t o r  i n  our 
da t a .  Low populations a r e  repor ted  f o r  t he  B r a z i l  
and Aus t r a l i a  p lo t s ;  no da t a  on s o i l  pathogens 
a r e  ava i l ab l e  f o r  the  o the r s .  The high wood pro- 
duct ion of a l l  f i v e  p lo t s  i nd i ca t e s  t h a t  s o i l  



Table 4 . - -S i lv icu l tu ra l  f a c t o r s ,  l o b l o l l y  p ine  p l o t s  showing ou ts tand ing  growth 

Geogr. Pheno- Age Replace- Former SLte F e r t i l i z e r  Weed & Brush 
P l o t  source type  o  f  men t u s e  of prepa- app l ied  g r a s s  c o n t r o l  
l o c a t i o n  seed paren t  seed l .  p l a n t i n g  s i t e  r a t  ion  c o n t r o l  

So. Afr. Local --- 1-0 --- Grass 1  m2 p ln tng  None F i r s t  Not 
p a s t u r e  s p o t s  scalped Y r  Needed 

hoed i n  
c e n t e r  

B r a z i l  So. Ga. --- 1-0 Yes Parana Bull-dozed None None F i r s t  
No. F la .  p ine  - K-G b l a d e  3 

Cent, hardwds y r s .  
Ala . 

Aust ra l .  Ocala Local 1-0 No Rain- Planted None None Not 
Fla .  p l u s  f o r e s t  d i r e c t l y  needed 

t r e e s  c l e a r e d ,  on 
grazed p a s t u r e  

Hawaii --- 1-1 Yes Grass Grazed None None Not --- 
p a s t u r e  h e a v i l y ,  needed 

p ln tng  
s p o t s  
scalped 

So. Car. Local Seed 1-0 No Old f i e l d  Bedding None F i r s t  Mot 
prod. farmed y r .  Y r  needed 
a r e a  be£. p l n t g .  

pathogens, i f  p resen t ,  a r e  no t  causing apprec iab le  
m o r t a l i t y .  However, nematodes probably have s i g -  
n i f i c a n c e  i n  t r e e  d i s e a s e  cons iderab ly  i n  excess  
of c u r r e n t  s c i e n t i f i c  knowledge, and these  or -  
ganisms have received s c a n t  a t t e n t i o n  i n  f o r e s t  
s o i l  s t u d i e s .  It seems q u i t e  poss ib le  t h a t  some 
of our observed growth d i f f e r e n c e s  i n  these  f i v e  
p l o t s  a r e  r e l a t e d  t o  d i f f e r e n c e s  i n  s o i l  patho- 
gen populat ions.  

S i l v i c u l t u r a l  f a c t o r s  

For t h e  A u s t r a l i a  p l o t ,  p lan t ing  spacing 
( t a b l e  1 )  was perhaps a  l i t t l e  too open (703 
t r e e s l a c r e )  f o r  maximum total-s tern volume pro- 
duc t ion .  Or ig ina l  spacing v a r i e d  from 809 t o  
1,210 seed l ings  per a c r e  i n  t h e  o t h e r  f o u r  p l o t s ,  
c l o s e  enough f o r  ntaximum o r  n e a r l y  maximum t o t a l -  
stem volume production. 

Severa l  o t h e r  s i l v i c u l t u r a l  f a c t o r s  t h a t  may 
be a s s o c i a t e d  wi th  t h e  growth of these  s tands  a r e  
l i s t e d  i n  t a b l e  4.  

None of t h e  f i v e  p l o t s  was planted w i t h  seed- 
l i n g s  of proven g e n e t i c  s u p e r i o r i t y .  Addi t iona l  
l o b l o l l y  pine growth d a t a  from the  Eas te rn  Trans-  
v a a l ,  suppl ied  by N.P. Denison, Mondi Timber, 
Sab le ,  show t h a t  g e n e t i c  f a c t o r s  a r e  important .  
M A 1  (ages varying from 12 t o  20 years )  from a  
seed-source s tudy  ~ i t h  15 seed o r i g i n s  v a r i e d  
from 182 t o  396 f t  l a c r e l y e a r .  The genotypes 
of our f i v e  p l o t s  a r e  not  known. Therefore i t  
i s  near ly  impossible t o  a s s e s s  the  importance of 
g e n e t i c  f a c t o r s  i n  t h e i r  growth. 

Although the  Hawaii p l o t  was planted wi th  
1-1 r a t h e r  than wi th  1-0 s t o c k ,  t h i s  seemingly 
was n o t  s i g n i f i c a n t  i n  causing i t s  e x c e l l e n t  
growth, a l though it may have helped i n  minimizing 
t h e  need f o r  weed and g r a s s  c o n t r o l  i n  the  p l o t ' s  
e a r l y  y e a r s .  

Replacement p lan t ing  was used i n  the  B r a z i l  
and Hawaii p l o t s ,  b u t  i t  is  u n l i k e l y  t h a t  t h i s  
p r a c t i c e  caused t h e i r  r a p i d  growth. 



I n  t h e  U.S., o l d - f i e l d  s i t e s  on the  average 
produce faster-growing pines t h a t  cutover  f o r e s t  
s i t e s ,  perhaps because of more favorab le  s o i l  
c o n d i t i o n s .  Four of our  f i v e  p l o t s  had been i n  
pas ture  o r  farm crops before  p lan t ing ;  the  Bra- 
z i l  s i t e  had been i n  n a t i v e  f o r e s t .  

S i t e  p repara t ion  was used on a l l  p l o t s  ex- 
c e p t  t h e  A u s t r a l i a  p l o t .  None of t h e  p l o t s  
was f e r t i l i z e d  nor i r r i g a t e d .  Water c o n t r o l  i n  
t h e  w e t - s i t e  South Caro l ina  p l o t  was accomplished 
by bedding. 

Weed and g r a s s  c o n t r o l  was done only on the  
South A f r i c a  and South Caro l ina  p l o t s .  The 
g e n e r a l l y  e x c e l l e n t  growth of l o b l o l l y  pine on 
good s i t e s  i n  South A f r i c a  may i n  p a r t  be due 
t o  t h e  weed-control p r a c t i c e s  repor ted  by Dar- 
row (1979). The B r a z i l  s i t e ,  cu tover  f o r e s t ,  
probably had few herbs and g r a s s e s ;  i t  rece ived  
needed brush c o n t r o l .  The f a s t  growth of the  
A u s t r a l i a  p l o t  is  a  l i t t l e  s u r p r i s i n g  i n  view of 
t h e  l a c k  of weed and g r a s s  c o n t r o l .  

It i s  u n l i k e l y  t h a t  t h e  th inn ing  ( t a b l e  1 )  
and t h e  a r t i f i c i a l  pruning which were app l ied  
t o  t h e  South A f r i c a  and A u s t r a l i a  s tands  had a  
s i g n i f i c a n t  e f f e c t  on s t a n d  product ion,  s i n c e  
MA1 was expressed i n  t o t a l - s t e m  volume r a t h e r  
than  i n  merchantable volume. 

To d a t e ,  l o b l o l l y  pines i n  South A f r i c a ,  
B r a z i l ,  A u s t r a l i a ,  and Hawaii have been remark- 
a b l y  f r e e  of d i s e a s e  and i n s e c t  a t t a c k s ,  a l -  
though a n t  c o n t r o l  was needed t h e  f i r s t  year  i n  
t h e  B r a z i l  p l o t .  Fusiform r u s t  and tip-moth 
a t t a c k s ,  common i n  t h e  southern U.S., do n o t  
occur  where l o b l o l l y  pine i s  f a r  removed from 
i t s  n a t u r a l  range.  Recent ly a  s t r a n g e  d e c l i n e  
of t r e e  crowns i n  some 40- t o  50-year-old lob- 
l o l l y  pine s tands  i n  t h e  E a s t e r n  Transvaal  was 
repor ted  (Schutz and Wingfield 1979); however, 
t h i s  d i s e a s e  d i d  no t  occur  on our South A f r i c a  
p l o t .  Pusiform r u s t  and tip-moth a t t a c k s  pro- 
bab ly  d i d  a f f e c t  t h e  growth t o  some e x t e n t  i n  
t h e  South Caro l ina  p l a n t a t i o n ,  bu t  these  f a c t o r s  
were apparen t ly  of minor s i g n i f i c a n c e ;  they 
were not  mentioned i n  Langdon e t  a l e ' s  (1970) 
a r t i c l e .  I t  i s  d i f f i c u l t  t o  e s t i m a t e  t h e  i m -  
portance of the  apparen t ly  complete l a c k  of in -  
s e c t  and funga l  damage on the  growth of the  
f o u r  f a s t e s t  growing p l o t s  i n  our s tudy .  

CONCLUSIONS 

L o b l o l l y  pine p l a n t a t i o n s  a r e  capable gf 
h igh  wood product ion,  up t o  a t  l e a s t  352 st  / 
a c r e l y e a r  i n  the  sou thern  U.S. and 523 f t  / 
a c r e l y e a r  i n  a r e a s  where it  i s  an e x o t i c .  Gen- 
e r a l l y  t h i s  spec ies  grows f a s t e s t  i n  geographic 
reg ions  where i t  i s  f a r  removed from i t s  n a t u r a l  
range,  inc lud ing  South A f r i c a ,  B r a z i l ,  A u s t r a l i a ,  
and a t  l e a s t  one mountain-side s i t e  i n  Hawaii. 
The b e s t  s i t e s  i n  South A f r i c a  and B r a z i l  produce 
f a s t e r  growth of t h i s  s p e c i e s  than t h e  b e s t  a r e a s  

i n  A u s t r a l i a .  

Loblo l ly  pine can grow r a p i d l y  a t  l a t i t u d e s  
varying from 21' t o  34O. A t  t r o p i c a l  l a t i t u d e s ,  
an  e l e v a t i o n  which i s  s e v e r a l  thousand f e e t  above 
s e a  l e v e l  may be requ i red .  P l a t e a u s ,  f l o o d p l a i n s ,  
and g e n t l e  middle s lopes  a r e  s u i t a b l e .  

Cl imat ic  f a c t o r s  a s s o c i a t e d  wi th  s u p e r i o r  
l o b l o l l y  pine growth g e n e r a l l y  include a  long 
f r e e z e - f r e e  per iod ,  mild wet w i n t e r s ,  and warm 
t o  moderately warm wet growing seasons.  Fog o r  
mis t  may provide a d d i t i o n a l  needed moisture t o  
some s i t e s .  S o i l  water  d e f i c i t s  averaging near  
zero appear t o  be b e n e f i c i a l .  

Fast-growing l o b l o l l y  pine apparen t ly  r e -  
q u i r e s  a  deep, i n t e r n a l l y  well-drained a c i d  s o i l ;  
loamy t o p s o i l ;  c l a y ,  s i l t  loam, o r  c l a y  loam 
s u b s o i l ;  and a  favorab le  supply of s o i l  n u t r i e n t s .  
On some s i t e s  a  water  t a b l e  w i t h i n  reach of t r e e  
r o o t s  i s  a n  a s s e t .  S o i l  pathogens a r e  a  l a r g e l y  
unstudied and unknown f a c t o r .  

Outstanding growth can be achieved on c u t -  
over f o r e s t  s i t e s  a s  w e l l  a s  o l d  f i e l d s  o r  pas- 
t u r e s .  Seedl ings need not  be of proven g e n e t i c  
s u p e r i o r i t y ,  a l though seed source i s  important .  
F e r t i l i z a t i o n  is  no t  necessary f o r  rap id  growth 
i f  s o i l  n u t r i e n t s  a r e  abundant. Weed, g r a s s ,  
and brush c o n t r o l  may be h e l p f u l  i n  some s t a n d s .  
Disease and i n s e c t  c o n t r o l  measures, except f o r  
a n t  c o n t r o l  i n  B r a z i l ,  a r e  not necessary i n  the  
l o c a t i o n s  which we s t u d i e d .  Loblo l ly  pines a r e  
remarkably h e a l t h y  i n  t h e s e  l o c a t i o n s .  

We a r e  unable t o  draw d e f i n i t e  conclusions 
a s  t o  why l o b l o l l y  pine g e n e r a l l y  grows f a s t e r  i n  
South A f r i c a ,  B r a z i l ,  and A u s t r a l i a  than i t  does 
i n  the  sou thern  U.S. We surmise t h a t  l o b l o l l y  
pine grows f a s t e r  a s  an e x o t i c  i n  the  s u b t r o p i c s  
because of (1 )  abundant and w e l l - d i s t r i b u t e d  r a i n -  
f a l l ,  (2)  h igh  humidi ty,  ( 3 )  a  long growing 
season,  (4) good s o i l s ,  (5 )  l a c k  of s e r i o u s  p e s t s ,  
and (6)  moderately i n t e n s i v e  s i l v i c u l t u r a l  prac- 
t i c e s .  

Because of t h e  l a r g e  number of e c o l o g i c a l  and 
s i l v i c u l t u r a l  f a c t o r s  a s s o c i a t e d  wi th  l o b l o l l y  
pine growth, a d d i t i o n a l  ex tens ive  research  i s  
needed t o  provide more d e f i n i t i v e  answers. Growth 
f a c t o r s  t h a t  can be c o n t r o l l e d  should be he ld  con- 
s t a n t ;  f a c t o r s  t h a t  cannot be c o n t r o l l e d  should be 
c a r e f u l l y  measured. A s e r i e s  of i n t e r n a t i o n a l l y  
coordinated experiments should be i n i t i a t e d .  
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EFmCTS OF TWII:ixIMG AID FERTILIZATION OX G3O\$IIH OF WL41"iTI OAK 
STST53S I M  TKE EOSTOH E 3 i ) m A I R S  ZF FBm2ISA3: ?-YEAR RES"LIZT&/ 

Abstract.--A study of th inning  and f e r t i l i z a t i o n  of 50- 
year-old northern red  oak (Qaercus subrs  L.), black oak (2. 
ve lu t ina  La.), and white oak (s. s lba  5.) was i r i t i a t e d  i n  
t h e  Boston Mo~mtains of Arkansas i n  t he  s-i)ring of 1975. 
F e r t i l i z e r  appl ica t ions  of  a ni trogen and pbospkorous com- 
b ina t ion  were broadcast a t  two l eve l s  t o  indiv idual  oaks t h a t  
had received th inning  o r  nonthinning t rea tments .  Both l eve l s  
of  f e r t i l i z a t i o n  increased diameter growth of a l l  oaks i n  
thinned and nonthinned s tands ,  and th inning  f u r t h e r  increased 
t h i s  response. Maxiam response t o  f e r t i l i z a t i o n  occurred 
during t h e  f i r s t  and second years a f t e r  t reatment.  Yesponse 
continued through t h e  fou r th  year f o r  t h e  lower l e v e l  of  
ni trogen and through t h e  f i f t h  year f o r  t h e  higher l e v e l .  A 
s i gn i f i can t  diameter growth response t o  th innlzg  ocelirred dur- 
ing  t h e  t h i r d  growing season a f t e r  treatment f o r  red and black 
oaks and t h e  f i f t h  growing season f o r  white oek. 

INTRODUCTION 

Several  hundred thousand acres of f o r e s t  I ~ n d  
i n  northern Arkansas support overstocked, even- 
aged, pole-sized stands of oaks and associated 
spec ies .  Although many stands a r e  on medium t o  
good s i t e s  ( s i t e  index of 60 t o  70 f e e t  a t 5 0  
y e a r s ) ,  diameter growth averages only abcut 1 inch 
i n  10 years.  Since t h e r e  a r e  very few markets f o r  
small diameter hardwoods t h e r e  has been very L i t t l e  
intermediate cu t t i ng  i n  t hese  stands.  But, be- 
cause demands f o r  hardwood sawtimber a r e  in- 
c reas ing  and inventor ies  of l a rge  poletimber and 
i m a t u r e  sawtimber a r e  small ,  sane land managers 
have begm noncomerc ia l  th inning  programs t o  
acce l e ra t e  growth of p o t e n t i a l  crop t r e e s .  
F e r t i l i z a t i o n  m y  fu r the r  s t imulate growth of crop 
t r e e s ,  Research has shorn t h a t  northern red 
( ~ u e r c u s  rubra L.), black (9. ve lu t ina  Lam.), and 
2 n m . X  L,) oaks w i l l  respond t o  ni trogen 
(N) and phosphorous (P) f e r t i l i z a t  ioc .  'Two-year 
diameter growth of f e r t i l i z e d  red oaks bas been 
sbo~m t o  increase by 45 t o  70 percent and white 
oak a'oout 60 percent .  Red oaks responded more t o  

i/ Paper presented at  Southern S i l v i c u l t u r a i  
~ e s e & c h  Conference, At lanta ,  Georgia, Boiaember 
h-5, 1982. 

2," Pr inc ipa l  S i l v i c u l t u r i s t  a t  t he  S i lv i -  
cu l tu re  asd Nydroloa  Laboratory, maintained a t  
Faye t t ev i l l e ,  Arkansas, by t h e  Southern Forest  
Experiment Stat ion,  Forest Ser-rice-USBA , i n  
cooperat ion with t h e  Universi ty of P i k a ~ s a s .  

higher Levels of  N, but white oak produced about 
the  same response t o  medium and higher l eve l s  of 
M ( ~ r a n e ~  and Pope 197Ba, lg78k).  This paper 
s -m~~arfzes  7-year growth responses of red oaks 
(nor ther3  red and black oaks)  and white oak i n  the 
Boston 1vIi;untai.n~ of Arkansas. Ob JecLives were t o  
determine how f e r t i l i z e r  appl ica t ions  a f f ec t ed  
diameter growkh i n  thinned and nonthinned stands 
and t o  determine t h e  e f f e c t  of th inning  on dia- 
n;eter growth response t o  f e r t i l i z a t i o n .  

The Eoston I ~ I o ~ t a i n s  a r e  the highest  and 
scuitkernmcct xet~iber of the OzarB Plateaus physio- 
graphic provicee ( f i g .  1). They form a band 30 
co 43 miles wide and 200 miles long from north 
c e n t r a l  Arkansas westward i n t o  eas tern  Oklahorra. 
Elevations range from about9900 f t  i n  t h e  va l l ey  
bottoms t o  2,500 f t  a t  t h e  highest  poin t .  The 
p la teau  i s  sharply d i s sec t ed ,  and most r idges  and 
sp3wFs a r e  f l a t  to gent ly  r o l l i n g  and general ly 
l e s s  than  one-half mile wide. Hountain s l o ~ e s  
eocs i s t  of an a l t e r n a t i n g  se r i es  of s teep  simple 
slopes and gen t l y  sloping kenches. 

3ocks i n  $he area a r e  sedimentary and pre- 
dominantly of Pencsylvania age, cons is t icg  of 
a l ternat icg hor izontz l  beds of  shale and r e s i s t a n t  
sandstoce. AplnuaL p rec ip i t a t i on  ayerages h6 t o  
b8 Inches, with March, April, and M&;i t h e  wet tes t  
months, Ext;ended summer dry ~ e r i o a s  a re  cormon, 



Figwe  1 .--The Boston Momtains i n  Arkansas, 

is usual ly  dry.  The f ros t - f ree  period 
i s  normally 180 t o  200 days long. 

Three study areas  were se lec ted  i n  over- 
stocked s tands  on mountain benches t h a t  range from Basal a rea  around each sample t r e e  was de- 
2 t o  3 chains wide. S o i l s  a r e  deep, vei l-drained,  termined with a prism. Basal a r e a  was reduced 
mediqm-textured members of t h e  liiella and Leesburg t o  about 70 f t 2  by renoving two major competitors 
s e r i e s  ('Typic Paleudul t s )  ; derived from sandstone and seve ra l  smaller  t r e e s .  Thinning was completed 
and sha le  colluvium; and r a t ed  medium t o  high i n  i n  March, 1975. Average t r e e  and stand charac- 
product i v i t y  . t e r i s t i c s  a t  t h i s  time a r e  shown i n  Table 1. 

Sample Trees 

I n  each a rea ,  48 red oak and 48 white oak 
t r e e s  were se lec ted  f o r  t h e  thinning and f e r t i -  
l i z e r  t rea tments .  Trees from each species group 
were arranged i n t o  16 s e t s  of  3 t r e e s  each. 
Members of  each 3-tree s e t  were uniform i n  diameter ,  
crown s i z e ,  and h e i g h h n d  were loca ted  on essen- 
t i a l l y  t h e  same s i t e  condit ions.  Thin o r  nontbin 
treatments were rstridomly assigned To eaeh ?-tree 
s e t ,  and t h r e e  f e r t i l i z e r  t reatments were randoml-y 
assigned t o  t r e e s  of t h e  thinned arid nonthinned 
s e t s .  I n  t o t a l ,  t h e r e  were 144 red  and black oaks 
and 144 white oaks at three Locations. 

Tree bkas-aements 

Tab le  1. I&an stand ana  t r e e  cha rac t e r i s t i c s  
f o r  red and white oak thinned and 
nonthl nned z r ~ a t m ~ n t i  at beginning 
of study.  

S i t e  I n i t i a l  Basal 
Treatment Age Index Diameter Area 

years f ee t  inches f t2/ i lcre 

PZD OAKS 
Thinned 50 8.18 68 
Bontbirined 50 62 8.48 120 

:vTITE C M S  
Thinned 5 2 5 9 8.26 66 - - 

D i m e t e r  a t  b reas t  height  (d.b.h, ) of eaeh Xanthinned 52 5 3 7.139 123 

sample t r e e  w a s  measured t o  the nearest  0.01 inch. 
The diameter measurement point  was i den t i f i ed  by a 
painted band on each t r e e .  Increment cores ,  ex- F e r t i l i z e r  Treatnents 
t r a c t e d  from t h e  nor th ,  e a s t ,  south,  acd west sides 
of each t r e e ,  were sea led  i n  p l a s t i c  soda straws.  A cornbination of two f e r t i l i z e r s ,  
These were used t o  determine t r e e  age and t o  ob- n i t r a t e  (34-0-0) and d i  
Lain a measure of past  growth. Past annual r a d i a l  tras used. F e r t i l i z e r  t reatments were: ( I )  no 
groMth was measured t o  t h e  nearest  0.03. inch using f e r t i l i z e r  (non fe r t i l i z ed ) ,  ( 2 )  200 l b s  N + 45 l b s  
a binoealar  microscope. Tota l  height was a l s o  re- P e r  ac re  (200 l b  t rea tment) ,  and ( 3  400 l b s  M 
corcled f o r  each t r e e .  + e5 l b s  I? per acre  (400 l b  treatment 1.  F e r t i l i z e r s  



were surface broadcast i n  hate .April, 1915, on a 
0.01 acre c i r cu la r  p lo t  swrouriding each tree. 

The stud$ design was a sp l i t -p l c t  with thinn- 
ing  representing the  whole p l o t s  and f e r t i l i z e r  
treatments the  subplots. Data were analyzed by 
analys is  of covariance with man annual diameter 
growth f o r  t h e  ?-year period ~ r i o r  t o  treatment 
(1970-1974) as t h e  covariate.  Differences among 
adJusted treatment mans  were t e s t e d  using s 
multiple range t e s t .  

Red and white oak sample t r e e s  produced an 
i m e d i a t e  pos i t ive  response t o  thinning and t h e  
r a t e  of annual diameter g r o d h  generally increased 
tkxoughout t h e  ?-year period of t h e  study (!Table 
2 ) .  Levels of response were greater and more 
apparent i n  t h e  f i f t h  through seventh years when 
f e r t i l i z e r  response declined and growth r a t e s  of 
nonthinned t r e e s  slowed t o  pretreatment l eve l s  o r  
l e s s .  

Tabie 2 .  Kean wnuel diameter grcwth rerpocse of re& ace( white C&S tt t h i r n i n e ' .  

diameter growth of thinned ;md nonfer t i l ized white 
oaks were coxbinulng t o  increase through 1981 
while noatlzinaed and nozfer t i l ized t r e e s  were con- 
t inuing t o  grow iLt pretreatment l eve l s  ( P i g .  21. 
Grcwkh w i l l  probsz7;Ly decline a s  crowcling and coa- 
peLitioc increase i n  t h e  overstocked stands.  The 
same general pa t t e rn  of response i s  a l so  indi- 
cated f o r  the  red oaks. 

Differences i n  ear ly  l eve l s  of response t o  
thinning by red  and white oaks are  probably due 
t o  d i f fereaces  i n  i n i t i a l  crown s i ze  and con+ 
p e t i t i v e  pos i t ion  i n  these  overstocked stands.  
On the  same s i t e ,  northern red and black oaks 
usually average a s i t e  index 7 o r  more f e e t  
greater than white oak. The red oaks a t t a i n  
dominant crown posit ions and develop and claintain 
r e l a t i v e l y  large  crowns. In overstocked s t a d s ,  
most white oaks occupy lower crown posi t ions  and 
w i l l  su f fe r  continuous reduction i n  crown size 
due t o  crowding, but w i l l  p e r s i s t  fo r  many years 
with very Low r a t e s  of growth. As indicated by 
t h e  consistent  decline i n  diameter growth p r i o r  
t o  thinning ( f i g .  2 )  , a l l  t r e e s  needed re l ease ,  
but t h e  red  oaks were generally i n  b e t t e r  con- 
d i t ion  t o  respond than were white oak. Apparent- 
l y ,  t o  maintain reasonably acceptable r a t e s  of 
diameter growth, white oak crop t r e e s  require re-  
lease  from crown competition e a r l i e r  than red oaks 
and ce r t a in ly  before they suffer  apprciable l o s s  
i n  crown s i ze .  

UanLninneG T % ~ n n e d  - S e - t S i r e d  -- '%inned 
Year 

G r o k ~ b  Grcvth Fiesponoe S r o - d k G r o ' w t h  R e s ~ o n s e  

- - - inches - - - 4 - - - 3 1  c:>es - - - Z 

i/ Eats average6 over ell fertilizer rates w,d eii:,;sted for di i ' f e re~oes  li 
dlmte?er gmwti; using t h e  ";year period before Lkinring. 

g/ Percent :rcrerise of thinzed ever ncnthlnneu. 

3; StatiirLiciilLy s i g r i i f i c a i i t ;  " =P ( . C 5 ;  ** =P C.3; 

I; ?dean annual gro'stn fqr 1~8C w.6 LSBJ.. 

Diitmeter growth r a t e s  of thinned red oaks vere 
s ign i f i can t ly  greater than r a t e s  of  nonthinned 
t r e e s  from t h e  t h i r d  through the  seventh yem and 
averaged a 60 percent increase fo r  the  si.rl;h and 
seventh years. Over t h e  ?'--year period,  thinning 
increased red  oak d i m e t e r  growth by abourt 30 
percent. 

White oak responded posi t ive ly  t o  thinning,  
but t the  l e v e l  of response was lower than observed 
fo r  the  red oaks  able 2 ) .  Differences i c  dia- 
meter grok%k between thinned and nonthinned white 
oaks were at or  near s i s i f i c a n t  levels fo r  6 of 
the  7 years,  and growth of thinned t r e e s  averaged 
about 24 percent greater than nonthinned t r e e s  fo r  
t h e  s i x t h  and seventh years.  ABhough i n i t i a l  
response of white oak t o  thinning was small, 
differences between thinned and nonthinned t r e e s  
should increase over t h e  next severa l  years.  Annual 

Perti1iza"con s ign i f i can t ly  increased dia- 
meter growth of both red and white oaks over t h e  
?-year period of t h e  study,  but the  response 
varied between species and was influenced by t h e  
thinning trea%nent ('Table 3) . 

Red oaks.--Thinned red oaks produced t h e  
greates t  ove ra l l  response t o  f e r t i l i z a t i o n  and 
were t h e  most responsi-re t o  the  higher l eve l .  
Those f e r t i l i z e d  a t  t he  400 l b  N l e v e l  were t h e  
only t r e e s  t o  produce a s i ~ i f i c a n t  response t h e  
s i x t h  and seventh years a f t e r  t r e a t m e d .  

For t h e  7-year period,  mean d i m e t e r  growth 
of thinned,  f e r t i l i z e d  red oaks averaged 26 per- 
cent more than growth of nonfer t i l ized t r e e s  f o r  
t h e  200 Lb treatment and 76 percent more f o r  t h e  
400 l b  l eve l .  Xonthinned red oaks a lso  responded 
t o  f e r t i l i z a t i o n  with increases of 32 t o  36 per- 
cent over the nonfer t i l ized t r e e s .  Nonthinned 
t r e e s  produced a greater  response t o  the  400 I b  
treatment t h e  f i r s t  2 years following t r e a t m n t ,  
bat  t h e  response was about equal t o  t h e  208 Ib 
treatment f o r  t h e  remainder of t h e  study. 

P.iaxiil?m response t o  f e ~ i l i z a t i o n  occurred 
d w i a g  %he first  2 years a f t e r  treatment. Res- 
ponse declined annually, but remined s ign i f i can t ly  
greater  than nonEertiLized t r e e s  through t h e  f i f t k  
year,  Only t h e  thinned red oaks 400 l b  t r e a t m d  
produced a s igni f icant  response over t h e  s i x t h  and 
seventh years.  
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Pigme 2.--Mean annuel d i ~ m e t e r  growth sf n o n h r t i l i z e d  red  and whir,e oak crop t r e e s  before and a f t e r  t h inn i r ig  

Over t h e  ?-year per iod ,  growth response t o  
f e r t i l i z a t i o n  for thinned red oaks meraged about 
40 percent ,  s l i g h t l y  lower than  the  response re- 
ported f o r  northern red oak i n  thinned stands i n  
Hew York ( ~ a r n i n g  1972) and higher than reported 
f o r  th inned black 0aks i n  the F1-;ssovri Ozarks 
(watt 1974).  Seven-year increases i n  d i m e t e r  
growth of  nonzhinned red  oaks i n  t h e  present  study 
averaged 3L percent which was s l i g h t l y  lower than  
observed for red oaks i n  the Tennessee Valley 
(~arz~er e t  a1, 1970) and s l i g h t l y  higher than  
increases  for northern r e d  osck i n  West Virginia 
( ~ m s o a  1978, 1980) and s c a r l e t  oak i n  Penns~rlvania 
('Ward and ~ W ~ F S O X  l97O). 

'&ite oak,--In cont ras t  t o  red oaks, th ianed 
white oak was much l e s s  sens i t i t re  t o  t h e  two levels 
of N f e r t i l i z a t i o n .  Bath produced about the same 
increase ,  30 percent (!Fable 3). Thinned w h i t e  oak 
a t  "i;e 400 Ib l e v e l  d id  no% produce a signlfiear; t  
response over the  200 Ib appi iea l ion  r a t e  until the 
fifth year following treatment, ConverseLy, non- 
thinned w"ni-I;e oak responded s i g n i f i c a n t l y  more l o  
t he  400 2b treatment than to 280 Ib, and al~eraged 
a 34 percent  increase over growth sf nonfe r t i l i z ed  
t r e e s  over %he e n t i r e  ?-year period.  

&i"c oak also prodwed EL maximurn response t o  
f e r t i l i z a t i o n  during the  f i r s t  2 years following 
treatment.  Afier t h e  second yea r ,  response t o  
f e r t i l i z e r  declined ann i~a l iy ,  but remained signi-  
f i can t  though  the f i f t h  year wi%h thinned and 

nonthinned t r e e s  f e r t i l i z e d  a t  t h e  400 lb r a t e  
producing t h e  p e a t e s t  response. Mean diameter 
gro&h f o r  years 6 and 7 was about t h e  same f o r  
a l l  t reatments  able 3) .  

Mean ?-year response of t h e  thinned and non- 
thinned t r e e s  t o  t h e  f e r t i l i z e r  t reatments was 
about 29 percent ,  nearly t h e  same a s  5-year re-  
sponses reported f o r  f e r t i l i z e d  white oak i n  
Pennsylvania ( ~ a r d  and Bowersox 1970) but only 
abou"iha1f of t h e  ?-year responses observed f o r  
white oak i n  t h e  Tennessee Valley ( ~ a r m e r  e t  a l .  
3-970 1 

DISCUSSION 

Overall  response of  red and white oaks t o  
f e r t i l i z a t i o n  was reduced by t h e  general  l a ck  of  
response during a severe drought i n  2.990 and t h e  
i n a b i l i t y  t o  recover d w i n g  t h e  very wet growing 
season of 1981, Growth of a l l  s tudy t r e e s  was 
affected t o  some ex ten t ,  but nonthinned f e r t i l i z e d  
t r e e s  suffered the  g rea t e s t  reduct f ons i n  gro.rzth. 

F e r t i l i z e d  nonthinned white oak had g rea t e r  
diaraeter e o w t h  than  nonfe r t i l i z ed  t r e e s  i n  1977 
and 1978 but decrease3 t o  about t h e  same l e v e l  as 
t h e  aonfert lLized t r e e s  during t h e  1980-81 pow- 
ing seasons (Table 3 ). Thinned v h i t e  oak Ser t  i- 
Lized 8t t h e  400 lb l e v e l  maintained t h e  same r a t e  
of d i a e t e r  groa;h, b u h e r e  overtaken by t h e  



li 
Table 3. Mean annual d iameter  growth response  t o  f e r t i l i z a % i o n  f o r  t h inned  a d  nonthinned r e d  and whi te  oaks- 

Thinned Northinned 

F e r t i l i z e r  Treatment F e r t i l i z e r  Treatment 

Year E o n f e r t i l i z e d  2C.O Lb ~ C G  Ib i $on fe r t i l i z ed  203 l b  i 0 0  1b 

Crowt h Growth l?esponsdi  Growth gesponse Growtn Growth Fesponse Growth Response 

- - - inches  - - - - inches  2' - - -  inches  - - - - inches  % 

RE!: SMS 

Mean 0.134~1 0.169b 26 0 . 2 0 9 ~  5 6 0.107a 0.141b 32 0.146'6 36 

TVHITE OAK 

1/ Data ad ju s t ed  f o r  d i f f e r e n c e s  i n  d iameter  growth du r ing  t h e  5-yew pe r iod  be fo r e  t r e a tmen t .  - 
2/ Percent  i nc r ea se  over  nonfer",lized t r e a tmen t .  - 
3/  Values i n  rows followed by t h e  same l e t t e r  a r e  not  s i gn i f i cnnL ly  d i f f e r e n t  a t  t h e  0.05 l e v e l  - 
4/ Mean annual  d iameter  growth f o r  i980 and 1981. - 

nonfe r t i l i z ed  t r e e s  which ac tua l ly  increased i n  
r a t e  of diameter growth i n  1980-81. Diameter growth 
f o r  nonthinned and nonfe r t i l i z ed  white oak t r e e s  
over t he  11-year period 1971-81 indica tes  t h e  
spec ies '  a b i l i t y  t o  survive and grow i n  dense stands 
f o r  long periods.  Though general ly i n  a l e s s  con- 
pe t  it ive crown pos i t  i on ,  subjected t o  intense crowd- 
ing  and competition, and possessing very small 
crowns, white oak maintained a f a i r l y  cons is ten t  
r a t e  of  diameter growth over t h e  11-year period.  

Nbnthinned red  oaks, on t h e  o ther  hand, were 
much more sens i t i ve  t o  competition and crowding and 
declined i n  diameter growth each year following the  
wetter-than-normal growing seasons of 1967-69. The 
d i f ferences  i n  response f o r  thinned and nonthinned 
red  oak f e r t i l i z e d  t r e e s  during 1380-81 suggests 
t h a t  e f f ec t ive  crown r e l ea se  of f e r t i l i z e d  t r e e s  
may increase t h e  d u r ~ t i o n  of t h e  growth response 
t o  f e r t i l i z a t i o n .  While diameter growth of non- 
thinned red oaks f e l l  below t h e  pretreatment l eve l  
during 1980-81, thinned red  oaks r emined  above 
t h i s  l eve l .  Thinned red oaks t h a t  had been f e r t i -  
l i z e d  showed a 20 percent grea ter  growth than 
nonfert  i l i z e d .  

The 7-yew r e s u l t s  of t h i s  study indica te  t h a t  
diameter growth of pole-sized red  and white oaks can 
be increased by t h i n n i ~ g  and/or f e r t i l i z a t i o n .  In  
overstocked s tands ,  where crop t r e e s  have been sub- 
jected t o  extended periods o f  severe crowding, 
thinned t r e e s  w i l l  general ly produce a pos i t i ve  
response within 1 o r  2 years a f t e r  t reatment but 

s ign i f i can t  response t o  th inning  may be delayed 
severa l  years.  Annual diameter measurements taken  
i n  conjunction with an oak growth and y i e l d  study 
i n  t h e  Boston Mountain a r ea  i nd i ca t e  t h a t  free-to-  
grow red  and white oak crop t r e e s  i n  40- t o  70- 
year-old stands on medium s i t e s  should average 
about 0.20 t o  0.25 inch diameter growth per  year .  
To a t t a i n  these  growth r a t e s ,  thinnings should be 
i n i t i a t e d  before stands become overstocked and 
crop t r e e s  s u f f e r  appreciable reductions i n  crown 
s i ze .  F e r t i l i z a t i o n  with N and P can a l so  in- 
crease diameter growth of red  and white oak crop 
t r e e s  and t h e  increased growth r a t e  w i l l  p e r s i s t  
about 5 years.  Red oaks w i l l  respond t o  l a r g e r  
appl ica t ions  of  N than  white oak and t h e i r  re- 
sponse may continue beyond 7 years when f e r t i -  
l i z a t  ion and t binning treatments a r e  combined. 

Although d i f ferences  i n  diameter growth 
between f e r t i l i z e d  and nonfe r t i l i z ed  treatments 
were s t a t i s t  i e a l l y  s ign i f i can t  it is  doubtful  t h a t  
t h e  7-yeas cwnulative increase i n  diameter (0.2 t o  
0.5 inch) would j u s t i f y  t h e  cost  of a s ing l e  com- 
mercial  f e r t i l i z e r  appl ica t ion  i n  these  i n t e r -  
mediate-aged stands.  In  considering s i l v i c u l t u r a l  
investments on these  s i t e s  regula t ion  of s tand  
dens i ty  i n  younger stands should have f i r s t  
p r i o r i t y .  
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A GROWTH AP.7D YIELD MODEL FOR USTHLNE3ED SLASH PINE PWTATIOMS 

INFECTED MITE F U S I F O ~  RUST&/ 

21 
Warren I,. Nance, Ronald C. F r o e l i c h ,  Tornmy R. D e l l ,  and Eugene Shoulders- 

Abstract.--Yield p r e d i c t i o n s  under d i f f e r e n t  l e v e l s  of 
fus i fo rm r u s t  a r e  e s s e n t i a l  i n  t h e  development of management 
s t r a t e g i e s  f o r  d i seased  p l a n t a t i o n s .  A modi f ica t ion  of an 
e x i s t i n g  y i e l d  system i s  presen ted  which p r e d i c t s  the  growth 
and y i e l d  of i n f e c t e d  s l a s h  pine p l a n t a t i o n s  southwide. The 
new model was used t o  e v a l u a t e  some a l t e r n a t i v e  management 
schemes designed t o  reduce t h e  y i e l d  l o s s  d i r e c t l y  a t t r i b u t -  
a b l e  t o  fusiform r u s t ,  

INTRODUCTION 

Yield p r e d i c t i o n  systems a r e  e s s e n t i a l  t o  
f o r e s t  managers because they al low them t o  e v a l u a t e  
t h e  e f f e c t  of var ious  management p r a c t i c e s  on t h e  
growth and y i e l d  of f o r e s t  s tands .  The f o r e s t  
manager a r r i v e s  a t  management s t r a t e g i e s  by 
cons ider ing  t h e  c o s t  of some management p r a c t i c e  
weighed a g a i n s t  i t s  p o t e n t i a l  b e n e f i t s  i n  t e r n s  of 
growth and y ie ld .  

Unfortunately,  y i e l d  p r e d i c t i o n  systems have 

South. There a r e  s e v e r a l  y i e l d  p r e d i c t i o n  systems 
a v a i l a b l e  f o r  p l a n t a t i o n s  of both s p e c i e s ,  but  they 
do not cons ider  a r u s t  l e v e l  parameter. 

Without a  y i e l d  p r e d i c t i o n  system f o r  i n f e c t e d  
p l a n t a t i o n s ,  t h e  f o r e s t  manager cannot develop 
r a t i o n a l  and economic d i s e a s e  management s t r a t e g i e s  
t o  minimize t h e  impact of t h e  d i sease .  For 
example, how can he e s t i m a t e  t h e  y i e l d  l o s s  l i k e l y  
t o  r e s u l t  i n  h i s  i n f e c t e d  p l a n t a t i o n s  i f  he t a k e s  
no a c t i o n  a g a i n s t  t h e  d i sease?  Can he j u s t i f y  t h e  
c o s t  of some c o n t r o l  measure when he cannot p r e d i c t  

no t  been a v a i l a b l e  f o r  p l a n t a t i o n s  of s l a s h  (Pinus t h e  y i e l d  b e n e f i t  l i k e l y  t o  r e s u l t  from i t s  use? 
e l l i o t t i i  Engelm. var ,  e l l i o t t i i )  o r  l o b l o l l y  pine 
(P. t aeda  L.) i n f e c t e d  wi th  fusiform r u s t  To approach t h i s  problem we modified an 
(Cronartium quercuum Berk Miyabe ex  S h i r a i  f .  sp. e x i s t i n g  growth and y i e l d  model t o  incorpora te  a 
fus i fo rme) ,  The d i s e a s e  is  widespread throughout r u s t  l e v e l  parameter a s  one of t h e  c o n t r o l l i n g  
t h e  p l a n t i n g  range of both s p e c i e s  and r e p r e s e n t s  a v a r i a b l e s  used by t h e  model t o  generate  p r e d i c t e d  
major management problem i n  c e r t a i n  a r e a s  of t h e  y i e l d s .  A previous paper (Nance e t  a1.1981) 

d e t a i l e d  the  e f f e c t s  of the  d i sease  on t h e  growth 

11 Paper presented a t  Southern S i l v i c u l t u r a l  
~esea';rch Conference, A t l a n t a ,  Georgia, November 4- 
5 ,  1982. 
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and y i e l d  of 187 unthinned research  p l o t s  of s l a s h  
pine i n  Louisiana and Miss i ss ipp i .  I n  t h i s  paper ,  
we extend t h a t  work by ana lys ing  a  combined d a t a  
s e t  taken from i n s t a l l a t i o n s  ranging from western 
Louisiana t o  South Carol ina.  The o b j e c t i v e s  a r e :  
( I )  modify an e x i s t i n g  growth and y i e l d  p r e d i c t i o n  
system f o r  unthinned s l a s h  pine t o  provide 
f o r e c a s t s  under a l t e r n a t e  l e v e l s  of fus i fo rm r u s t ,  
(2 )  e v a l u a t e  t h e  new system by comparing p r e d i c t e d  
and witnessed y i e l d s  f o r  p l o t s  covering a  wide 
range of c i rcuus tances ,  and (3) demonstrate how t h e  
model can be used t o  answer important management 
ques t ions  f o r  i n f e c t e d  s l a s h  pine p l a n t a t i o n s .  



DATA BASE 

The s l a s h  pine d a t a  base f o r  t h e  a n a l y s i s  
c o n s i s t s  of two s e t s .  Se t  A involves 100 p l o t s  from 
M i s s i s s i p p i  and 87 p l o t s  from Louisiana measured 
p e r i o d i c a l l y  f o r  r u s t  i n f e c t i o n  and growth f o r  20 
years ,  Deta i led  d e s c r i p t i o n s  of t h e s e  d a t a  appear 
i n  Shoulders  (1976), Shoulders and !Talker (1979), 
and Nance e t  a1,(1981). These d a t a  were analysed 
e x t e n s i v e l y  i n  t h e  l a t t e r  re fe rence ,  

S e t  B  c o n s i s t s  of 281 s l a s h  pine p l o t s  from 
Alabama, Georgia, F l o r i d a  and South Carol ina.  
These d a t a  a r e  p a r t  of a  comprehensive growth and 
y i e l d  s tudy  i n s t a l l e d  by Union Camp Corporat ion 
beginning i n  1973. These 281 p l o t s  were 
p e r i o d i c a l l y  measured f o r  r u s t  i n f e c t i o n  and growth 
f o r  17 years .  

The s i t e  indexes (base  age 25, es t imated  from 
an equa t ion  presen ted  by F a r r a r ,  1973) ranged from 
25 t o  80 f e e t  wi th  a  mean of 62 f e e t  i n  s e t  A and 
25 t o  78 f e e t  wi th  a  mean of 54 f e e t  i n  s e t  B,  
P l a n t i n g  d e n s i t y  (number of t r e e s  p lan ted  per  a c r e )  
was 1,210 f o r  a l l  p l o t s  i n  s e t  A and ranged from 
100 t o  1,100 f o r  s e t  B. Establishment d e n s i t y  
(number of l i v i n g  t r e e s  per  a c r e  a t  age 5) ranged 
from 600 t o  1,210 f o r  s e t  A with a  mean of 996, and 
i n  s e t  B ranged from 80 t o  1,000 wi th  a  mean of 
406. There were e i t h e r  64 ( M i s s i s s i p p i )  o r  49 
(Louisiana)  measured t r e e s  per  p l o t  i n  s e t  A and 25 
measured t r e e s  per  p l o t  i n  s e t  B,  

The percentage of l i v i n g  t r e e s  wi th  a  fus i fo rm 
r u s t  stem canker a t  age 5  ranged from 0  t o  32 i n  
s e t  A wi th  a  mean of 4 ,  and i n  s e t  B ranged from O 
t o  76 wi th  a  mean of 18. The cumulative percentage 
of e s t a b l i s h e d  t r e e s  t h a t  had d ied  wi th  a  stem 
canker by age 20 i n  s e t  A ranged from 0  t o  44 wi th  
a  mean of 14, and i n  s e t  B ranged from 0  t o  78 wi th  
a  mean of 21 by age 17. 

MODELING BACKGROUND 

The p l a n t a t i o n  y i e l d  system we modified i s  
described i n  i t s  o r i g i n a l  form i n  D e l l  e t  a 1  (1979) 
and was implemented i n  a  computer program c a l l e d  
USLYCOWG (Enthinned S l a s h  and Lobfo l ly  Y i e l d s  f o r  
Cute-ver s i t e s  f n  t h e  Western G u l f ) .  Although t h e  - 
o r i g i n a l  model covered both s l a s h  and l o b l o l l y ,  
t h i s  r e p o r t  covers  only t h e  modi f ica t ions  requ i red  
f o r  i n c o r p o r a t i n g  fus i form r u s t  i n t o  t h e  s l a s h  pine 
model. Data used t o  c o n s t r u c t  t h e  USLYCOWG model 
d i d  n o t  involve s i g n i f i c a n t  l e v e l s  of r u s t ,  

The USLYCOWG model.--The USLYCOWG p r e d i c t i o n  system 
can be b r i e f l y  described i n  f u n c t i o n a l  form a s  
follows. For an unthinned s l a s h  pine p l a n t a t i o n ,  
i t  is assumed t h a t  t h e  c u r r e n t  y i e l d  (Y) can be 
pred ic ted  u s i n g  only t h r e e  parameters: the  age of 
t h e  p l a n t a t i o n  i n  years  (Ap), the  number of l i v i n g  
t r e e s  per  a c r e  a t  t h a t  age (TL), and t h e  mean 
he igh t  of t h e  dominant and codominant t r e e s  i n  t h e  
p l a n t a t i o n  a t  t h a t  age (HD). I n  f u n c t i o n a l  form 
t h i s  appears  as :  

This form i s  not concerned with f o r e c a s t i n g  y i e l d s ,  
s i n c e  both HD and TL must be known a t  t h e  age of 
i n t e r e s t ,  Ap. However, i f  p red ic ted  va lues  f o r  MD 
and TL a t  age Ap a r e  s u b s t i t u t e d  i n  p lace  of known 
va lues ,  the  model can be used t o  f o r e c a s t  y i e l d s .  

I n  t h e  case  of ND, pred ic ted  values can be 
generated i f  one has an es t imate  of the  s i t e  
index (SI) of t h e  p l a n t i n g  s i t e .  The p r e d i c t e d  
mean dominant and codominant he igh t  i s  s imply 
a  func t ion  of two parameters: 

I n  t h e  case of s u r v i v a l ,  p red ic ted  va lues  can 
be generated u s i n g  a  s u r v i v a l  func t ion  t h a t  
r e q u i r e s  one t o  know s i t e  index (SI ) ,  t h e  number of 
t r e e s  per  a c r e  i n i t i a l l y  p lan ted  on t h e  s i t e  (Tp), 
and t h e  p r o j e c t i o n  age (Ap) : 

Hence, i n  t h e  f o r e c a s t i n g  mode t h e  USLYCOWG 
model simply rep laces  known values of HD and TL 
wi th  p r e d i c t e d  va lues  generated by t h e  a p p r o p r i a t e  
p r e d i c t i o n  equa t ion ,  and t h e  f u n c t i o n a l  form f o r  
f o r e c a s t i n g  y i e l d  appears as :  

Y f (SI ,  Tp, Ap) 

Modif icat ions f o r  fusiform rust.--Previous work by 
Nanee e t  a1.(1981) d e t a i l e d  some of t h e  e f f e c t s  of -- 
fus i form r u s t  assoc ia ted  m o r t a l i t y  on t h e  growth 
and development of p l a n t a t i o n s  u s i n g  s e t  A. The 
primary e f f e c t  was t o  lower t h e  number of s u r v i v i n g  
t r e e s  from t h a t  expected without  d i sease .  The 
genera l  form of the  s u r v i v a l  func t ion  we developed 
i n  t h a t  work was: 

TL = f(T5,  Ram, Ap) (5) 

where: Tg = number of surv iv ing  t r e e s  on t h e  s i t e  
a t  age 5 

Ap = age of t h e  p l a n t a t i o n  i n  years  
Ram = t h e  cumulative propor t ion  of t r e e s  

t h a t  died wi th  a  stem canker by age Ap 

Note t h a t  Tp of equat ion 3 was replaced wi th  Tg 
( t h e  establ ishment  d e n s i t y )  and SI was e l imina ted  
because i t  cont r ibu ted  l i t t l e  t o  t h e  p r e d i c t i o n  of 
TL. Also no te  t h a t  t h i s  s u r v i v a l  func t ion  is  no t  
u s e f u l  i n  f o r e c a s t i n g  y i e l d s  s i n c e  Ram must be 
known a t  age Ape 

To make t h e  s u r v i v a l  func t ion  u s e f u l  i n  
f o r e c a s t i n g  y i e l d s ,  one must incorpora te  a  
p r e d i c t o r  of Ram i n t o  t h e  system t h a t  can be 
employed e a r l y  i n  t h e  l i f e  of t h e  s tand.  This  is 
s p e c i f i e d  i n  t h e  fol lowing f u n c t i o n a l  form: 



Table 2.--Comparison of observed and p r e d i c t e d  survdval  us ing  Ram and Sg f o r  
a l l  measurement ages,  

Data 1 / 2 / 3 / 4 1 
Model Base Observations B1 B2 r Bias  Std. Er ror  

I /  For s e t  A ,  based on measurements a t  ages 10, 15, and 20 f o r  187 p l o t s ,  and - 
f o r  s e t  B based on ages 8 ,  11,  14, and 17 f o r  281 p l o t s .  

2 1  r = simple c o r r e l a t i o n  between observed and pred ic ted  number of surv iv ing  - 
t r e e s  per  ac re .  

3/ Bias  = - x 100 
observed s u r v i v a l  

4 /  Std,  Er ror  = standard d e v i a t i o n  of (observed - pred ic ted  ) s u r v i v a l  I n  - 
t r e e s  per  a c r e  (T/A)  u n i t s ,  

5f Ram = t h e  cumulative propor t ion  of t r e e s  l i v i n g  a t  age 5 t h a t  subsequently - 
died with a  stem canker. 

61 Sg = t h e  p ropor t ion  of t r e e s  l i v i n g  a t  age 5 wi th  a  stem canker. - 



A 

Ram = f(Tg,  Sg, Ap) ( 6 )  

where: Sg = t h e  p ropor t ion  of t r e e s  l i v i n g  wi th  a  
stem canker a t  age 5 

S u b s t i t u t i n g  p r e d i c t e d  Ram f o r  a c t u a l  Ram i n  
equa t ion  5 y i e l d s  t h e  fo l lowing  s u r v i v a l  model form 
which we f i t  i n  t h i s  paper: 

This  f u n c t i o n  a l lows  t h e  f o r e c a s t i n g  of y i e l d s  
f o r  i n f e c t e d  p l a n t a t i o n s  u s i n g  t h e  fo l lowing  
f u n c t i o n a l  form: 

The above s t r a t e g y  depends upon t h e  assumption 
t h a t  cur ren t  y i e l d  can be pred ic ted  by equat ion 1 
r e g a r d l e s s  of r u s t  h i s t o r y .  This is  v e r i f i e d  i n  
t h e  next  s e c t i o n .  

MODELING RESULTS 

I n  a  previous work, i t  was found t h a t  c u r r e n t  
volumes a t  age 20 f o r  a l l  p l o t s  ( r e g a r d l e s s  of r u s t  
h i s t o r y )  i n  s e t  A could be pred ic ted  a c c u r a t e l y  by 
t h e  unmodified USLYCOWG system i f  observed HD and 
TL values a t  age 20 f o r  each p l o t  were input  a s  
a r p m e n t s  t o  equa t ion  1 (Nance e t  a 1  1981). These 
r e s u l t s  a r e  shown i n  Table 1 ,  a long wi th  t h e  

Table 1.--Conparison of observed and pred ic ted  
volumes and q u a d r a t i c  mean diameters f o r  two d a t a  
s e t s  u s i n g  known HD and TL values a t  age 17 o r  20 
a s  input  t o  USLYCOWG, 

DATA NO, VARIABLE l-/ 2 1 
BASE AGE PLOTS PREDICTED r BIAS- 

y r s .  X 
3 1 

SET A 20 187 VOLUEE 0.91 2.18 
4 1 

20 187 QmBH 0.90 1.33 

SET B 17 281 VOLUNE 0.98 4.12 

I /  r denotes t h e  s imple c o r r e l a t i o n  between - 
observed and pred ic ted  values of t h e  response 
v a r i a b l e ,  

2 1  BIAS Z = ( ( p r e d i c t e d  - observed)/observed) x 100 - 
3 f  Volume = 0,0339 + 8,0026(d,b.he2 x HEIGHT) f o r  - 

a l l  t r e e s  ( M o e h r i n g s &  1973). 

41 QMIlBN = q u a d r a t i c  mean d,b,h, ,  o r  t h e  d,b,h. of - 
t h e  t r e e  wi th  average b a s a l  a rea ,  

corresponding r e s u l t s  f o r  s e t  R. From t h e s e ,  it i i  

c l e a r  t h a t  t h e  fundanental  component of t h e  
USLYCOi4C system need no t  be modified f o r  fus i fo rm 
r u s t .  Each of t h e  d a t a  s e t s  involves a  wide range 
of r u s t  h i s t o r i e s ,  but volumes and diameters  a r e  
p red ic ted  e s s e n t i a l l y  a s  w e l l  a s  the  d a t a  s e t  used 
t o  v a l i d a t e  t h e  o r i g i n a l  model. 

Now cons ider  t h e  case  when s u r v i v a l  must be 
pred ic ted ,  We found i n  t h e  p resen t  s tudy  t h a t  t h e  
fol lowing s p e c i f i c  equa t ions  s p e c i f y  t h e  concepts  
dep ic ted  by equat ions 5 and 7 :  

and 

where B1 and R2 i n  both equat ions a r e  c o e f f i c i e n t s  
t o  be es t imated ,  

The values of B 1  and B2 f o r  both s u r v i v a l  models 
f o r  these  d a t a  were es t imated  by l i n e a r  r e g r e s s i o n  
a f t e r  logar i thmic  t rans format ion  of t h e  above 
equa t ions ,  and they appear i n  Table 2.  Both model 
generate  p red ic ted  s u r v i v a l s  t h a t  match w e l l  wi th  
t h e  observed values f o r  both d a t a  s e t s .  As one 
would expect ,  t h e  Ram model f i t s  b e t t e r  than t h e  S 
model. 

tde incorpora ted  t h e s e  new s u r v i v a l  f u n c t i o n s  
(equa t ions  9 and 10 us ing  t h e  t h e  o v e r a l l  
c o e f f i c i e n t s )  i n t o  USLYCOWG along wfth s e v e r a l  
p r o g r a m i n g  n o d i f i c a t i o n s  designed t o  make t h e  
program i n t e r a c t i v e  and easy t o  use. The new 
program may be used f r e e  of charge v i a  commercial 
te lephone access  t o  t h e  F o r e s t  Service computer a t  
Gul fpor t ,  Miss i ss ipp i .  

The modified USLYCOWG program was executed 
s e v e r a l  thousand times i n  t h e  process  of g e n e r a t i n  
s tand  t a b l e s  f o r  r u s t  i n f e c t e d  s l a s h  p ine  
p l a n t a t i o n s ,  and t h e  y i e l d s  f o r  a  range of 
d e n s i t i e s  and Sg r u s t  l e v e l s  f o r  t h r e e  d i v e r s e  sit1 
indexes a r e  given i n  Table 3. 

APPLICATIONS 

Table 3 gives a  broad perspec t ive  of how 
var ious  combinations of t h e  f o u r  input  v a r i a b l e s  
($1,  Tg, $5, and Ap) i n t e r r e l a t e  t o  a f f e c t  expecte  
numbers of surv iv ing  t r e e s  and t h e i r  cub ic  f o o t  
y i e l d s .  Using values from t h i s  t a b l e ,  s e v e r a l  
concepts a r e  exposed t h a t  need t o  be considered i n  
a r r i v i n g  a t  d i s e a s e  management schemes f o r  f u s i f o r i  
r u s t  i n f e c t e d  p l a n t a t i o n s  of s l a s h  pine.  

-When 

p l a n t a t i o n s  i n  a r e a s  where fughform r u s t  i n f e c t i o n  



i s  comon,  t h e  manager can manipulate  Tg and/or  Sg 
i n  o r d e r  t o  reduce the  impact of f u s i f o m  r u s t  on 
f u t u r e  y i e l d s .  Increas ing  t h e  number of p lan ted  
t r e e s  per  a c r e ,  o r  any o t h e r  a c t i v i t y  t h a t  would 
r a i s e  Tg, would tend t o  compensate f o r  t h e  
a d d i t i o n a l  m o r t a l i t y  expected i n  t h e  presence of 
r u e t .  A second a l t e r n a t i v e  would be t o  lower Sg 
pr imar i ly  through t h e  use  of g e n e t i c a l l y  r e s i s t a n t  
p l a n t i n g  s t o c k ,  but  perhaps a l s o  through oak 
e r a d i c a t i o n ,  pruning, o r  t h e  a p p l i c a t i o n  of 
fungic ides .  The dua l  approach of i n c r e a s i n g  T5 and 
lowering S5 a t  t h e  same t i m e  i s  a  t h i r d ,  and 
perhaps more d e s i r a b l e ,  a l t e r n a t i v e .  Table 4 
d e t a i l s  some o p p o r t u n i t i e s  f o r  i n c r e a s i n g  y i e l d s  i n  
p l a n t a t i o n s  wi th  s i t e  indexes of 60 and 80 f o r  a l l  
t h r e e  a l t e r n a t i v e s .  

Table 4 shows t h a t  d i s e a s e  management 
s t r a t e g i e s  designed around t h e  adjustment of T5 
alone would appear t o  be n o s t  v i a b l e  i n  low t o  
medium ( l e s s  than 40 percent  Sg) r u s t  hazard a reas .  
For example, f o r  p l a n t a t i o n s  wi th  s i t e  index 80 
where Sg equa ls  80 percen t ,  t h e  p o t e n t i a l  y i e l d  
ga in  through 20 years  from r a i s i n g  T5 from 400 t o  
800 t r e e s  per  a c r e  is  only 580 cubic  f e e t  per  ac re ,  
However, t h e  p o t e n t i a l  y i e l d  gain from r a i s i n g  T5 
from 400 t o  800 t r e e s  per  a c r e  wi th  40 percent  Sg 
on t h e  same s i t e  i s  1,129 cubic  f e e t  per  ac re .  I n  
high hazard a r e a s ,  i t  may be i m p r a c t i c a l  t o  
e s t a b l i s h  more t r e e s  per  a c r e  because most of them 
w i l l  become i n f e c t e d  and subsequently d ie .  

Disease management s t r a t e g i e s  f o r  high hazard 
a r e a s  must involve lowering Sg, e i t h e r  a lone  o r  i n  
concert  wi th  i n c r e a s i n g  T5. Whenever Sg i s  lowered 
without  i n c r e a s i n g  T5, t h e  p o t e n t i a l  f o r  y i e l d  ga in  
i s  h igher  on t h e  more hazardous s i t e s .  For 
example, lowering S5 from 40 t o  0 where t h e  s i t e  
index is 80,  wi th  Tg equa l  t o  400 t r e e s  per  a c r e ,  
r e s u l t s  i n  a  y i e l d  gain of only 909 cubic  f e e t  p e r  
a c r e  compared t o  a  p o t e n t i a l  ga in  of 1,243 cubic  
f e e t  per  a c r e  when $5 is lowered from 80 t o  40 
percent  on t h e  same s i t e  wi th  t h e  same T5. This  
d i f f e r e n t i a l  e f f e c t  is brought about by t h e  f a c t  
t h a t  t h e  r e l a t i v e  c o n t r i b u t i o n  of an i n d i v i d u a l  
t r e e  t o  s t a n d  y i e l d  increases  a s  d e n s i t y  decreases,  

The combined s t r a t e g y  of i n c r e a s i n g  T5 and 
lowering $5 o f f e r s  t h e  h i g h e s t  p o s s i b l e  y i e l d  ga in ,  
e s p e c i a l l y  on t h e  b e t t e r  s i t e s .  For example, i n  
p l a n t a t i o n s  wi th  s i t e  index of 40, wi th  T5 equa l  t o  
400 t r e e s  per  a c r e  and Sg equa l  t o  80 percen t ,  
expected y i e l d  per  a c r e  a t  age 20 is  249 cubic  f e e t  
per  a c r e ,  I n c r e a s i n g  T5 t o  1,200 and lowering S g  t o  
ze ro  r e s u l t s  i n  an expected y i e l d  of 769 cubic  f e e t  
per  a c r e  --a ga in  of only 520 cubic  f e e t  per  a c r e ,  
This  is i n  sharp c o n t r a s t  t o  t h e  p o t e n t i a l  ga ins  of 
2,036 (2,605-569) and 4,273 (5,240-967) cub ic  f e e t  
per  a c r e  f o r  t h e  same adjustments  t o  T5 and Sg i n  
p l a n t a t i o n s  wi th  s i t e  indexes of 60 and 80 
r e s p e c t i v e l y ,  i3-i terms of abso lu te  gaine,  s i t e  
index has an ovemhelming e f f e c t  on p o t e n t i a l  gain,  
Expressed i n  t e r n s  of percentage ga ins ,  t h e  t h r e e  
examples above r e s u l t  i n  209, 358, and 442 percent  
ga ins  where s i t e  indexes a r e  40, 60, and 80, 
r e s p e c t i v e l y .  These comparisons demonstrate t h a t  

t h e  g r e a t e s t  ga ins  can be made by concent ra t ing  
c o n t r o l  e f f o r t s  on t h e  b e t t e r  s i t e s  i n  t h e  h i g h e s t  
r u s t  hazard a reas .  This  may be p a r t i c u l a r l y  
important i n  cases  where r e s i s t a n t  p l a n t i n g  s tock  
is i n  s h o r t  supply. 

Post-establishment management al ternat ives--0nce a 
p l a n t a t i o n  is e s t a b l i s h e d  and t h e  r e a l i z e d  Tg and 
$5 va lues  a r e  known, they can be used,  a long wi th  
t h e  es t imated  s i t e  index of t h e  p l a n t i n g  s i t e ,  t o  
f o r e c a s t  y i e l d s .  Depending on t h e  managers 
o b j e c t i v e s ,  t h e  p ro jec ted  s t a n d  may o r  may not meet 
some minimum expec ta t ion ,  I f  n o t ,  t h e  manager may 
e l e c t  t o  r e p l a n t  t h e  s i t e ,  poss ib ly  wi th  a  
d i f f e r e n t  choice of p l a n t i n g  s t o c k  and/or number of 
planted t r e e s  per  ac re ,  If t h e  p ro jec ted  s tand  
meets t h e  minimum expec ta t ion ,  t h e  manager may 
e l e c t  t o  cont inue managing t h e  s t a n d  t o  some 
c r i t i c a l  age a t  which o t h e r  management dec i s ions  
a r e  made--such a s  whether o r  not  t o  c l e a r e u t  o r  
t h i n  t h e  s tand.  

Consider t h e  fo l lowing  example. A manager d e s i r e s  
t o  have 344 s u r v i v i n g  t r e e s  per  a c r e  by age 1.5, 
Via t h e  p r e d i c t i o n  system t h i s  r e q u i r e s  a minimum 
of 400 t r e e s  per  a c r e  be e s t a b l i s h e d  on t h e  s i t e  by 
age 5 ( i , e . ,  Tg = 400) i n  a  s t a n d  wi th  Sg = 0 
(Table 3 ) .  I f  a  p l a n t a t i o n  has l e s s  than 400 t r e e s  
per  a c r e  a t  age 5 ,  then t h a t  p l a n t a t i o n  w i l l  be 
replanted.  The r u l e  i s  s imple enough when t h e r e  is  
no r u s t  i n f e c t i o n ,  but  becomes more complicated i n  
t h e  f a c e  of d i f f e r e n t  l e v e l s  of r u s t .  

I n  f a c t ,  wi th  Sg va lues  of 20, 40, 60, and 80 
per  c e n t ,  minimum establ ishment  d e n s i t i e s  (Tg 
va lues )  of 471, 582, 783, and 1,299 would be 
requ i red  t o  achieve a  t a r g e t  d e n s i t y  of 344 t r e e s  
per  a c r e  a t  age 15 (by equat ion 10 and c o e f f i c i e n t s  
l i s t e d  i n  Table 2) .  The manager's dec i s ion  t o  
r e p l a n t  a  given p l a n t a t i o n  due t o  inadequate 
establ ishment  d e n s i t y  would be s t r o n g l y  a f f e c t e d  by 
t h e  l e v e l  of r u s t  i n f e c t i o n .  

Moreover, t h e  manager may want t o  a d j u s t  h i s  
minimum t a r g e t  d e n s i t y  i n  t h e  f a c e  of d i f f e r e n t  
l e v e l s  of Sg, because s t a n d s  t h a t  a r r i v e  a t  a  s e t  
s u r v i v a l  d e n s i t y  a t  age 15 w i l l  d i f f e r  markedly i n  
t h e i r  f u t u r e  s u r v i v a l  r a t e s  t o  age 20, depending 
upon t h e i r  r u s t  h i s t o r y .  This i n t r i n s i c  l i a b i l i t y  
may r e q u i r e  t h e  manager t o  perform a th inn ing  of 
r u s t  i n f e c t e d  t r e e s  o r  e l s e  i n c u r  f u t u r e  Losses. 
This  p o t e n t i a l  d i s e a s e  l o s s  nay a l t e r  t h e  manager's 
dec i s ion  t o  cont inue t h e  s tand  t o  t h e  next  d e c i s i o n  
period. For example, i n s t e a d  of t h e  s e t  t a r g e t  
d e n s i t y  a t  age 15, t h e  manager may demand t a r g e t  
d e n s i t i e s  f o r  i n f e c t e d  s tands  high enough s o  t h a t  
t h e  r e e i d u a l  s tand  a f t e r  th inn ing  has the  same 
d e n s i t y  a s  a  non-infected s tand  i n  which a  t h i n n i n g  
of r u s t  i n f e c t e d  t r e e s  i s  no t  needed. 

The l e v e l  of th inn ing  a t  age 15 t h a t  may be 
requ i red  i n  a p l a n t a t i o n  t o  harves t  a n t i c i p a t e d  
r u s t  r e l a t e d  m o r t a l i t y  may be es t imated  by applying 
equat ion 10 t o  genera te  t h e  expected f u t u r e  
m o r t a l i t y  f o r  s t a n d s  t h a t  reach a  given t a r g e t  
d e n s i t y  wi th  var ious  l e v e l s  of r u s t ,  For example, 



Table 3.--A y i e l d  t a b l e  from t h e  modified USLYCOWG system showing t h e  e f f e c t s  
of s i t e  index, establ ishment  dens i ty ,  and percent  of fusiform r u s t  stem 
in f ec t i ons  a t  age 5 on pred ic ted  dens i ty  and volune a t  ages 15 and 20, 

*-1Ea-rx9--=- -- - - S L - i = P - - P - -  

Projec ted  P l an t a t i on  Age 
Es tab l i shed  Stand 15 20 

1 / 2 / A 31 4 1 ,. - -. - 
~ 5 -  $5 TL S i t e  index'- TL S i t e  Index 

40 60 80 40 60 80 

I f  T5 = number of l i v i n g  t r e e s  a t  age 5. - 
2 1  Sg = proport ion of l i v i n g  t r e e s  a t  age 5 wi th  a  stem canker. - 

n 

3 /  TL r l i v i n g  t r e e s  per  a c r e  a t  t h e  i nd i ca t ed  age. - 
41 base age 25 years. - 
51 Cubic f e e t  per  a c r e  volume of a l l  t r e e s  g r e a t e r  than 4.5 in .  d,b.h, t o  a 3 

i n ,  ou t s i de  bark top,  with a  0.5 f t ,  stump he ight   ell e t  a 1  1979). 



w i t h  Tg = 400, Sg = 9, and Ap = 15, equatlsn E f i  
predicts 344 trees per aere s u r v i v i n g  ~t age 15, 
Changing Ap to 20 p r e d i c t s  319 trees surv iv ing at 
age 20 ---a mortality rate o f  25 trees per acre ( 7  
p e r c e n t )  between age 15 and 20, If one denands 
t h a t  a11 stands, regardless of the i r  ru s t  h i s t o r y ,  
a r r i ve  at age 20 w i t h  the  sane d e n s i t y  as t h e  
nan-infected stand (319), then d i f f e r e n t  minimum T g  
values would be required for different l eve l s  o f  
rust, as d e t a i l e d  i n  Table 5, 

Table 5,--:linfmun establishment densities (T5) 
required to reach the sane target d e n s l t y  at age 20 
in stands with different leveis o f  rust ( S 5 j m  

expec ted  expected expected 
191uimun Tg lJ l th  Sg survivaL survival nortality 

Required of age 15 age 20 15-20 

trees 'acre 2 t r e e s / a c ~  - "i, 

Table 5 shows that the expected nortali&? 
rates in the 15 to 20 year p e r i o d  are d i r e c t l y  
r e l a t e d  to the r u s t  history of each stand, and 
unless the manager thins the infected stands at age 
15, the volume on those trees t h a t  die between aqe 
95 and 20 would be lost. Fence, a thinning of rdst 
i n f e c t e d  trees a t  the indicated races might be 
advisab le ,  Unfortunately, the prediction system is  
no t  r e f i n e d  enough t o  predict which i n d i v i d u a l  
trees should be thinned --only t h e  general l e v e l  of 
thinning that is requ i red ,  Hopefully, those 
infected trees w i t h  a low probability of s u r v i v a l  
to age 20 cou ld  be determined wfth some degree sf  
confidence by inspection of t h e  stand at age 1.5, 

Fusiforn r u s t  was incorpcraced into an 
e x i s t i n g  g s ~ w t h  and yield model fsr unthtnned s l a sh  
pfne plantations (USLYCOWG) by modifying the 
s u r v i v a l  function to incorpora te  percentage o f  
l i v i n g  trees with a sten infection at age 5 as a 
r u s t  l e v e l  parameter, The new nodel p rov ides  
ogportunitbes f o r  a s s e s s i n g  t h e  combined e f fec t s  of 
site quality, stand density, l e v e l  of fusifatm rust 
infeetion, and age on f u t u r e  yields of i n f e c t e d ,  
unthinned slash pfne plantations, The model can be 
used to assess var ious  management alternatives 

designed t o  seduce t h e  impact  of f u s i f o r m  r u s t  on 
f u t u r e  y i e l d s ,  The new model is now a v a i l a b l e  i n  
t h e  form of an easy t o  use  computer program 
operating on F o r e s t  S e r v i c e  computers a c c e s s i b l e  
v i a  conmercial telephone Lines .  

Our r e s e a r c h  i n  t h e  f u t u r e  w i l l  focus on 
corresponding model developments f o r  l o b l o l l y  p i n e  
plantatiacs, E a r l y  L n d l c a t i o a s  a r e  t h a t  s u r v i v a l  
i n  LabLolly Is less a f f e c t e d  by f u s i f o r m  r u s t  t h a n  
slash p ine ,  F u r t h e r  r e f i n e m e n t s  and e x t e n s i o n s  
t h a t  c o n s i d e r  thinning, degrade ,  and y i e l d  
p r o j e c t i o n s  t o  longer r o t a t i o n s  a r e  a l s o  b e i n g  
considered, 
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Table 4.--Opportunities f o r  i nc r ea s ing  cubic f o o t  volume y i e ld s  through age 20 
by increas ing  T5,  lowering S5 ,  o r  both. 

Base Stand Expected Volume Increase  By Adjusting Tg and/or S5 to :  
Tg = 800 1200 NC NC 800 800 1200 1200 - 

T5 S5 Volume $5 = N C l /  NC 40 0 40 0 40 0 

S i t e  Index 60 
No * z -------------------------- ft3/acre------------------------ - - 

S i t e  Index 80 

1/  NC = no change with respec t  t o  base s tand  - 
2/ blanks e n t r i e s  imply combinations t h a t  do not  r e s u l t  i n  increases ,  - 
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l i PERIODIC GROWTB I N  LOBLOLLY PINE PLAVTATIONS- 

James D.  Burton and Eugene Shoulder&/ 

Abs t rac t  .--An o l d - - f i e l d  l o b l o l l y  p i n e  ( P i m s  fzeda L. ) plan ta -  
t i o n  w a s  thinned and pruned a t  ages 11 and 1 4  t o  s e v e r a l  d i f f e r e n t  
b a s a l  a r e a s  and crown r a t i o s  (crown r a t i o  = LOO crown l e n g t h /  
t r e e  t o t a l  height). P e r i o d i c  growth a t  age 15-18, i n  
d .b .h . ,  b a s a l  a r e a ,  and t o t a l  stemwood volume were p r e d i c t e d  
by 2-variable  r e g r e s s i o n  equa t ions  involv ing  express ions  of 
crown s i z e  and s t a n d  d e n s i t y .  S l a n t  h e i g h t  o f  crown a s  a r i g h t  
c i r c u l a r  cone was t h e  b e s t  crown-size v a r i a b l e ,  and b a s a l  a r e a  
was t h e  b e s t  s tand-dens i ty  measure f o r  p r e d i c t i n g  growth i n  
volume and b a s a l  a r e a ,  Number of t r e e s  and an  index of crown 
s u r f a c e  a s  a  cone were t h e  b e s t  v a r i a b l e s  p r e d i c t i n g  d .b .h .  
growth. Use of crown s u r f a c e  index o r  s l a n t  h e i g h t  requ i red  
measurement of both crown l e n g t h  and crown width.  Grown r a t i o  
was n e a r l y  a s  e f f e c t i v e  as s lan t  he igh t  i n  p r e d i c t i n g  volume 
and b a s a l  a r e a  growth and, i f  measurements a r e  made from t h e  
ground, is  ob ta ined  more a c c u r a t e l y  and cheaply.  If  crown s i z e  
is t o  be measured b y  remote sens ing ,  crown width may be t h e  
most a c c u r a t e  and cheapest  measurement. %omvariable equat ions 
wi th  (crown wid th)2  and b a s a l  area p r e d i c t e d  growth very  
e f f e c t i v e l y .  Choice of crown-size v a r i a b l e  depends on 
mensurat ional  technique,  

INTRODUC TTON 

P e r i o d i c  growth i n  b a s a l  a r e a ,  t o t a l  stem- 
wood volume, and q u a d r a t i c  mean d.b.h.  i n  even- 
aged l o b l o l l y  p i n e  s t a n d s  dur ing  t h e  l i n e a r  
growth per iod  depends on s t a n d  d e n s i t y  and s i t e  
q u a l i t y ,  i f  a l l  o t h e r  f a c t o r s  remain t h e  same. 
In  thinned s tands  of uniform s o i l  and s i t e  
q u a l i t y ,  and given d i f f e r e n t  l e v e l s  of green 
pruning, p e r i o d i c  growth can be expected t o  vary 
wi th  s tand  d e n s i t y  and mean crown s i z e .  Stand 
d e n s i t y  i s  commonly expressed i n  t e r n s  of  b a s a l  
a r e a  o r  number of stems, o r  both.  Crown s i z e  
may be expressed i n  terms o f  Length, wid th ,  
l eng th  o r  width a s  a f r a c t i o n  of t r e e  h e i g h t ,  o r  
t h e i r  products ,  I n  t h i s  paper ,  we r e p o r t  t h e  
e f f e c t s  of s e l e c t e d  s tand-dens i ty  and crown-size 
measurements on p e r i o d i c  growth i n  a l o b l o l l y  
p i n e  p l a n t a t i o n  from age 1 5  t o  1 8  y e a r s ,  

i./l?aper presented a t  Second Biennial  South- 
e r n  S i l v i c u l t u r a l  Research Conference, At lan ta ,  
Georgia, November 4-5, 1982, 

Z / ~ o i l  S c i e n t i s t  and P r i n c i p a l  S i l v i c u l t u r i s t ,  - 
r e s p e c t i v e l y ,  Southern Fores t  Experiment S t a t i o n ,  
Fores t  Serv ice ,  USDA, P i n e v i l l e ,  LA 71360. 

The s tudy  was conducted i n  an o l d - f i e l d  
l o b l o l l y  i n e  p l a n t a t i o n  near  Plont icel lo ,  3 Arkansas,-/ When t h e  s t a n d  reached 11 y e a r s  of 
age, 36 square  0.4-acre p l o t s  were l a i d  o u t .  
Four l e v e l s  o f  th inn ing  and t h r e e  l e v e l s  o f  prun- 
i n g  were app l ied  i n  a l l  p o s s i b l e  combinations and 
r e p l i c a t e d  t h r e e  t imes;  d e t a i l s  a r e  repor ted  
elsewhere (Burton 1981a). Af te r  t h r e e  y e a r s  t h e  
p l o t s  were thinned and pruned aga in  t o  b a s a l  
a r e a s  of 90, 70, 50, o r  30 f t q a c r e  and t o  crown 
r a t i o s  o f  50, 39, o r  25 percen t .  (Live crown 
r a t i o s  of 55, 40,  and 25 percen t  were in tended ,  
bu t  in te rnode  leng th  and m o r t a l i t y  of lower 
branches precluded t h e i r  a t t a inment . )  

A sa lvage  c u t t i n g  l year l a t e r  t o  remove 
glaze-damaged t r e e s  l e f t  r e s i d u a l  b a s a l  a r e a s  on 
indFvidual  p l o t s  of 20 t o  92 f t 2 / a c r e .  Crown 
r a t i o s  ranged from 23 t o  53 percen t ,  Heights  o f  
dominant and codominant t r e e s  averaged 46 f e e t ,  

3/~znd and t e c h n i c a l  a s s i s t a n c e  were provid- 
ed by Crosse t t Div is ion ,  Georgia-Pac i f  i c  Corpora- 
t i o n .  



I n v e n t o r i e s  were made a f t e r  t h e  sa lvage  a t  
age 15  and a t  age 1 8  o f  a 0 -1-acre square  p l o t  
a t  t h e  c e n t e r  of each 0.4-acre t reatment  p l o t .  
Stem diameter  a t  4 .5  f e e t  (D) was measured on 
every t r e e .  Up t o  1 2  sample t r e e s  p e r  p l o t  were 
s e l e c t e d  f o r  a d d i t i o n a l  bo le  and crown measure- 
ments. They were d i s t r i b u t e d  propor t iona te ly  
among diameter  c l a s s e s .  On p l o t s  con ta in ing  12  o r  
fewer t r e e s ,  a l l  were measured a s  sample t r e e s  
(some p l o t s  contained a s  few as 4 t r e e s  a f t e r  t h e  
age 1 5  c u t ) .  Upper stem diameter ,  h e i g h t ,  and 
crown l e n g t h  (CLj were measured wi th  a t r ipod-  
mounted, magnifying, o p t i c a l  dendrometer, Crown 
width (CW) was measured i n  two d i r e c t i o n s  a t  
r i g h t  a n g l e s  using a m e t a l l i c  tape and t h e  o p t i c a l  
plumb descr ibed  by Shepperd (1973). Bole volume 
and b a s a l  a r e a  of each sample were ob ta ined  by t h e  
he igh t  accumulation method (Lohrey and Del l  1969).  
The s u m a r y  program computed s tand  volumelacre 
f o r  each p l o t  a s  t h e  product  o f  (mean volume/basal 
a r e a  r a t i o  o f  sample t r e e s )  and ( p l o t  b a s a l  a r e a /  
a c r e ) .  

Because b a s a l  a r e a s  on i n d i v i d u a l  p l o t s  were 
in f luenced  by t h e  amount of g laze  damage (Burton 
1981b), m u l t i p l e  regress ion  ana lyses  were used t o  
determine the  e f f e c t s  of s t a n d  d e n s i t y  and crown 
parameters on volume, b a s a l  a r e a ,  and diameter  
growth f o r  t h e  age 15-18 per iod .  Dependent 
v a r i a b l e s  were: 

v a r i a b l e  was a s tand-densi ty expression,  e i t h e r  
BA o r  T, and t h e  second i n d e p e n d a t  v a r i a b l e  was a 
crown-size express ion ,  e i t h e r  SH, CS ( C W ) ~ ,  CV, o r  
CR. I n  3-variable  r e g r e s s i o n s ,  t h e  t h i r d  indepen- 
den t  v a r i a b l e  was t h e  product  of t h e  f i r s t  and 
second independent v a r i a b l e s .  Regressions s e l e c t e d  
as b e s t ,  on t h e  b a s i s  of minimum RMSQR were gener- 
a t e d  only by t h e  foregoing conibinatorial  r u l e s  and 
were requ i red  t o  be b i o l o g i c a l l y  p l a u s i b l e ,  

RESULTS kdW DISCUSSION 

I n  s i n g l e - v a r i a b l e  r e g r e s s i o n s ,  b a s a l  a r e a  
was t h e  b e s t  independent v a r i a b l e  p r e d i c t i n g  volume 
growth and b a s a l  a r e a  growth; number o f  t r e e s  was 
nex t  (Table 1 ) .  Crown width squared was t h e  b e s t  
p r e d i c t o r  of d.b.h, growth; crown volume index and 
crown s u r f a c e  index d i d  almost a s  w e l l ;  a l l  t h e  
crown-size v a r i a b l e s  were much more e f f e c t i v e  than 
e i t h e r  o f  t h e  s tand-densi ty v a r i a b l e s .  Standard 
e r r o r s  ranged from 80 t o  190 f t31acre of volume, 
3 t o  6 f t z l a c r e  o f  b a s a l  a r e a ,  and .21 t o  .36 inch 
of d.b.h. 

Table 1.--Goodness of f i t  s t a t i s t i c s  f o r  s i n g l e -  
v a r i a b l e  equa t ions  p r e d i c t i n g  per iod  growth i n  
s tand  volume, b a s a l  a r e a ,  and q u a d r a t i c  mean 
d.b.h. 

AV = growth i n  t o t a l  stemwood volume, 
i n s i d e  bark ,  t o  the  base of  t h e  
a p i c a l  bud, f t 3 /  a c r e  

ABA = growth i n  b a s a l  a r e a ,  f t 2 / a c r e  

AD = growth i n  q u a d r a t i c  mean d e b  .h . ,  
inches 

Primary independent v a r i a b l e s  included:  

1. Basal a r e a  (BA) a t  beginning o f  per iod ,  
f t 2 l a c r e  

2. ~ r e e s l a c r e  (T) a t  beginning of per iod ,  
number 

3. S l a n t  he igh t  (SH) of crowns of sample 

t r e e s  =*J ( c L ) ~  + (0.5 C W ) ~ ,  f e e t  
4. CW x SH = an index of  crown s u r f a c e  (CS) 

a r e a  a s  a r i g h t  c i r c u l a r  cone, f e e t 2  
5. ( c w ) ~  = an index of crown p r o j e c t i o n  

a r e a  f e e t 2  
6.  (cw)? x SH = an index of crown volume 

(CV) , f e e t 3  
7. Crown r a t i o  (CR) = (100 CLj/ ( t o t a l  

h e i & t ) ,  pe rcen t  

Y : ~  : R 2 :  SE e s t  .Y : RMSQR 

ABA BA -7838 2.90 .2 226 
T .62 37 3.83 .3873 
SH -3409 5.06 ,6  785 
C S .2063 5.56 .8171 
( c w ) ~  .I147 5.87 .9111 
CV .I172 5.86 .go88 
CR .5273 4.29 .4866 

Equations w i t h  1, 2 ,  o r  3 independent v a r i -  
a b l e s  were computed, toge ther  with t h e i r  
c o e f f i c i e n t s  of de te rmina t ion  ( R ~ } ,  s tandard  
e r r o r s  o f  e s t i m a t e  (SE e s t ) ,  and r e l a t i v e  mean 
squared r e s i d u a l s  (RMSQR) . Grosenbaugh ' s (1967) 
procedure was used w i t h  some c o n s t r a i n t s .  Not 
a l l  p o s s i b l e  combinations o f  independent v a r i a b l e s  
were of concern. In  2-variable  regress ions ,  one 

2 7  
- 

d r e s i d u a l  mean sqvare  

The b e s t  2-variable  equat ion p r e d i c t i n g  volume 
growth involved b a s a l  a r e a  and crown s l a n t  h e i g h t ;  
i ts  RMSQR was on ly  ,1201 (Table 2 ) .  Number of 
t r e e s  was n e a r l y  a s  good a s  b a s a l  a r e a  i n  m u l t i p l e  
r e g r e s s i o n s .  AL1 the  2-variable  equat ions t e s t e d  
accounted f o r  a t  l e a s t  83 percent  of t h e  v a r i a t i o n  



i n  pe r i od i c  volume g r o e h ,  B e  standard e r r o r s  
and t h e  RMSQRs of the  3-variable regress ions  
were no t  much smller than those of t h e  corres-  
ponding 2-variable equa t ions ;  i n  some ins tances  
they were l a r g e r ,  I n t e r a c t i o ~  cont r ibu ted  L i t t l e  
t o  the p r ed i c t i on  effectiveness, 

The best 2-variable equatfon p r ed i c t i ng  
ba sa l  area growth involved b a s a l  area and s l a n t  
height (Table  3 ) ;  r5e second b e s t  involved basal 
area and crown su r f ace  index, No 2-variable 
regress ion  had an RMSQR greater than -1661, a 

s tandard e r r o r  g r e a t e r  than 2 , 5 f ,  o r  accounted f o r  
l e s s  than 84 percent of the  var ia t ion i n  b a s a l  
a r ea  growth. The 3-variable regress ions  were no 
r e a l  iwrovement over the 2-variable,  

The b e s t  2-uarfaB3.e equat ion p r ed i c t i ng  d .b .he 
growth involved number s f  trees and c r o m  su r f ace  
index (Table  4 ) ;  the  second bes t  involved b a s a l  
a r ea  and cram surface index; they accounted f o r  
87 and 86 percent o f  the v a r i a t i o n ,  r e spec t i ve ly .  

Table 2.--Gc)odness of  fir s t a t i s t i c s  f o r  2-variable and 3-variable equations p r ed i c t i ng  
pe r i od i c  volllwe growth 

Independent 

BA and SB .81167 66 . I 7  .I201 -8885 66.67 .I220 
CS .a769 68.98 .I306 -8850 67,70 .I258 
(CW) .8652 72.19 .I430 .8745, 70. SO -1368 
cv .8668 71.97 . 1421 .8813 68,77 ,1298 
CR '8712 70.56 ,1366 .8728 71.21 ,1391 

T and SN .8752 69,46 . I324 -8793 69,37 , L 320 
C S .8548 74.91 .I540 .8786 69,56 -1328 
( c w ) ~  .833!3 130 , I 3  .I762 ,8679 72,56 ,2445 
CV .a264 81,92 .I841 -8735 71,043 . f 383 
CR .8288 81.35 .I816 .a32 2 82.03 .I846 

c rom-s i ze  va r i ab l e s ,  i ,e . , an i n t e r a c t i o n  tern, 

1/ & e s i d u a l  mean square  

Table 3.--Goodness of f i t  s t a t i s t i c s  f o r  2-variable and 3-variable equat ions p r ed i c t i ng  
pe r i od i c  ba sa l  a r e a  growth 

BA and SN ,9331 1.64 .0 709 .9332 I ,66 .0 730 
C S .9 215 1.77 ,0832 ,9 287 1-72  .0 780 
(CW> ,9005 2 -00 ,1055 .9125 1 .90  .0957 
CV .90I 9 1.98 . LO41 .!I267 1.81 .0861 
CR '9124 % ,87 .0929 ,9177 l , 8 4  .0900 

T and SN .go80 1 - 9 0  .a976 .9 088 1.94 ,0998 
CS .8852 2 -15 ,1218 .9068 1 , 9 6  , 1020 
(CMI -8537 2 '4.2 , I152 .8913 2 ,I2 .1189 
C't7 -84 33 2 -51  .I661 .89 70 2 ' 0 6  .I126 
GR ,8569 2 ,40  ,1518 -8654 2-38 -1494 

c rom-s i ze  v a r i a b l e s ,  f e e , ,  an interaction t e r n  

3 -.5si$ual. mean square 



Table 4.--Goodness o f  f i t  s t a t i s t i c s  f o r  2 -var iab le  and 3-var iab le  equa t ions  p r e d i c t i n g  
p e r i o d i c  growth i n  q u a d r a t i c  mean d,b.h.  

BA and SN -8405 .I561 .I691 -13735 .I412 '1384 
C S ,8565 .14 81 -1522 .8618 '3.4 74 . I511 
( c w ~ ~  .8277 -1622 ,1327 ,8280 '1646 . I881 
CV .8071 -1717 -2046 -80 79 .I740 -2101 
CR .7002 ,2140 .3180 -7591 ,1948 .2635 

T and SN .8502 -1512 .lf 86 ,8769 .1392 .I346 
C s .8665 . I428 -1416 .8715 .I423 -1405 
(CW) ,8378 -1574 .I720 ,8388 ,1594 .I764 
CV .827l .I624 .I834 .8280 ,1646 . I881 
CR ,7828 -1822 .2301. .$I09 ,1726 .2068 

crown-size v a r i a b l e s ,  i ,e., an i n t e r a c t i o n  term. 

21 J r e s i d u a l  mean square  

Crown s u r f a c e  index was t h e  second b e s t  
crown-size v a r i a b l e  t o  inc lude  w i t h  b a s a l  a r e a  i n  
2-variable  r e g r e s s i o n s  f o r  p r e d i c t i n g  volume 
growth and b a s a l  a r e a  growth. Rowever, s l a n t  
he igh t  i s  a p r e r e q u i s i t e  t o  c a l c u l a t i n g  crown 
s u r f a c e  (as  we d id  i n  t h i s  s t u d y ) ,  and u n l e s s  
crown s u r f a c e  o r  crotm volume o f f e r s  a markedly 
smal le r  RMSQR than s l a n t  h e i g h t ,  t h e r e  i s  no 
advantage i n  t h e  computation. 

Solving t h i s  equa t ion  f o r  crown r a t i o s  of 25, 
37.5, and 50 e r c e n t ,  f o r  b a s a l  a r e a s  of 25 9 through 90 f t  / a c r e ,  and conver t ing  p e r i o d i c  t o  
annual  growth, we o b t a i n  t h e  v a l u e s  i n  t a b l e  5. 
Consider a thinned and pruned l o b l o l l y  p i n e  
p l a n t a t i o n  w i t h  a mean CR = 37.5 percent  and a 
BA = 50 f t 2 / a c r e ,  on a s i t e  s i m i l a r  t o  t h i s  one: 
The p e r i o d i c  annual  volume growth from age 15  t o  
18 should be 182 f t 3 / a c r e .  

I f  crown size is  t o  be rneasured by remote Table  5.--Predicted p e r i o d i c  annual  growth, age 
sens ing ,  crown width may be the  cheapest  and most 15-18, i n  t o t a l  stemtjood i n s i d e  bark  i n  thinned 
a c c u r a t e  c r a m - s i z e  measurement. %o-variable  and prlaned LoblolLy p i n e  p l a n t a t i o n s ,  given 
equa t ions  w i t h  (Cldj2 and basal area resul ted  in var ious  b a s a l  a r e a s  and crown r a t i o s  
small  RMSqRs i n  t h i s  study and accounted f o r  83 - 
t o  90 p e r c e n t  of t h e  v a r i a t i o n  i n  p e r i o d i c  
volume, b a s a l  a r e a ,  and diameter  growth. 
Equations f o r  p r e d i c t i n g  growth from t h e s e  
parameters a r e :  

NOTE: Goodness of f i t  s t a t i s t i c s  a r e  given i n  
t a b l e s  2 through 4 .  

When t r e e  measurements are t o  be made by 
people on t h e  ground w i t h  e x i s t i n g  technology, 
crown l e n g t h  can be measured more a c c u r a t e l y  and 
more cheaply than crown width.  Depending on t h e  
mensurat ioaal  technique ava iL&le ,  some measure- 
ments can be b e t t e r  barga ins  than o t h e r s ,  and t h i s  
w i l l  a f f e c t  the choice of regressions. I n  t h i s  
s tudy ,  both s l a n t  h e i g h t  and crown s u r f a c e  index,  
i n  r e g r e s s i o n s  w i t h  b a s a l  area, r e s u l t e d  i n  on ly  
s l i g h t l y  smal le r  Ri"lSQb than d i d  crown r a t i o ;  CR 
was ob ta ined  more cheaply. 

The b e s t  2 -var iab le  equa t ion  involving crown 
r a t i o  and p r e d i c t i n g  t o t a l  s t e m o o d  volume growth 
was : 

hV = -29.04 + 4.56 CR + 8.07 BA 

Beginning : Crown r a t i o  
b a s a l  a r e a :  25 : 37.5 : 5 0 

The b e s t  2 -var tab le  equa t ion  involv ing  crown 
r a t i o  and p r e d i c t i n g  b a s a l  a r e a  growth was : 

Solving t h i s  equa t ion  f o r  t h e  same crown 
r a t i o s  and b a s a l  a r e a s ,  Table 6 is obtained.  Our 
h y p o t h e t i c a l  p l a n t a t i o n  should have a p e r i o d i c  
annual  BA g r o e h  = 5.8 f t 2 / a c r e .  

The 2-variable  equa t ion  f o r  d.b . h e  growth 
involv ing  b a s a l  a r e a  and crown r a t i o  was: 



Solving t h i s  e q u i a t i o n  f o r  t h e  same crown 
r a t i o s  and b a s a l  a r e a s ,  Table 7 is obta ined .  

Table 6 .--Predicted p e r i o d i c  aflnual growth, age 
15-18, i n  b a s a l  a r e a  i n  thinned and pruned 
l o b l o l l y  p i n e  p l a n t a t i o n s ,  g iven  var ious  
b a s a l  a r e a s  and crown r a t i o s  

Beginning : Crown r a t i o  
b a s a l  a r e a :  25 : 37.5 : 50 

Table 7.--Predicted p e r i o d i c  annual  growth, age 
15-18, i n  q u a d r a t i c  mean d .b .h. i n  thinned and 
pruned l o b l o l l y  p ine  p l a n t a t i o n s ,  given var ious  
b a s a l  a r e a s  and crown r a t i o s  

Beginning : . Crown r a t i o  
b a s a l  a r e a :  25 : 37.5 : 50 
-Ft'facre- -------------- Inches----------------- 

For comparable s t a n d  d e n s i t i e s  and c r o m  
r a t i o s ,  both volume and b a s a l  a r e a  growth were 
l e s s  a t  1 5  t o  1 8  years  than a t  11 t o  14 years  
(Burton 1981a) .  This  t r e n d  r e f l e c t s  the  normal 
d e c l i n e  i n  growth r a t e  w i t h  age and sugges t s  t h a t  
p e r i o d i c  annual  increment had culminated on t h i s  
s i t e  b e f o r e  age 18.  

The e f f e c t s  o f  d e n s i t y  and crown parameters on 
S a s a l  a r e a  and volume growth were more pronounced 
a t  ages 15  t o  1 8  than a t  ages I f  t o  1 4 ,  Differ-  
ences i n  b a s a l  a r e a s  r e t a i n e d  on the  p l o t s  a t  ages 

1 3  and 15 and i n  post-pruning l i v e  crown r a t i o s  
a t  the two ages undoubtedly cont r ibu ted  t o  t h e s e  
chmges .  The h e a v i e s t  th inn ing  a t  age I f  l e f t  a 
r e s i d u a l  b a s a l  a r e a  o f  40 f t 2 1 a c r e ,  whereas t h e  
sa lvage  c u t t i n g  a t  age 1 5  reduced b a s a l  a r e a  on 
some p l o t s  t o  20 f t 2 / a c r e .  Heaviest  s tocked p l o t s  
contained 180 f t 2 / a c r e  o f  b a s a l  a r e a  a f t e r  t h i n n i n g  
ar age 11 and 92  f t Z / a c r e  a f t e r  t h e  sa lvage  a t  
age 15.  Crown r a t i o  a t  age Il ranged from 37 t o  
52 percen t  of t o t a l  he igh t  and a t  age 15  from 23 
t o  53 percen t .  

These r e s u l t s  r e c o n f i m  t h e  f a c t  t h a t  both 
s t a n d  d e n s i t y  and crown s f z e  a f f e c t  growth of  
young l o b l o l l y  p ine  p l a n t a t i o n s .  Moreover, they  
i n d i c a t e  no significant i n t e r a c t i o n  between d e n s i t y  
and crown size in their effects on t r e e  and s t a n d  
growth. 

Two-variable r e g r e s s i o n s  con ta in ing  r e s i d u a l  
b a s a l  a r e a  and e r o m  r a t i o  a s  independent v a r i a b l e s  
were s a t i s f a c t o r y  f o r  p r e d i c t i n g  p e r i o d i c  d iameter ,  
b a s a l  a r e a ,  and volume growth of a young l o b l o l l y  
p i n e  p l a n t a t i o n  i n  sou th  Arkansas t h a t  was thinned 
t o  b a s a l  a r e a s  of 20 t o  92. f t 2 / a c r e  and pruned t o  
c r e a t e  crown r a t i o s  o f  23  t o  53 p e r c e n t .  
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GROl4TN AND DEVELOPmNT OF A 26-YEAR-OLD 

l i 
UKTHlhWED SPRUCE PINE PWINTATIOW 

2 i" John R, To l iver  and James E, Wotvedt- 

Abstract,--Spruce p ine  s e e d l i n g s  were p lan ted  on an o l d - f i e l d  
s i t e  in sou theas te rn  L o u i s l m a .  A t  age 20 y e a r s ,  s u r v i v a l  was 
67%, number of trees p e r  a c r e  w a s  1170, t h e  average diameter  of 
t h e  t r e e s  was 5-05  inches ,  and t h e  average he igh t  was 43 f e e t ,  I n  
comparison, n a t u r a l l y  seeded l o b l o l l y  p ine  t r e e s  i n  t h e  s tand  and 
of t h e  same age had an average diameter  of 6.92 inches  and an 
average he igh t  of 48 f e e t .  

INTRODUCTION 

Although spruce p i n e  (Pinus Malt,  ) 
grows throughout t h e  Coas ta l  P l a i n  from South 
Caro l ina  t o  F l o r i d a  and Loulsiana (Doman 1876), 
i t  is  found mainly i n  southern Alabama and 
M i s s i s s i p p i ,  and sou theas te rn  Louisiana 
( S t e r n i t z k e  and Nelson 1970). Spruce p ine  
u s u a l l y  occurs  a s  a s ing l e  t ree o r  as a small  
group of t r e e s  i n  a s s o c i a t i o n  w i t h  i o b l o l l y  p ine  
(PI. t aeda  L.) and hardwoods i n  t h e  second bottoms 
and t h e  moist  f r i n g e s  surrounding longleaf  p i n e  
(& M ~ L P , )  (Walker 1980), These s i t e s  
o f t e n  c o n s i s t  of sandy loam s o i l s  in te rmedia te  
between dry sandy s o i l s  and a l l u v i a l  bottomland 
s o i l s  (Koch 1972).  

Spruce p ine  i s  t h e  most t o l e r a n t  southern 
p i n e  s p e c i e s ,  bu t  only moderately i n t o l e r a n t  by 
hardwood s tandards  (Putnam e t  a l ,  1960). It i s  
t h e  most effective of t he  southern p ine  species 
i n  competing wi th  ground cover and hardwood 
reproduct  ion.  

Growth r a t e s  of spruce pdne a r e  considered 
good t o  e x c e l l e n t  (Putnan e t  ax. 1960). Mature 
t r e e s  may grow t o  d iameters  of 2 o r  3 f e e t  and t o  
h e i g h t s  of 100 f e e t  o r  mre (Koch 19721, 
Although l a r g e  t r e e s  of spruce p i n e  can have good 
f o m  and c l e a r  bo l e s ,  young trees a r e  o f t e n  
crooked and b y  These c h a r a c t e r i s t i c s  
probably r e s u l t  from t h e  shade to lerance  of the 
s p e c i e s ,  It i s  r a r e l y  found i n  pure s t a n d s  large 
enough t o  warrant  c o m e r c i a 1  management and har- 

l / P a p e r  presented at Southern S i l v i c u l t u r a l  
~ e s e a F c h  Conference , A t l a n t a ,  Georgia November 
4-5, 1982. 

2 1  Associate  and Assistant Professors  of 
~ o r e s F ~ ,  r e s p e c t i v e l y ,  School of Fores t ry  and 
W i l d l i f e  Management, Louisiana State University, 
Baton Rouge, Louisiana 70803,  

v e s t i n g  of t h e  s p e c i e s  by i t s e l f ,  and i t  h a s  been 
p lan ted  very  l i t t l e  commercially, t o  our  
knowledge, except f o r  Christmas t r e e  product ion.  
B a r ~ e s t e d  t r e e s  a r e  u s u a l l y  mixed wi th  o t h e r  
s p e c i e s  of southern p i n e s  and hardwoods f o r  pulp 
and paper p roduc ts ,  Indeed, pulping eharac- 
t e r i s t i c s  and y i e l d s  obtained a r e  very s i m i l a r  t o  
those  of t h e  more comon southern p ines  (Koch e t  
a l e  1958), S p e c i f i c  g r a v i t y  of t h e  wood i s  
u s u a l l y  lower, however, averaging 0.43 (Koch 
1972), Spruce p ine  may b e  harves ted  f o r  saw- 
timber t o  a l i m i t e d  e x t e n t ,  a l though i t  i s  no t  a  
p r e f e r r e d  s p e c i e s  f o r  veneer ,  

Spruce p i n e  h a s  been p lan ted  on a smal l  
s c a l e  i n  South Carol ina (Dorman 1976) and a  few 
s c a t t e r e d  p l a n t a t i o n s  p o s s i b l y  e x i s t  throughout 
t h e  South. Never the less ,  very l i t t l e  information 
e x i s t s  on t h e  growth and development of t h e  
spec ies .  The purpose of t h i s  paper  is  t o  d i s c u s s  
t h e  growth and development of a  20-year-old 
unthinned p l a n t a t i o n  of spruce p ine  loca ted  i n  
sou theas te rn  Louisiana,  

METHODS 

Descr ip t ion  of t h e  P l a n t a t i o n  

The spruce p i n e  p l a n t a t i o n  i s  loca ted  on a 
c o a s t a l  p l a i n  s i t e  i n  East F e l i c i a n a  P a r i s h ,  n e a r  
Cl in ton ,  Loulsiana,  Underlyrng s o i l s  inc lude  two 
major types:  Lexington s i l t  foam, a  w e l l  d ra ined  
moderately permeable soil and Providence s i l t  
loam, a moderately well drained slowly permeable 
s o i l ,  Average annubl r a i n f a l l  f o r  t h e  a r e a  i s  62 
inches.  

The spruce p ine  t r ees  were p lan ted  on an  
o l d - f i e l d  s i t e ,  approximately 2 a c r e s  i n  s i z e ,  i n  
e a r l y  spr ing  of 1958, According t o  A,B.  Crow 
(persona l  c o m u n i c a t i o n ) ,  t h e  f i e l d  was burned 
and 1-0 bareroo t  s e e d l i n g s  were p lan ted  on a 5x5 
f o o t  spacing. The p l a n t a t i o n  was i n i t i a l l y  



e s t a b l i shed  f o r  Chrjstmas t r e e  production.  
However, no c u l t u r a l  work, th inn ings ,  o r  ha rve s t s  
were done a f t e r  t h e  t r e e s  were p lan ted  and t he  
t r e e s  were e s s e n t i a l l y  l e f t  t o  grow a s  an 
unmanaged o ld- f ie ld  p l an t a t i on .  I n  t h e  f a l l  of 
1977, and before  t h e  s tand  was t o  be thinned,  t h e  
opportuni ty ex i s t ed  t o  measure t he  c lo se ly  spaced 
spruce p ine  t r e e s  a t  age 20 and t o  analyze t h e i r  
growth and development. Also growing wi th in  t h e  
s tand  were 221 l o b l o l l y  pine t r e e s  of approxi- 
mately t h e  same age (based on increment cores ) .  
It is assumed t h e i r  o r i g i n  was from windblown 
seed which germinated s h o r t l y  a f t e r  t h e  planta-  
t i o n  was e s t ab l i shed ,  

Measurements 

Surv iva l  was determined by f i r s t  choosing a 
random sample of 15 rows of t r e e s .  Then, i n  each 
row the  number of l i v e  spruce p ine  t r e e s  presen t  
ou t  of 20 spo t s  t h a t  should have been p lan ted  was 
determined and t he  percent  su rv iva l  ca lcu la ted .  

The diameter (4.5 f e e t  above ground) of a l l  
l i v e  s tanding t r e e s  was measured t o  t h e  nea r e s t  
t e n th  of an inch wi th  a s tandard diameter tape.  
The t o t a l  he igh t  of every t en th  t r e e  was measured 
t o  t he  nea r e s t  foo t  wi th  a Suunto cl inometer .  
Addit ional  measurements taken on every twent ie th  
t r e e  included: (a)  he igh t  i n  f e e t  t o  t he  f i r s t  
l i v e  limb, (b) age based on a count of growth 
r i ngs  i n  an increment core ,  (c )  increment 
measurement of t he  l a s t  5 growth r i ngs ,  and (d) 
increment measurement of t h e  l a s t  10 growth 
r ings .  S imi la r  measurements were taken on t h e  
l o b l o l l y  p ine  t r e e s  f o r  use  i n  comparing t he  
growth of t he  two spec ies .  

A l l  border  t r e e s  were el iminated from the  
da t a  s e t s  f o r  s t a t i s t i c a l  purposes, 

RESULTS AND DISCUSSION 

Surv iva l  of t he  spruce pine t r e e s  i n  t he  
20-year-old p l an t a t i on  was 67 percent ,  o r  
approximately 1170 l i v e  spruce p ine  stems per  
acre .  In  addi t ion ,  t h e r e  were another  110 
l o b l o l l y  p ine  stems per  a c r e  s ca t t e r ed  throughout 
t h e  s tand.  

The average diameter (dbh) a t  age 20 of the  
spruce pine t r e e s  was 5.05 inches (ranging from 
1.50 t o  12.30 inches) .  Two-thirds of t he  t r e e s  
were l e s s  than 6 inches i n  diameter  (Figure 1 .) . 
While t h i s  s t i l l  l e f t  over 400 t r e e s l a c r e  t h a t  
were 6 inches dbh o r  g r e a t e r ,  only s i x  percent  of 
t h e  t o t a l  number of t r e e s  were g r e a t e r  than 8 
inches i n  diameter. Assuming 67% su rv iva l ,  t h e  
b a s a l  a r ea  was ca l cu l a t ed  t o  be 178 square 
f e e t l a c r e .  

I n  comparison, t h e  average dlameter of t he  
l o b l o l l y  p ine  t r e e s  was 6.92 inches (ranging from 
2.90 t o  14.40 inches) .  Thir ty-six percent  of 
these  t r e e s  were g r e a t e r  than 8 inches i n  d ia -  
meter and only 30 percent  were l e s s  than 6 
inches . 

DIAMETER C L A S S  (IN) 

Figure 1. Diameter d i s t r i b u t i o n  of 20-year-old 
plantation-grown spruce p ine  t r e e s  (5x5 f t .  
spacing) 

Average diameter  growth of t h e  spruce p ine  
t r e e s  over t h e  f i r s t  10 yea r s  was 4.03 inches,  o r  
0.40 inches per  year  (ca lcu la ted  from Table I . )  
Average diameter growth from ages 10 t o  15 yea r s  
was 0.67, o r  0.13 inches per  year--an annual  
growth r a t e  of 32 percent  t h a t  of t he  annual 
growth r a t e  during t he  f i r s t  10 years .  During 
t he  l a s t  5 yea r s  (ages 15-20 years )  t he  growth 
decl ined f u r t h e r  t o  an annual r a t e  of 0.07 inches 
per  year  o r  only 18 percent  of t he  annual growth 
r a t e  during the  f i r s t  10 years .  It i s  apparent  
t h a t  t h e  s tand should have been thinned a t  age 
10, and d e f i n i t e l y  by age 15 yea r s ,  i f  sawtimber 
was t h e  intended product. 

The average annual diameter growth f o r  the  
l a s t  10 years  was g r e a t e r  f o r  t he  t r e e s  i n  
diameter  c l a s s e s  above 6 inches.  However, t he  
mean percentage growth r a t e s  f o r  the  l a s t  t e n  
yea r s  by diameter c l a s s  were about equal ,  ranging 
from 19-25%. It i s  assumed t h a t  thinning would 
have increased t h e  growth r a t e s  of the  remaining 
t r e e s .  

The mean he ight  of those spruce p ine  t r e e s  
measured f o r  he ight  was 43 f e e t  (ranging from 23 
t o  53 f e e t ) .  The major i ty  (60%) of these t r e e s ,  
however, ranged i n  he ight  from 42 t o  52 f e e t  t a l l  
(Figure 2) .  It appears  t h a t  some spruce p ine  
t r e e s  w i l l  e xe r t  dominance and maintain 
r e l a t i v e l y  good growth, a s  t he  t a l l e r  t r e e s  were 
a l s o  i n  t he  l a r g e r  diameter c l a s s e s .  This  s i t e  
( l o b l o l l y  p ine  S I  90) i s  not  an except iona l  s i t e  
f o r  spruce p ine  growth. In  n a t u r a l  s tands  i n  
Louisiana i t  grows b e t t e r  on more moist s i t e s  
where l o b l o l l y  p ine  s i t e  index may be 110 o r  
g r ea t e r .  

The l o b l o l l y  pine t r e e s  averaged 48 f e e t  i n  
he ight  (ranging from 32 t o  59 f e e t ) .  S i t e  index 
based on t he  t a l l e r  l o b l o l l y  t r e e s  was ca l cu l a t ed  
t o  be 90 (50-year s i t e  index curve) ,  



Table  5 ,  S tand d a t a  by d iamete r  c l a s s e s  f o r  20-year-old planta t ion-grown s p r u c e  p i n e  
t r e e s  (5x5 f o o t  s p a c i n g ,  2,0 a c r e s ) ,  

Diameter No, G R ~  GN 2 K t .  D L L ~  
C l a s s  ( i n . )  T r e e s  ( i n .  ) ( i n ,  > ( f t - 1  ( f t ,  > 

increment  growth from age 15-20 y e a r s  
increment  growth from age 10-20 y e a r s  
h e i g h t  t o  f i r s t  l i v e  l imb 
number o f  t r e e s  sampled 

t h a t  10-15 p e r c e n t  of t h e  t r e e s  were  s t r a i g h t  and 
of good form, p a r t i c u l a r l y  i n  t h e  l a r g e r  d iamete r  
c l a s s e s .  

HEIGHT C L A S S  (FT)  

F i g u r e  2. H e i g h t - d i s t r i b u t i o n  of 20-year-dld 
p l a n t a t i o n  grown s p r u c e  p i n e  t r e e s  (5x5 f t ,  
s p a c i n g ) .  

N a t u r a l  pruning of t h e  sp ruce  p i n e  t r e e s  was 
poor  r e l a t i v e  t o  t h e  l o b l o l l y .  Although h e i g h t  
t o  t h e  f i r s t  l i v e  l imb averaged 31 f e e t ,  many 
dead l imbs p e r s i s t e d  on t h e  t r e e s  and v e r y  few 
t r e e s  had a c l e a r  16-foot log .  The h i g h  stem 
d e n s i t y  should improve n a t u r a l  p run ing  s o  i t  i s  
assumed t h a t  wide r  spac ing  than  5x5 f e e t  would 
d e c r e a s e  s tem q u a l i t y .  Poor n a t u r a l  p run ing  can 
b e  a t t r i b u t e d  t o  t h e  shade t o l e r a n c e  o f  sp ruce  
p ine .  Although measurements r e l a t e d  t o  stem form 
were n o t  t aken ,  many of t h e  s m a l l e r  t r e e s  were 
crooked and of poor  q u a l i t y .  We would e s t i m a t e  

Spruce p i n e  can be s u c c e s s f u l l y  e s t a b l i s h e d  
by p l a n t i n g  seedlings on p i n e  s i t e s  i n  t h e  South.  
Spacing as c l o s e  as 5x5 f e e t  may b e  too  dense ,  
r e s u l t i n g  i n  c o n s i d e r a b l e  d e c r e a s e s  i n  growth 
a f k e r  t h e  f i r s t  10 y e a r s .  Height  growth d i d  n o t  
appea r  t o  b e  a f f e c t e d  by spac ing  however. 
Although c o n v e n t i o n a l  s p a c i n g s  such a s  6x8 o r  8x8 
f e e t  would probably i n c r e a s e  growth,  t h e  wide r  
spac ing  could a l s o  c o n t r i b u t e  t o  poor  n a t u r a l  
p run ing  of s p r u c e  p ine .  
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COMPARING GROWTH AHD VZELD BETWEEN 31-YEAR-CLD 

SLASH b2TD EOBLOLLY PINE PLANTATIONS a 

Terry R, Classn and Buaag V, Cao 
2 

A growth comparison s t u d y  between slash and l o b P o l l y  pine 
was established at Eomer, Louisiana in the winter of 1 9 4 9 ,  
Treatment plantings included pure slash, pure lobLoPPy, and 
alternating rows sf slash and l o b l s l l y ,  A t  zge 15 the pure 
slash and bobloLZy plantings w e r e  thinned to 300 TPA, while 
the mixed plantings were not thinned due to high  s lash  p ine  
mortality. Growth data has keen col lec ted  on a periodic bas i s  
since 1956, In 1961, the study was harvested and felled tree 
data collected, After 31 years, s l a sh  and loblo1I.y p i n e  stand 
performance was comparable, Lsblollg pine is the  preferred 
species to plant in northwest Louisiana, 

INTRODUCTION 

Two species of pines have been planted In 
northwest Louisiana, LobloZLy pine (Pinus 
taeda L. )  is native to the region, while slash 
pine (Pinus elliottii Engelm.) Is not. Slash  
pine's natural range does not extend w e s t  of 
the Mississippi River or more than 100 miles 
from the Gulf of Mexico. Planting slash pine 
in north Louisiana will subject it to environ- 
mental conditions different from those under 
which the species evolved. Thus, the suscep- 
tibility of slash pine to damage from disease 
and extreme climatic conditions as its range 
is extended northward is a major concern, 

METNODS AND PROCEDURES 

In 1950, a slash and loblolly pine growth 
comparison study was established at Nower, 
Louisiana. Botk species were planted in pure 
stands and alternating row mixtures at a. 6 x 8 
spacing on 0.5-acre plots with each treatment 
replicated four times, Soil types were fine 

sandy h a m s  of the B o w l e ,  Luverne and Ruston 
series with a site index of 65 fe r  lobLs1J.y p i n e  
a t a g e  25, 

After the 1964 growing season, stocking rate 
of a L E  pure  stands was reduced to 300 trees per 
acre (TPA), Stumps were s p r i n k l e d  w i t h  Borateen 
f o r  Fomes anncrssus cont ro l .  Single-row mixtures 
were not thinned because slash p i n e  mortality was 
ver:J hfgk,  Except for periodic p r e s c r i b e d  burns, 
no f u r t h e r  silvicultural treatments were a p p l i e d  
until the stands were harvested in January 2981, 

DPameter and height  were measured periodi- 
c a l l y  from 1956 to 1980, Merchantable volume to a 
3-inch tcp diameter was ca lcu la ted  us ing  equations 
from Merrffield and Foil (1967). 

Statistical analysis sf t h e  study was con- 
founded in 1956 because h igh  seedling mortality 
arid intense brush competition necessitated ehe 
removal of t w o  replications from the study, To 
prov ide  a val%d statisticak test, three-O,l acre 
mczsurelient plots were established in each o f  the  
remaining 0-5 acre p l o t s ,  

'paper presented at Southern 
Silvicultural Research Conference, Atlanta, 
Georgia, November 4-5, 1982, 

Z~ssociat e Professor, North Louisiana 
Hill Farm Experiment Station, Homer, LA 71040 
and Assistant Professor, School of Forestry 
and Wildlife Xanagement, L.S.U, Baton Rouge, 
LA 70803, Louisiana Agricultural Experiment 
Station. 

RESULTS 

Stand Development Prior t o  Thinning 

Slash and IobEol ly  mortality in pure and 
nixed scands had peaked by age 7 (Table 11, 
Seedling mortality var ied  cons iderab ly  between 



Table 1. Pine stocking for pure and mixed stands of slash and loblolly 
pine from initial planting to stand age 15 

Stand age 
Planting 7 10 13 15 

----------------------(Trees/Acre)---------------------- 

Pure Stands 

Slash 908 616 611 60 1 504 
Loblolly 908 755 750 738 655 

Mixed Stands 

Slash 454 
Loblolly 454 

species with slash losses being greater. 
Slash mortality was 40.0 percent in pure 
stands and 49.1 percent in mixed stands, while 
loblolly had 16.8 and 13.6 percent. From age 
7 to 13 mortality rate averaged 2.3 percent 
for both species in pure stands and 13.4 
percent for slash and 4.6 percent for loblolly 
in mixed stands. Periodic mortality rate 
increased between ages 13 and 15. 
Subsequently, by age 15, slash and loblolly 
totaled 44.4 and 27.8 percent in pure stands 
and 66.1 and 25.3 percent in mixed stands. 

Diameter Growth 

Average diameters during the first 15 
years of growth are presented in Table 2. 
Mean annual incremental diameter increases for 
ages 7, 10, 13 and 15 in pure slash and lob- 
lolly pine stands were similar. Mean annual 
increment (MAI) for both species peaked at age 
10 when slash averaged 0.49 incheslyear and 
loblolly 0.51 inches/year. During the next 5 
years annual increment declined to 0.44 and 
0.43 inches for slash and loblolly. In mixed 
stands, slash had a slower rate of increase 
averaging, at age 15, 0.34 incheslyear, while 
loblolly had a faster rate, averaging 0.51 
incheslyear. 

Height Growth 

Slash and loblolly pine in pure stands 
averaged 45 and 46 feet in height at age 15 
(Table 3) .  Average height growth for each 
species was the 29 feet from age 7 to 15. In 
mixed stands slash and loblolly height growth 
differed greatly. By age 15, slash pine 
averaged 41 feet in height and loblolly 47 
feet. In addition, height growth between ages 

7 and 15 averaged 27 and 30 feet for slash and 
loblolly, respectively. 

Basal Area Growth 

Pure stand basal area reached a maximum 
at age 15 for both slash and loblolly pine 
(Table 4). Mean annual basal area increments 
varied by species at ages 7, 10, 13, and 15. 
Although basal area growth of slash during the 
first 15 years was less than loblolly, the 
growth pattern of both species was similar. 
Maximum (MAI) , 9.2 ft2/acre for slash and 11.3 
f t2/acre for loblolly, was achieved by age 13. 
Mortality in both slash and loblolly stands 
between ages 13 and 15 resulted in a MA1 at 
age 15 of 8.3 and 10.3 ft2/acre for slash and 
loblolly, respectively. Basal area for slash 
pine in mixed stands totaled 22 ft2/aere at age 
15 compared to a loblolly total of 114 ft2. 

Merchantable Volume Growth 

Volume growth results were similar to 
basal area (Table 5) .  By age 15, pure slash 
had accumulated 1815 ft3/acre with a MA1 of 
121 ft3/acre and loblolly 2235 ft3/acre with a 
MA1 of 149 ft3. Both species reached a 
maximum MAI, 133 ft3 for slash and 153 ft3 for 
loblolly, by age 13. Subsequent mortality 
attributed to a decline in MA1 at age 15. 
After 15 years, volume growth of slash pine in 
mixed stands was inferior to loblolly 
producing only 225 ft3/acre with a MA1 of 15 
ft3/ acre. Loblolly yielded 1779 f t3/acre with 
a MA1 of 118.6 ft3/acre. 



Table 2.  Average DBH f o r  pure and mixed s t a n d s  of s l a s h  and l o b l o l l y  
p ine  from s tand  age 7 t o  15 

Stand age  
7 10 13 15 

....................... (Inches)-------------------- 
Pure Stands 

S l a s h  3.3 
Loblo l ly  3.3 

Mixed Stands 

S lash  2.8 
Loblo l ly  3.8 

Table 3. Average he igh t  f o r  pure and mixed s t a n d s  of s l a s h  and l o b l o l l y  
p ine  from t o  s tand  age 7 t o  15 

....................... (~e~t)---------------------- 

Pure Stands 

S lash  16 
Loblo l ly  17 

Mixed Stands 

S lash  14 
Loblo l ly  17 

Table 4. Basal  a r e a  f o r  pure and mixed s t a n d s  of s l a s h  and l o b l o l l y  
p ine  from t o  s tand  age 7 t o  15 

Stand age 
7 LO 13 15 

---------.,.---------- 2 (Feet /Acre)------------------- 
Pure Stands 

S lash  3 7 
Loblo l ly  47 

Mixed Stands 

S lash  10 
Loblo l ly  32 



Table 5 .  Merchantable volume for pure and mixed stands of slash and 
loblolly pine from stand age 7 to 15 

Stand age 
7 10 13 15 

-----...--------...----- (Feet3 /Acre) ------------------- 
Pure Stands 

Slash 280 87 2 
Loblolly 360 1160 

Mixed Stands 

Slash 8 0 
Loblolly 232 

Table 6 .  Stand data for pure stands of slash and loblolly pine thinned 
at age 15 

Trees Basal area Volume 

(Inches) (Feet) 
2 

(Feet ) 3 (Feet ) 

Slash 504 6.6 45 125.0 1815 
Loblolly 655 6.4 46 153.7 2235 

Slash 203 6.2 4 4 44.7 621 
Loblolly 359 5.9 45 71.7 982 

Slash 30 1 6.9 4 6 80.3 1193 
Loblolly 296 7 .1  48 82.0 1253 

Stand Development After Thinning 

Thinning 

Prior to the 1964 thinning pure slash and 
loblolly stands contained 1815 and 2235 
f t3/acre of merchantable volume (Table 6). 
Wood volumes removed during the thinning 
averaged 621 ft3/acre for slash and 982 
f t3/ acre for loblolly . Average stand diameter 
following thinning increased from 6.6 to 6.9 
inches for slash and 6.4  to 7.1 inches for 
loblolly, and residual stand volumes were 1193 
and 1253 ft3/acre, Since the mixed stands 

were not thinned in 1964, further growth 
comparisons were discontinued. 

Mortality 

At age 31 mortality rate in the thinned 
slash and loblolly stands was 33.6 and 23.9 
percent (Table 7 ) .  Following the thinning 
periodic mortality rate until age 24 was 
approximately 5 percent for both species. 
Between ages 24 and 27 slash stand experienced 
a periodic mortality rate of 17 percent, while 
loblolly had only 4 percent. Subsequently, 
both species had a mortality rate of 16 percent 
for the 27 to 31 year growth period. 



Diameter Growth 

Table 7. Pine stocking f o r  pure s tands  of s l a sh  and lob lo l ly  pines from 
thinning a t  s tand age 15 t o  age 31 

Stand age 
15 2 1 2 4 2 7 3 1  

Slash 30 1 29 1 286 237 200 

Loblolly 296 283 278 267 225 

Table 8. Average DBH f o r  pure s tands  of s l a sh  and lob lo l ly  pine from 
thinning a t  s tand age 15 t o  age 31 

Stand age 
15 2 1 2 4 27 3 1  

Slash 6.9 8.0 8.8 9.4 9.9 

Loblolly 7.1 8.1 8.7 9.3 9.8 

Average diameter increase  during the  16 
years  a f t e r  thinning favored s l a sh  pine (Table 
8 ) .  The mean annual incremental diameter 
increase  f o r  s l a sh  and lob lo l ly  pine was 0.186 
and 0.169 inches. Through age 24 s l a s h  pine 
diameter increased a t  an annual r a t e  of 0.211 
inches,  while l ob lo l ly  increased by 0.177 
inches. Although the  s l a s h  s tands  had 62 
percent  more mor ta l i ty  than lob lo l ly  between 
ages 24 and 31, annual diameter increase  f o r  
both spec ies  was 0.157 inches. 

Basal Area Growth 

By age 31, basa l  a r ea  i n  the  s l a sh  and 
lob lo l ly  stands had increased by 30.6 and 39.9 
f t 2 / ac re ,  respect ive ly  (Table 10). Nine years  
a f t e r  thinning,  through age 24, s l a sh  pine 
basa l  a rea  growth exceeded lob lo l ly  by 6 
f t 2 / ac re ,  averaging 4.77 f t 2 / a c r e  annually. 
High s l a sh  mor ta l i ty  between ages 24 and 27 
r e su l t ed  i n  a 5 f t 2 / a c r e  basa l  a r ea  reduction. 
During the  same period lob lo l ly  basa l  a rea  
increased by 11 f t2 / ac re .  From age 27 t o  31, 
both spec ies  experienced an 8 f t 2 / a c r e  dec l ine  
i n  basa l  area.  

Height Growth 
Merchantable Volume Growth 

From age 15 t o  21 s l a s h  pine height  
growth averaged 2.83 f t l y e a r  which was 0.7 
foo t  g rea t e r  than lob lo l ly  (Table 9) .  An i c e  
storm a t  age 24 reduced per iodic  annual growth 
between ages 21 and 24 t o  1 foot  f o r  each 
species.  I n  t he  succeeding th ree  years  (ages 
24 t o  27) s l a s h  and lob lo l ly  s tands  averaged 3 
f t / y e a r .  Average height  i n  the  s l a s h  stand 
declined by 1 foot  from age 27 t o  31, while 
l ob lo l ly  increased by 3 f ee t .  By age 31, 
height  i n  both stands averaged 74 f e e t .  

Since the  1964 thinning,  s l a s h  and 
lob lo l ly  stands have produced 1896 and 2103 
f t3/ acre  of merchantable volume, respect ive ly  
(Table 11). Slash pine exhibited an ea r ly ,  
rap id  response t o  thinning. From age 15 t o  24, 
s l a sh  pine volume growth exceeded lob lo l ly  by 
176 f t3 /acre .  Slash MA1 during t h i s  period 
surpassed lob lo l ly  by 19.6 it3. Slash pine 
mor ta l i ty ,  between ages 24 and 27, reduced 
volume growth f o r  t he  period t o  60 percent of 
t he  previous 3 years.  Concurrently, l ob lo l ly  
volume growth was 531 f t3 / ac re ,  nearly 
doubling s l a s h  growth. Over the  f i n a l  4 years ,  
ages 27 t o  31, s l a s h  stand growth was 33 
percent l e s s  than loblo l ly .  



Table 9. Average he ight  f o r  pure s tands  of s l a s h  and l o b l o l l y  p ine  from 
th inning  a t  s tand  age 15 t o  age 31 

Stand age 

S lash  4 6 63 66 7 5 7 4  

Loblol ly 48 6 1 63' 7  1 7 4  

'~veragge he ight  of t r e e s  su f f e r i ng  no crown damage. Average he ight  
of t r e e s  wi th  broken tops  was 51 and 52 f e e t  f o r  s l a s h  and l o b l o l l y  p ine ,  
respec t ive ly .  

Table 10. Basal a r ea  f o r  pure s tands  of s l a s h  and l o b l o l l y  p ine  from 
th inning  a t  s tand  age 15 t o  age 31 

Stand age 
15 2 1 2 4 2 7 31 

...................... 2 Feet  /Acre---------------------- 

S lash  80.3 104.8 123.2 118.3 110.9 

Loblol ly 82.0 102.6 118.9 129.8 121.2 

Table 11. Merchantable volume f o r  pure s t ands  of s l a s h  and l o b l o l l y  
p ine  from th inning  a t  s tand  age 15 t o  age 31 1 

Stand age 
15 2 1 2 4 27 31 

Slash  1193 1994 2619 2889 3089 

'volume t o  a  3-inch top using equat ions from Mer r i f i e l d  and F o i l  
(1967). [1964, 1970:Fom Class 67; 1973, 1976: Form Class 72; and 1980: 
Form Class 771. 



DISCUSSION 

S l a s h  p ine  s t a n d s  i n  northwest Louisiana 
grew w e l l  y i e l d i n g  3710 f t 3 / a c r e  of t o t a l  
merchantable volume a t  age 31. By age 15, 
even though t h e  i n i t i a l  s tand  s tock ing  r a t e  
had been reduced by 44.4 percen t ,  s l a s h  p ine  
performance exceeded p r e d i c t e d  growth va lues  
f o r  an  equiva len t  s i t e  index i n  c e n t r a l  
Louisiana (Mann, 1971). F o i l  e t  a l .  (1964) 
r e p o r t e d  growth of young s l a s h  and l o b l o l l y  
s t a n d s  a t  s e v e r a l  l o c a t i o n s  i n  n o r t h  Louisiana 
was comparable wi th  r e s p e c t  t o  i n d i v i d u a l  t r e e  
s i z e  and s tand  volume. Stand growth t r e n d s  a t  
age 24 corresponded t o  those  repor ted  f o r  
thinned s l a s h  s t a n d s  i n  c e n t r a l  Louisiana 
(Feduccia, 1977). I n  a d d i t i o n ,  t h e r e  was no 
evidence t h a t  t h e  growth of s l a s h  p ine  was 
more s u s c e p t i b l e  than l o b l o l l y  t o  t h e  d e t r i -  
mental  e f f e c t s  of d i s e a s e ,  i n s e c t s ,  and severe  
c l i m a t i c  condi t ions .  Thus, a r t i f i c i a l l y  
e s t a b l i s h e d  s l a s h  p ine  s t a n d s ,  which were 
th inned  a t  age 15, have adapted t o  t h e  growth 
condi t ions  of northwest Louisiana.  

A comparison of p e r i o d i c  changes i n  s t a n d  
a t t r i b u t e s  through age 15 (Tables 1-5) 
i n d i c a t e s  t h a t  e a r l y  growth and development 
p a t t e r n s  of pure s l a s h  and l o b l o l l y  p i n e  were 
comparable. I n d i v i d u a l  tree a t t r i b u t e s ,  DBH 
and h e i g h t ,  were l a r g e r  i n  t h e  s l a s h  s t a n d s ,  
whi le  l o b l o l l y  s tands  had g r e a t e r  b a s a l  a r e a  
and volume a s  a  r e s u l t  of h igher  s tocking.  
A f t e r  th inn ing ,  a l l  s t a n d  a t t r i b u t e s  f o r  t h e  
300 r e s i d u a l  s l a s h  p ines  p e r  a c r e  were l e s s  
than  those  f o r  l o b l o l l y  (Table 6 ) .  These 
r e s u l t s ,  a l though 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 ,  suggest  t h a t  i n d i v i d u a l  s l a s h  
p ine  growth and development w i t h i n  a  s tand  was 
i n f e r i o r  t o  l o b l o l l y  pine.  Also, it should be 
noted t h a t  during t h e  e n t i r e  15-year-growth 
per iod  s l a s h  s tock ing  was n e a r l y  30 percen t  
l e s s  than l o b l o l l y  . 

Varying a b i l i t y  of i n d i v i d u a l  s l a s h  and 
l o b l o l l y  p ines  t o  compete f o r  a v a i l a b l e  grow- 
ing  space is  i l l u s t r a t e d  by t h e  growth p a t t e r n  
of s t a n d s  con ta in ing  s i n g l e  row mixtures  of 
s l a s h  and l o b l o l l y  (Tables  1-5). I n i t i a l l y ,  
h igh  s e e d l i n g  m o r t a l i t y  placed s l a s h  p i n e  i n  
an  unfavorable  competi t ive p o s i t i o n .  Even 
though adequate growing space was a v a i l a b l e ,  
s l a s h  p i n e  performance dec l ined  cont inua l ly .  
F i n a l l y ,  by age 15, t h e  mixed s t a n d s  were 
completely dominated by l o b l o l l y  and t h e  few 
remaining s l a s h  p ines  were r e l e g a t e d  t o  
suppressed p o s i t i o n s .  Thus, l o b l o l l y  p ine  
appeared t o  be t h e  more aggress ive  spec ies .  

At age 31, 16 years  a f t e r  th inn ing ,  
s tand ing  and t o t a l  merchantable volume y i e l d s  
f o r  pure s l a s h  and l o b l o l l y  s t a n d s  were 3089 and 
3356 f t 3 / a c r e  ( s tand ing)  and 3710 and 4338 
f  t 3 / a c r e  ( t o t a l )  . Although volume growth dur ing  
t h e  16 y e a r  per iod  d i d  no t  vary  by s p e c i e s ,  t h e  
p a t t e r n  of growth d id .  This  v a r i a t i o n  i n  s t a n d  
growth p a t t e r n  demonstrates  t h e  d i f f e r e n c e  
between s p e c i e s  wi th  r e s p e c t  t o  i n d i v i d u a l  t r e e s  
t o l e r a t i n g  competi t ion w i t h i n  t h e  s tand .  From 
age 15 t o  24, when s tand  competi t ion was 
minimal, merchantable growth i n  t h e  s l a s h  s t a n d s  
exceeded l o b l o l l y  by 14 percen t .  S lash  growth 
during t h i s  per iod  produced 75 percent  of t h e  
s t a n d s  growth a f t e r  th inn ing ,  while  l o b l o l l y  
produced 60 percen t .  A s  competi t ion i n t e n s i f i e d  
between ages 24 and 31, s l a s h  y i ~ l d s  were 82 
percen t  l e s s  than l o b l o l l y .  A t  age 31, t h e  mean 
i n d i v i d u a l  t r e e  volume f o r  t h e  l a r g e s t  100 TPA 
was 20.77 and 23.25 f t 3  f o r  s l a s h  and l o b l o l l y ,  
r e s p e c t i v e l y .  

CONCLUSIONS 

1. Slash  p ine  grown i n  managed p l a n t a t i o n s  
produced a e e e p t i b l e  wood y i e l d s  i n  
northwest Louisiana. 

2. Wood y i e l d s  from managed s l a s h  and l o b l o l l y  
p i n e  p l a n t a t i o n s  i n  northwest Louisiana 
were comparable. 

3. I n d i v i d u a l  t r e e  growth i n  managed l o b l o l l y  
p ine  p l a n t a t i o n s  was s u p e r i o r  t o  s l a s h  
pine.  

4. I n  northwest Louisiana,  s l a s h  p ine  should 
no t  be p lan ted  i n  p re fe rence  t o  l o b l o l l y  
pine.  
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Abstract.--This paper r e p o r t s  on a  s tudy t o  provide 
v a r i a b l e  d e n s i t y  y i e l d  t a b l e s  f o r  red oak-sweetgum s tands .  
Data c o l l e c t i o n  from a t o t a l  of 150 p l o t s  has  r e c e n t l y  been 
completed. Prel iminary a n a l y s e s  have provided y i e l d  
equa t ions  f o r  cubic-foot and board-foot volumes, Fur ther  
a n a l y s i s  i s  planned. 

Growth and y i e l d  information is  v i t a l  f o r  
making management d e c i s i o n s  no mat te r  What t h e  
f o r e s t  type o r  s p e c i e s .  However, such 
information is extremely s c a r c e  f o r  most 
southern bottomland hardwood types  and 
in format ion  based on long-term s t u d i e s  does not  
e x i s t .  The Hardwood Research Council r e c e n t l y  
l i s t e d  growth and y i e l d  work a s  a  "most urgent" 
research  p r i o r i t y  f o r  e a s t e r n  hardwoods 
(McLintock 1979). 

Normal y i e l d  t a b l e s  have been cons t ruc ted  
f o r  i n d i v i d u a l  s p e c i e s  such a s  yellow-poplar 
(Lir iodendron t u l i p i f e r a  L,) (McCarthy 1933), 
a sh  ( S t e r r e t t  1915, c i t e d  by Evans, Burkhart ,  
and Parker  1975) and f o r  upland oaks (Quercus 
spp .) (Schnur 1937), bu t  such information is n o t  
a v a i l a b l e  f o r  most sou thern  hardwood types.  The 
North Carol ina S t a t e  Hardwood Research 
Cooperative has  publ ished d a t a  on y i e l d s  of 
n a t u r a l  hardwood s t a n d s  i n  t h e  sou theas  t e r n  
United S t a t e s .  A f i r s t  r e p o r t  was issued i n  
1975 (Smith e t  a l . )  and a  second r e p o r t  (Gardner 

L/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 4-5, 1982. Funds f o r  t h i s  s tudy were 
provided by t h e  U,  S. Fores t  S e r v i c e ' s  
Southern Hardwoods Laboratory under 
Cooperative Agreement 19-81-30 wi th  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  
Experiment S t a t i o n .  

' T h e  a u t h o r s  a r e  p r o f e s s o r ,  a s s i s t a n t  
p r o f e s s o r ,  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 .  Cont r ibu t ion  No. 5318 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  Experiment 
S t a t i o n .  

e t  a l . )  p resen t ing  improved e s t i m a t e s  was 
publ ished i n  1982. The d a t a  on which both of 
t h e s e  r e p o r t s  a r e  based came from f u l l y  s tocked 
s t a n d s .  

Perhaps t h e  hardwood s p e c i e s  f o r  which t h e  
most comprehensive growth and y i e l d  information 
i s  a v a i l a b l e  i s  yellow-poplar . Diameter 
d i s t r i b u t i o n s  and y i e l d s  f o r  v a r i o u s  
combinations of s i t e  index,  age and d e n s i t y  f o r  
unthinned and l a r g e l y  undis turbed s t a n d s  of 
yellow-poplar have been presented by McGee and 
Della-Bianca (1967) and Beck and Della-Bianca 
(1970). A 1972 p u b l i c a t i o n  by Beck and 
Della-Bianca p r e s e n t s  growth and y i e l d  e s t i m a t e s  
f o r  thinned yellow-poplar s t a n d s .  

The purpose of t h i s  paper is  t o  r e p o r t  on 
t h e  s t a t u s  of a  research  p r o j e c t  designed t o  
develop v a r i a b l e  d e n s i t y  y i e l d  t a b l e s  f o r  t h e  
red oak-sweetgum (Quercus spp. and Liquidambar 
s t y r a c i f l u a  L.) type. This mixture of two 
s p e c i e s  occurs  widely i n  both major and minor 
s t ream bottoms and is  of cons iderab le  economic 
importance. Variable  d e n s i t y  y i e l d  t a b l e s  w i l l  
be h e l p f u l  i n  t h e  management of these s t a n d s .  
In  r e p o r t i n g  on our  p r o j e c t ,  we w i l l  p resen t  o u r  
d a t a  c o l l e c t i o n  methods, provide an overview of 
t h e  d a t a  t h a t  a r e  a v a i l a b l e ,  p resen t  p re l iminary  
y i e l d  equa t ions ,  and d e s c r i b e  our f u t u r e  p l a n s .  

METHODS AND DATA 

The e f f o r t  t o  develop y i e l d  t a b l e s  f o r  red 
oak-sweetgurn s t a n d s  r e p r e s e n t s  only one a s p e c t  
of a l a r g e r  coopera t ive  research  p r o j e c t  wi th  
t h e  U ,  S. Forest  S e r v i c e ' s  Southern Hardwoods 
Laboratory. Under t h i s  p r o j e c t  , measurements 



have been taken on 150 sample p l o t s  i n  red 
oak-swee tgum s tands  , We were f o r t u n a t e  
t o  have the  a s s i s t a n c e  of an experienced 
hardwood f o r e s t e r  on t h i s  p r o j e c t .  Sample p l o t  
l o c a t i o n s  were se lec ted  by M r .  E. C. Burkhardt,  
formerly Chief F o r e s t e r  of Anderson-Tully 
Company. M r .  Burkhardt a l s o  p a r t i c i p a t e d  i n  and 
supervised f i e l d  p l o t  measurement. 

For each t r e e  con ta in ing  a number 1, 2 ,  o r  
3 f a c t o r y  sawlog according t o  U. S. Fores t  
Serv ice  s p e c i f i c a t i o n s ,  t h e  l eng th  and grade of 
t h e  f i r s t  useable sawlog was recorded and h e i g h t  
measurements, inc lud ing  t o t a l  t r e e  h e i g h t ,  
merchantable h e i g h t ,  he igh t  to  base of the  l i v e  
crown, and h e i g h t s  t o  4-, 6-, and 8-inch o u t s i d e  
bark diameters  , were taken. 

S e l e c t i o n  and Locat ion of Study P l o t s  
YIELD ESTmATES 

Study p l o t  s e l e c t i o n  was based pr imar i ly  on 
s tand  composition. A t  l e a s t  75 percen t  of t h e  
t o t a l  basa l  a r e a  of a l l  p l o t s  had t o  be sweetgum 
o r  oak spec ies .  Fur ther ,  t h e  meetgum and oak 
s p e c i e s  group each had t o  account f o r  a t  l e a s t  
20 percen t  of t h e  t o t a l  b a s a l  a r e a .  

For t h e  most p a r t ,  sample s tands  were 
loca ted  i n  minor stream bottoms i n  c e n t r a l  
Miss i ss ipp i .  The p l o t s  were s e l e c t e d  t o  
r e p r e s e n t  the  widest  p o s s i b l e  range of age, 
s tand d e n s i t y  and s i t e  q u a l i t y  c l a s s e s .  Al l  
p l o t s  were located i n  even-aged s tands .  Basal 
a r e a  var ied  from 44 t o  over  240 square f e e t  per  
a c r e ,  though 98 percen t  of t h e  b a s a l  a r e a s  were 
l e s s  than 190 square f e e t .  Age (of the  oak 
s p e c i e s )  ranged from 19 t o  82 years .  

All  p l o t s  were monumented f o r  r e l o c a t i o n  
wi th  t h e  hope t h a t  f u t u r e  remeasurements may be 
poss ib le .  Such da ta  w i l l  be extremely va luab le  
and al low development of improved growth 
p r e d i c t  ion  systems. 

P lo t  Measurements 

C i r c u l a r  measurement p l o t s  were used i n  
t h i s  s tudy.  The p l o t  s i z e  i n  a s tand  var ied  so 
a s  t o  cap ture  a t  l e a s t  50 t r e e s  bu t  no p l o t  was 
l e s s  than 1 t e n t h  of an  a c r e .  On each p l o t  a l l  
t r e e s  with a DBH of a t  l e a s t  3.5 inches were 
numbered, tagged, and t h e  fol lowing d a t a  
recorded f o r  each t r e e :  

1 ,  spec ies ,  

2. DBH, 

3. crown c l a s s ,  

4, damage codes ( i f  a p p l i c a b l e ,  e .g . ,  
cankered, s p l i t ,  l i g h t n i n g  damaged, 
e t c . ) ,  and 

5 ,  d i s t a n c e  and magnetic azimuth from 
p lo t  c e n t e r ,  

On a subsample of t e n  red oaks, t e n  
sweetgum, and f i v e  o t h e r  s p e c i e s ,  a d d i t i o n a l  
measurements were taken including:  

1. t o t a l  t r e e  h e i g h t ,  

2 ,  he igh t  t o  base of t h e  l i v e  crown, and 

Data c o l l e c t i o n  was completed i n  e a r l y  
October, 1982. Consequently, t h e r e  has not  been 
much time f o r  da ta  p repara t ion ,  e d i t i n g ,  
summarization, and inodel f i t t i n g  . Our 
prel iminary ana lyses  appear promising but  a l l  
r e s u l t s  presented a t  t h i s  time should 
n e c e s s a r i l y  be considered t e n t a t i v e .  

Cubic foo t  volumes of sweetgum t r e e s  were 
c a l c u l a t e d  from equat ions presented by Reams e t  
a l .  (1982). Cubic f o o t  volumes of red oak t r e e s  
were c a l c u l a t e d  by an equat ion f o r  southern red  
oak obtained from the  Resources Evaluat ion 
Pro jec t  of t h e  Southern Fores t  Experiment 
S t a t i o n  based on work done by Dave Lenhart and 
a s s o c i a t e s  a t  Stephen F. Austin S t a t e  
Univers i ty .  Cubic f o o t  volumes of o t h e r  
hardwoods were c a l c u l a t e d  from a composite 
equa t ion  based on unpublished work of Matney. 
All  cubic foo t  volumes were ca lcu la ted  t o  a 
4-inch, o u t s i d e  bark top diameter .  Board f o o t  
volumes of red oak, sweetgum, and o t h e r  
hardwoods were obtained using Girard form c l a s s  
t a b l e s  assuming a form c l a s s  of 78. Board f o o t  
volumes a r e  expressed i n  terms of t h e  
I n t e r n a t i o n a l  &-inch log r u l e .  

Analysis  f o r  y i e l d  es t imates  was 
accomplished by using a model previously used by 
Smith e t  a l .  (1975). This model a l lows 
p r e d i c t i o n  of y i e l d  from func t ions  of age,  t o t a l  
h e i g h t  of merchantable t r e e s ,  and basa l  a r e a .  
S p e c i f i c a l l y  , the  model was : 

where Log = logari thm t o  the  base 10, 
V = volume, 
A = age of oak, 
H = average he igh t  of merchantable 

oak t r e e s ,  and 
B = b a s a l  a r e a  of a l l  spec ies .  

Cubic Foot Yield of A l l  Species  

A l l  independent v a r i a b l e s  of the  model f o r  
cubic f o o t  y i e l d  ( a l l  spec ies )  were h igh ly  
s i g n i f i c a n t  and the  logari thm of cubic f o o t  
y i e l d  per a c r e  was est imated by: 

Log CFV(al1) = 1.36 - 33.3(1/A) + 13.7(Log H/A) 

3. crown width. 



This  equat ion accounted f o r  92.1 percen t  of 
the  v a r i a t i o n  i n  logari thm of volume with a  
s tandard  e r r o r  about t h e  regress ion  l i n e  of 
0.00267. A p l o t  of p red ic ted  va lues  a g a i n s t  
observed va lues  showed good agreement and a  
r e g r e s s i o n  of these  two v a r i a b l e s  produced an 
i n t e r c e p t  of zero and a  s lope c o e f f i c i e n t  of 
one. 

Board Foot Yield of Al l  Spec ies  

Data from t h e  148 p l o t s  having board f o o t  
volumes g r e a t e r  than 0 were used t o  f i t  the  
model f o r  board f o o t  volume y i e l d s .  A l l  
independent v a r i a b l e s  of t h e  y i e l d  model were 
h igh ly  s i g n i f i c a n t  and logari thm of board-foot 
y i e l d  is  est imated by: 

Log B F ~ ( a l 1 )  = 2.17 - 124.(1/A) + 51.5(Log H/A) 

+ .972 Log B. 

This  equat ion accounted f o r  70.8 percen t  of 
the  v a r i a t i o n  i n  logar i thm of y i e l d  wi th  a  
s tandard  e r r o r  about t h e  regress ion  of 0.0523. 
Again, a  p l o t  of observed versus  p red ic ted  
v a l u e s  showed c l o s e  agreement and a  regress ion  
of these  two v a r i a b l e s  produced an i n t e r c e p t  o f  
ze ro  and a  s lope  c o e f f i c i e n t  of one. 

Cubic Foot and Board Foot Yields of Oak 

I n  an  e f f o r t  t o  e x p l o r e  t h e  p o s s i b i l i t y  of 
p r o j e c t i n g  y i e l d s  of i n d i v i d u a l  spec ies  i n  t h i s  
type ,  an  equat ion was f i t t e d  t o  p r e d i c t  cubic 
foo t  y i e l d  of the  oak s p e c i e s  group. The model 
f i t t e d  was t h e  same a s  given above wi th  the  
a d d i t i o n  of Log(BAO/B) , where BAO is the  b a s a l  
a r e a  per  a c r e  i n  the  oak s p e c i e s  group. Once 
again a l l  c o e f f i c i e n t s  were h igh ly  s i g n i f i c a n t  
and logari thm of cubic f o o t  y i e l d  of oak is 
est imated by: 

Log CFV(oak) = 1.36 - 41.8(l/A) + 19.7(Log H/A) 

+ 1.15 Log B + 1.09 Log(BAO/B). 

This  equat ion accounted f o r  98.2 percen t  of 
t h e  v a r i a t i o n  i n  logari thm of cubic f o o t  y i e l d  
of oak with a  s tandard e r r o r  about t h e  
regress ion  of 0.00121. 

The same equat ion model was f i t t e d  f o r  
board f o o t  volume. All  c o e f f i c i e n t s  were h igh ly  
s i g i n i f i c a n t  and board f o o t  volume of oak is 
est imated by: 

Log BFV(oak) = 2.38 - 1 8 8 . ( l / ~ )  + 89.O(Log H/A) 

+ .795 Log B + .738 Log (BAO/B). 

This  equat ion accounted f o r  68.2 percen t  of 
the  v a r i a t i o n  i n  logari thm of oak board f o o t  
y i e l d  and had a  s tandard e r r o r  about t h e  
r e g r e s s i o n  l i n e  of 0.0563. 

COMCLUS I O N  

A s  mentioned e a r l i e r ,  these  r e s u l t s  a r e  
based on our  prel iminary ana lyses  and are 
considered t e n t a t i v e  a t  t h i s  time. However, t h e  
r e s u l t s  appear promising and lead us t o  b e l i e v e  
t h a t  we can provide u s e f u l  information f o r  t h e  
red oak-sweetgum type d i c h  is widely d i spersed  
throughout Southeastern f o r e s t s .  This  
information should be a  va luab le  mnagement t o o l  
f o r  f o r e s t e r s  and landowners making d e c i s i o n s  
about s tands  l i k e  those considered i n  t h i s  
s tudy . 

We plan t o  make a d d i t i o n a l  ana lyses  of t h e  
d a t a  obtained i n  t h i s  work. In a d d i t i o n  t o  
cons idera t ion  of a l t e r n a t i v e  models f o r  
p r e d i c t i o n s  presented i n  t h i s  paper, we w i l l  
examine s i t e  index p r e d i c t i o n ,  b a s a l  a r e a  growth 
and biomass p r e d i c t i o n s  f o r  these s tands .  
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RATE OF R E W  FROM FERTILIZATION OF SmMTURE 

suss PINE PWTATION&/ 
2 / Duane R. Dippon- 

John T. ~heltonl/ 

Abstract.--Fertilization trials were established with 
semimature slash pine plantations on 5 soil groupings. 
Eight treatments in a 2 by 4 factorial with phosphorous and 
nitrogen were broadcast on the plots. Individual tree 
volume and diameter growth equations were estimated for both 
5 and 8 years after treatment. Stumpage products production, 
differentiated by merchantability limits and value per cubic 
foot, were estimated for each treatment and soil type. The 
rate of return was estimated for each combination of outputs 
and length of investment. The results from this series of 
fertilization trials indicates that the profitability of 
treatment, as measured by rate of return, varies by soil 
group, length of investment, and mixture of merchantable 
products . 

INTRODUCTION 

Forest fertilization has increasingly been 
recognized as a silvicultural tool for expanding 
fiber yields from pine plantations in the south- 
eastern coastal plain. By mid-1978, approximately 
900,000 acres in the South had been treated with 
some type of fertilizer with continuing treatments 
predicted at a rate of 250,000 acres per decade 
(Bengtson 1979). Since the early work by 
Pritchett (1961), most of the scientific analysis 
of fertilization in the coastal plain region has 
focused on the treatment at stand establishment 
and the nutrient requirements of various southern 
yellow pine species. More recently (Fisher and 
Garbett 2980) determined that the probability 
and magnitude of growth response of semimature 
slash pine (Pinus elliotti var. elliottii Engelm.) 
varies from site to site. They developed mor- 
phological soil groupings which were found to 
provide a means to better estimate fertilizer 

- Paper presented at Southern Silvicultural 
Research Conference, Atlanta, Georgia, November 
6-7, 1982. 
- 2/ Assistant Professor, School of Forest 
Resources and Conservation, University of Florida, 
Gainesville. 32611. 
21 Visiting Assistant Professor, Department of 
Mathematics, University of North Carolina at 
Greensboro, 27412. 

response of slash pine. Their soil groupings are 
presented in Table 1 as part of the Cooperative 
Research in Forest Fertilization (CRIFF) program 
at the University of Florida. 

Although it is valuable to know that com- 
.mercial tree species will respond to fertiliza- 
tion at stand initiation or at mid-rotation, of 
fundamental importance to management is treatment 
profitability. Moderately high growth rates were 
found to cause no deterioration of important wood 
properties (Gentle et al. 1968), thus acceler- 
ated volume growth can be used for the same 
product and thereby command equivalent market 
prices as normal volume. 

Among the numerous studies which have exam- 
ined the profitability of forest fertilization is 
a recent regional analysis by Fight and Dutrow 
(1980). They developed estimates of before-tax 
real rates of return on fertilization of Douglas- 
fir in the Pacific Northwest and slash pine in the 
Southeast. Although the real rates of return 
varied by species, broad soil type, and timing, 
the top rates were near 30% in both regions. 
This study is useful in explaining why certain 
lands should be fertilized, but their analysis 
ignored the price differentials of resulting 
larger-dimensioned stock. Such price differences 
occur because large diameter stemwood can be 
utilized in relatively higher valued primary or 
secondary products than smaller diameters. 



Given that the volume growth response of 
slash pine varies by soil group and number of 
years between treatment and harvest, it was 
hypothesized that the stumpage product mix varies 
also because of the resulting different diameter 
class distributions, This analysis was designed 
to demonstrate the before-tax rate of returnfrom 
semimature slash pine fertilization return from 
semimature slash pine fertilization for various 
soil groups, fertilizer mixes, and output com- 
binations. 

treatments were arranged in a 2 x 4  factorial with 
phosphorous (P) at 0 and 50 pounds per acre and 
nitrogen (N) at 0, 50 100 and 200 pounds per acre. 
The fertilizer was broadcast on the plots, N in 
the form of urea and P in the form of concentrated 
super phosphate. 

At the time of fertilization, the breast 
height diameters of all trees in each plot were 
measured. Additionally, the heights of six ran- 
domly sleeted trees were measured on each plot 

Table 1. 
CRIFF Soil Groups 

Soil groups Drainage class B Horizon Subgroups equivalents 

Very poorly to somewhat 
poorly drained 

Typic and Plinthic 
Aquults 

A (fine-textured 
savanna soils) 

No spodic horizon; 
argillic within 50cm 

B (coarse-textured) 
savanna soils) 

Very poorly to somewhat 
poorly drained 

No spodic horizon; 
argillic below 5Ocm 

Arenic and Grossarenic 
Aquu 1 ts , Aquen ts and 
Aquep ts 

C (ultic flatwoods 
soils) 

Very poorly to somewhat 
poorly drained 

Spodic and argillic 
present 

Ultic Aquods and Humods 

Typic, Aeric, and Arenic 
Aquods and Humods 

D (typic flatwood 
soils) 

Poorly to moderately 
well drained 

Spodic but no agrillic 
horizon 

E (fine-textured 
upland soils) 

Moderately well to well 
drained 

No spodic horizon; 
agrillic below 50cm 

Typic and Plenthic 
Uldulta Typic and 
Typic and Plinthic 
Uldul ta 

F (coarse-textured 
upland soils) 

Moderately well to well 
drained 

No spodic horizon; 
argillic below 50cm 

Arenic and Grossarenic 
Udults Umbrepts and 
Ochrep ts 

G (dry sands) Somewhat excessively to 
excessively drained 

No spodic horizon; 
argillic may or may 
not be present 

Psamments 

and regression equations were developed to predict 
the volume from measured DBH for every tree and 
each plot. Tree DBH and height for all trees on 
each measurement plot were measured after 5 and 
after 8 growing seasons. Volume per tree outside 
bark to a 3-inch top was calculated for all meas- 
ured trees using the measured DBH and height in 
the volume formula from Bennett et al. (1959). 

METHODS 

The fertilization trials were established in 
semimature (15 to 18 years of age) slash pine. 
Blocks of 8 treated plots each were divided as 
plantations in Georgia and Florida. Forty-five 
blocks of 8 treated plots each were divided as 
follows among 5 soil groups: 

A polynominal regression equation with the 
treatment levels of N and P, and the original 
tree's volume or DBH (Volo and DBHo, respestively) 
measurement was developed (via ordinary least 
squares). Equations were estimated predicting 
individual tree volume and DBH at 5 and 8 years 
after fertilization. A different equation was 
estimated for each of the 5 soil groups. 

Test Block Distribution 

Soil Group Number of Blocks 

By using the prediction equations discussed 
above, volume and DBH for each individual tree 
at both 5 and 8 years for each of the 8treatments 

The total number of blocks was constant over 
the 5- and 8-year investment periods. The 8 



was predicted by substituting into prediction 
equations the appropriate values for N, P, Volo 
and I l B k  The predicted values were then 
assigned to diameter classes within each treat- 
ment based on the predicted diameters. Finally, 
the total predicted volume for each diameter 
class for each treatment was calculated by 
suming the individual tree predicted volumes 
in that diameter class for that treatment. 

Three stumpage product types were chosen 
to emphasize the price differentials which 
affect forest fiber investment. Although 
markets in the southeastern coastal plain 
utilize forest stumpage for more than just 
pulpwood, chip-n-saw and lumber these products 
represent a common range for the material being 
harvested at about age 20 through 26. Stumpage 
prices vary monthly although their general trend 
has been steadily upward. Because of this, the 
1981 average price for each product was used to 
reduce the possible bias in the analysis of non- 
normal prices. 

The semimature stands ranged between 15 and 
18 years of age at treatment with five to eight 
growing seasons thereafter. The estimated cubic 
root volume was converted into cords based on 
the assumption that 90 solid cubic feet was 
equivalent to a stand cord. Cubic foot volume 
was also converted to Scribner board feet to 
estimate lumber equivalents. Stumpage values 
were estimated via quotations from Timber-Mart 
South, an independent price report. Averaged 
1981 stumpage prices for south Georgia and 
northeast Florida were used. The estimated 
stumpage values and their merchantability limits 
are as follows: 

Stumpage Values by Merchantability Limit 

Product Stumpage Value Diameter Breast 

Pulpwood $27.43/cord All estimated volume 
Chip-n-saw $35.18/cord Volume of trees56"DBH 
Lumber $156.09/MBF Volume of trees>l)"DBH 

The lowest cost fertilizer material and 
application methodology were utilized for each 
treatment since previous work (Pritchett and 
Comerford 1982) has demonstrated that the 
source of phosphorus is not an important factor 
in the growth response of slash pine over a .to 
20-year period after treatment. The fertilizer 
and application costs were developed from an 
average based on a range of prices obtained 
from suppliers in January, 1982. The lowest 
treatment costs were employed, and are listed 
be low : 

Average Lowest Cost Treatments 
Treatment Material Treatmentfac. Costfac. 
Rock Phosphate 50 lbs. P 24.12 
Urea 50 lbs. N 18.47 
Urea 100 lbs. N 36.94 
Urea 200 lbs. N 73.88 
DAP 50 lbs. N + 

50 Ibs. P 36.14 
Urea and Rock Phos. 100 lbs. N + 

50 lbs. P 61.05 
Rock Phos. 200 lbs. N + 

50 lbs. P 98.00 

The average 1981 stumpage prices and the 
January 1982 fertilization cost quotes were 
assumed to exist in the same time frame for the 
purposes of this anlaysis. Since early 1982 
stumpage prices were approximately equal those 
prices recorded in 1981,the average prices were 
used. The fertilization prices have been highly 
variable and cyclical in nature. Therefore, the 
analysis was based on the assumption that treat- 
ments could have been made at the prices listed 
last spring. The before-tax rate of return was 
calculated utilizing the estimated volume response, 
its value and the cost of treatments via the 
formula from Davis (1962) : 

where: i equals the before rate of return on 
investment 

Vn is the value of the growth response to 
treatment 

Vo is the cost of the fertilization 
treatment 

and n is the length of time of investment, or 
the number of growing seasons after 
treatment. 

The equation calculated a real, before-tax 
rate of return. The rate is a function of treat- 
ment cost, estimated response, stumpage prices 
and the length of investment. The rate of in- 
flation and its impact on costs or prices are 
ignored as are any other management activities. 
The analysis compares fertilizer treatment response 
in terms of real dollars, (ie, with the inflation 
of stumpage prices over time removed). The actual 
real rate of increase for southern yellow pine and 
southeasterm softwood pulpwood prices were esti- 
mated at only approximately 1 percent annually, 
based on statistics from USDA, Forest Service 
(1981). Therefore, the estimated rates are con- 
servative in nature since the annual 1 percent 
price increases are Southwide and can be highly 
variable depending on long-term local market 
conditions. 

RESULTS 

The signs for the estimated coefficients of 
the independent variables are shown in Table 2. 
Soil Group A was characterized by a linear response 
to the quantity of P applied. Nitrogen was not a 
significant independent variable in any of the. 
equations estimated in this soil group. The 



combination of variables for the estimated 
equations for Soil Group B demonstrate a greater 
complexity of interactions. Both N and P  demon- 
strate linear and interactive relationships 
while the level of N also displayed a nonlinear 
effect in the equations. 

The significant independent variables in the 
estimated equations for Soil Group C are also a 
complex array of polynomial permutations. Again, 
the levels of N  and P, their interaction, and 
the nonlinear significance of N determine the 
values of the dependent variables. The results 
for Soil Group D show that the original values 
are of greater predictive importance than are the 
levels of N and P. The estimated future equations 
for Soil Group F demonstrate predicted fertilizer 
response whereas future volume equations are only 
affected by the treatment level of P for the 
longer investment period. 

Assuming the individual tree volumes to be 
normally distributed, 95 percent confidence 

and two investment periods. The estimates are 
based on the biological responses and the statist- 
ical analysis used to fit polynomial functional 
forms to the observations. The estimation equa- 
tions of individual tree volume and diameter 
breast height,facilitated the development of the 
stand diameter and volume distribution for each 
combination of soil, fertilizer and time. 

Tables 4 through 7 list the treatments by 
soil group which resulted in postive rates of 
return for product combinations. The before tax 
rates of return are listed for both investment 
periods and each combination of stumpage prodttcts. 
The largest rate of return for either five- or 
eight-year investment periods was determined to 
occur with 50 pounds of phosphorous per acre on 
the fine-textured savanna soils (Table 4). The 
increase in harvest value due to increased 
yields of lumber and pulpwood resulted in a 
rate of return of over 36 percent, compounded 
annually for five years. The rate declined to 27 

Table 2 
Signs of Estimated Coefficient for Volume and DBH Equations 

Soil 
Group Estimates Volo DBHo N  P  NP N* N ~ P  

DBH 0 
C + 

0 + 

DBHS 
Vol 

5 

DBH5 
Vol, 

intervals about the mean predicted total volume percent for the longer eight year investment which 
per acre were calculated and are przsented in resulted in expanded lumber and chip-n-saw yields. 
Table 3, The data in this table represent the Although Table 3 indicates that increased volume 
estimated total volume production for slash pine yields occur over eight growing seasons following 
on five soil groups, eight fertilizer treatments treatment as compared to five, Table 4 demon- 



Table 3 .-, 
Predicted Volume/Acre (f t3/ac. ) 

Treatments (lbslac) 

Soil Group ON 5 ON lOON 200N ON 5 ON 1 OON 200N (Nitrogen) 
(year) OP OP OP OP 5 OP 5 0P 5 OP 50P (Phosphorus) 



strates that the before-tax rate of return 
actually declines. 

Table 4 
Soil Group A 

Before-Tax Rate of Return 
by inves trnent period.! 

(percent) 

Sale Basis Five Years Eight Years 

Pulpwood (P. ) 23.2 19.4  

Lumber (L.) 23.6 18.6 

CnS plus P. 28.6 23.2 

L. plus P. 36.3 25.8 

L. Plus CnS. 33.4 27.6 

L. plus CnS. and P 35.9 27.4 

1/ Treatment was composed of 50 lb. P per acre. - 

The coarse-textured savanna soils, Soil Group 
B (Table 5), demonstrate a reduced and more vari- 
able response to fertilization than do the fine- 
textured savanna soils. These soils respond to 
both nitrogen and phosphorus fertilization. The 
volume growth response is greatest for the treat- 
ment of 50 pounds of P and 200 pounds of N per 
acre. The additional growth due to the nitrogen 
is insufficient to offset the greater costs 
incurred so that the preferred treatment under 
current assumptions remains the 50 pounds of 
phosphorus per acre with a maximum before-tax 
rate of return of 15 percent. Although the pre- 
ferred treatment level is the same for these two 
types of savanna soils, a longer investment 
period (eight years) yields a greater rate of 
return for the coarse-textured soil. The pre- 
dicted rate of volume and value growth for eight 
growing seasons exceeds the rate of increase for 
the carrying cost of the treatment. 

The ultic flatwood soils, or Soil Group C 
(Table 6), exhibit an even greater growth response 
to nitrogen fertilization than do the previous 
two soil groups. As the nitrogen component of 
the treatment is increased, greater volume pro- 
duction can be expected (Table 3). The 50 pounds 
P plus 50 pounds N per acre treatment for the 
five-year investment is preferred. This reflects 
the more rapid cost expansion incurred by increas- 
ing the amount of N applied in relation to the 
increase in added values, If the goal of manage- 
ment is the production of large trees, then the 
eight-year investment is desirable and nitrogen 
applied at the rate of 200 pounds per acre would 
result in the better before tax rate of return. 
The main effect of the fertilization treatments 
is not just additional volume growth but the 
distribution of additional volume in the larger 
DBH classes. Note that if pulpwood production 

was the sole fiber product desired by management 
then fertilization would not result in net profits 
with the given set of base assumptions. For both 
investment length alternatives, the increases in 
volume in the 6 to 8 inch DBB classes causes the 
favorable net profit result. 

Phosphorus fertilization alone, or with 
nitrogen, was found to be inefficient on the typic 
flatwoods soils, Soil Group D (Table 7). The use 
of nitrogen fertilizer increased volume growth but 
at a linear rate. Nigher rates of application per 
acre resulted in expanded harvest volume but also 
expanded costs. The cost of nitrogen is relatively 
low, 18.47 dollars per acre for 50 pounds of N per 
acre, which is less than the value of the resulting 
increased volume growth. This soil group is not 
very growth responsive, but is sufficiently respon- 
sive to the nitrogen application that a positive 
before-tax rate of return results from a five-year 
investment. The coarse- textured upland Soils 
Group F demonstrated practically no positive 
rates of return for the costs and revenue vari- 
ables assumed in this analysis. This is a direct 
result of the virtual unresponsiveness of this 
soil group to any of the treatments listed in 
Table 3. 

DISCUSSION 

The responses of the two savanna soils differ 
on the length of investment with the coarse- 
textured soil growth response greater for the 
eight-year investment. The fine-textured soil 
demonstrated the opposite interaction. The results 
indicate that the fine- and coarse-textured savanna 
soils can return a profit with fertilization. 
Only phosphorus is justified on the phosphorus 
deficient Soil Group A. The soils in Group B do 
not exhibit as great a P deficiency, but growth 
was stimulated with both phosphorus and nitrogen. 
Although nitrogen increases production, the before 
tax rate of return is greater for phosphorus alone 
because of its lower cost in relation to the 
corresponding increase in stumpage value produced. 

The ultic flatwoods soils (Group C) responded 
to both nitrogen and phosphorus. Again, although 
volume production steadily increases with the rate 
of nitrogen applied, the cost of investment in- 
creased at a more rapid rate. The combination 
of 50 pounds of N and P each resulted in the 
largest rate of return on investment for both time 
periods. The price differentials on stumpage pro- 
duction and the change in the diameterlvolume 
distribution at harve s t have an important inter- 
action. In this example, fertilization of this 
type of stand would not be very efficient since 
the production of pulpwood or lumber is insuffic- 
ient to offset cost. It is the movement of more 
trees from the below six inch DBH classes to the 
6 to 8 inch classes which results in a greater per 
volume unit price (chip-n-saw) and a favorable rate 
of return. 

The typic flatwood soils (Group D) are the 
only group which demonstrate non-growth respons- 



Table 5 
Soil Group B 

Before-Tax Rate of Return 
by 

Investment Period and Treatment 

0 0 0 50 50 5 0 5 0 Phosphorus 
Sales Basis 50 100 200 0 50 100 200 Nitrogen 

Pulpwood (P . ) - - - 6.8 - - - 
Chip-n-Saw (CnS . ) - - - 1.0 - - 0.0 

cns. plus P. 
3.( 

u I L. plus CnS. 

L. plus CnS. and P. 

'211 Pulpwood (P . ) 

$1 Lumber (L.) 
(d 

ens. plus P. 

. L. plus P. 
W 

L. plus CnS. 

L.plus Cns. and P. 

- - - 8.1 - - - 
- - - 7.1 - - - 

- - - 10.7 - - 5.0 

- - - 10.7 - - - 

- - - 14.7 0.7 - 5.3 

- - - 12.3 - - 5.2 

- - - 15.0 1.8 5.4 

- nonpositive rate of return 

iveness to phosphorus and positive responsiveness 
with the application of nitrogen alone. The 
estimated individual tree volume and DBH equations 
are both linear so that cubic foot production 
increases as the amount of nitrogen increases, as 
do the costs. Essentially, the point of diminish- 
ing returns to nitrogen has not been determined 
for the levels tested. The steady decline in 
rates are due more to rounding errors in the 
estimation of stumpage value by product type and 
volume by diameter class distribution, than to 
actual revenuelcost interactions. 

The estimated tree volume and DBN equations 
for the coarse-textured upland soils indicated 
little if any growth response to fertilization. 
In general, given the economic assumptions made 
in this study, F-group soils are not favorable 
sites for treatment. 

The eight-year growth responses may actually 
be underestimated because of the design and on- 
ground layout of the test blocks. Cross-feeding 
appears to have increased the growth on the 
control plots. Therefore, the before-tax rate of 
return for the eight-year investments of fertil- 
izer treatments are conservative estimates since 
the growth differential may have been greater 
than those recorded. New tests are currently in 
place by CRIFF to test if, and to what extent, 
the long-term aspects of fertilization investment 
differ from previous tests. 

This type of analysis is very dependent on the 
costs, revenues and stumpage product diameter 
merchantability limits assumed. Based on the 
formula used in the analysis, a fertilizer price 
increase will result in a slightly greater de- 
crease in the before-tax rate of return. A 
decline in stumpage prices has the same effect on 



Table 6 
Soil Group C 

Before-Tax Rate of Return 
by 

Investment Period and Treatment 

0 0 0 50 50 50 5 0 Phosphorus 
Sales Basis 50 100 200 0 50 100 200 Nitrogen 

Pulpwood (P. ) - - - - - - - 

Lumber CL. ) $1 ens. plus P. 
3-( 

L. plus CnS. 

L. plus CnS. and P. - - 1.9 - 8.2 5.4 3.4 

Pulpwood (P . ) 

q L. plusP. 
-I4 
W 

L, plus CnS. 

L. plus CnS. and P. - - 5.3 - 2.0 3.1 4.5 

- nonpositive rate of return 

the rate except that the impact is slightly more 
pronounced. The reverse price changes of cost 
or revenues exhibit the same relationships with 
the rate of return, but in the opposite direction 
for both cases. In general then, the longer the 
investment period, the less sensitive the rate of 
return becomes to variations in the revenuelcost 
ratio, 

In general then, a mixture of stumpage pro- 
ducts is more profitable than any single product 
because of the price differentials available to 
larger dimensioned stumpage. The more efficient 
use of forest fiber through the division into 
multiple products results in a higher average 
value per cubic foot of volume. 

Before-tax rates of return are estimated 
because of the extreme variability of tax rates 
and the criteria used to deduct mnagement costs 

(capitalizing or expensing) from profits. Forest 
Industry faces different rates of taxation on pro- 
fits than do individuals. Each are probably able 
to elicit capital gains treatment for their stmpage 
derived revenues. Any tax on the increased growth 
will reduce the rate of returns on investment. 
The reduced tax under capital gains lessens the 
reduction via a smaller tax rate. If the cost of 
treatment is expensed, this reduces the tax burden 
in the year of treatment and the net result is a 
higher after-tax rate of return than the before- 
tax rate. Time, taxation rates at treatment and at 
harvest and the assumed investment rate all impact 
on the expensed rate of return. Since capitaliz- 
ation and expensing cannot both be incorporated 
by an operating entity, one or the other must be 
selected. The after-tax cost was ignored by this 
analysis in order to reduce the complexity of the 
problem to manageable proportions. 



Table 7 
Soil Group D 

Before-Tax Rate of Return 
by 

Investment Period and Treatment 

0 0 0 50 50 50 5 0 Phosphorus 
Sale Basis 50 100 200 0 50 100 200 Nitrogen 

Pulpwood (P . ) 2.2 2.2 2.1 - - - - 

Lumber (L.) - - - - - - - 

CnS. plus P. 4.8 4.6 4.5 - ... - - 

L. plus P. 3.1 2.9 2.8 - - - - 

L, plus CnS. - - - - - - - 

L. plus CnS. and P. 4.7 4.8 4.7 - - - - 

Pulpwood (P . ) - - - - - - - 

Chip-n-Saw (CnS.) - - - - - - - 

Cns, plus P. - - - - - - - 

L. plus P. - - - - - - - 
L. plus CnS. - - - - - - - 

L. plus CnS. and P. - - - - - - - 
- nonpositive rate of return 

CONCLUSIONS 

The data from this series of fertilizer trials 
demonstrate that the before-tax rate of return 
varies by soil group, level of fertilization and 
the product mixture at harvest. The estimated 
profitability of forest fertilization depends not 
only on the predicted growth response, but also 
on the value of products produced, the cost of 
treatment and the length of investment period, 
The savanna type soils groups represent the better 
fertilizer investment alternatives for semimature 
slash pine stands. Considering that these are 
real rates of return, over and above the inflation 
rate, then fertilization on the flatwood soils 
appears to be profitable at this time. 

These results are intended to provide a pro- 
cedure for assisting individuals in the calcula- 
tion of the profitability of fertilizing their 
semimature slash pine stands. Their decision 
should be based on the stumpage diameter distri- 
butions which are desired, the price differentials 
prevailing, costs of treatment and the expected 
growth response. 
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EVALUATING REGENERATION SUCCESS 

IN PLANTATIONS USING DISTANCE SAMPLINC~' 

2 1 
W. D. Smith- 

Abstract.--Nearest neighbor and nearest tree sampling 
have been frequently suggested for regeneration and other den- 
sity surveys. Its applicability has been limited to conditions 
of random spatial pattern. If expanded to the 4th rather than 
first nearest neighbor the expected distance for uniform and 
randomly distributed populations is approximately equal. Planta- 

tions can be described as unifom populations with random varia- 
tion in density. Under those conditions the distance to the 
fourth nearest neighbor is an efficient estimator of density. 

INTRODUCTION DISTRIBUTION OF NEAmST NEIGHBORS 

Approximately 1.2 million acres are planted 
annually in the southern United States by indus- 
trial, private, and public agencies. Regeneration 
surveys account for a significant contribution to 
the cost of managing these acres. An alternative 
that would substantially lower the cost of plot 
survey techniques would be desirable. This paper 
presents a generalization of the nearest neighbor 
method that could be applicable to plantations. 

Nearest neighbor and nearest tree sampling 
are frequently suggested for regeneration and other 
density surveys. The procedure, to measure the dis- 
tance from a subject tree to its nearest neighbor 
or from a point to the nearest tree, is simple, 
rapid, 3 and relatively free of measurement error. 
Unfortunately its applicability has been limited to 
populations with a random spatial pattern, A pat- 
tern which occurs infrequently in nature (Schreuder 
1978) and not at all in plantations. 

If Paper presented at Second Biennial South- 
ern ~~lvicultural Research Conference, Atlanta, 
Georgia, NOV. 4-5, 1982. 

21 Lecturer of Forestry, N.C. State University, 
Raleizh, NC, 

31 Personal comunication with one forest 
products f inn indicated a threefold decrease in 
sampling time. 

Clark and Evans (1954) developed a procedure 
for testing for randomess of spatial pattern using 
the ratio of the mean dlstance to the nearest neigh- 
bor to the expected distance given a randomly dis- 
tributed population. Morislta (1954) derived the 
same f o m l a  and pointed out the increased accu- 
racy of density determination if second, third, 
etc. nearest neighbors are included. Thompson 
(1956) extended the Clark and Evans derivation to 
obtain the expected distance to the nth as well as 
first nearest neighbors for randomly distirbuted 
populations 

The expected distance to the nth nearest 
neighbor given a randomly distributed population 
is (from Thompson 1956). 

where m is the density per unit area.$ From the 
above the density per unit area, m, can be found 
by 

2 
m 

9 

where ? is the average distance to the nth near- 
n est neighbor, Trees per acre is obtained by 

mltiplying m by 43560. Values for n equal to 
I through 6 are presknted in Table 1, 

41 Unit area = square of unit of measurement 
for F;, e.g. a square foot or square meter. 



Table 1.--Expected dens i ty  given average d is tance  
t o  t he  1st through 6 th  neares t  neighbor f o r  a  
a  random population. 

The above r e l a t i onsh ips  a r e  f o r  randomly d i s t r i -  
buted populations. Both Morisi ta  and Thompson 
express doubt about t he  a p p l i c a b i l i t y  of such tech- 
niques f o r  non-random populations. However con- 
s i d e r  t he  opposite extreme. For uniformly d i s -  
t r i bu t ed  populations ( i  . e. hexagonally arranged) 
a l l  indiv iduals  a r e  equid is tan t  from t h e i r  s i x  
neares t  neighbors. I n  t h i s  case t he  expected d is -  
tance between indiv iduals  is 

E(rn) = 1.0746 f o r  n = 1 through 6 
m 

and dens i ty  per u n i t  a r ea ,  given t h e  mean d is tance ,  
is  

m = (L. oi46por n = 1 through 6 

APPLICATION TO P~TATIONS 

Planta t ions  can be s p a t i a l l y  described a s  uni- 
form populations with random va r i a t i on  i n  dens i ty  
(Smith, 1977). The expected value of t he  average 
d is tance  scaled by the  square root  of dens i ty  f o r  
t he  s i x  neares t  neighbors i n  uniform and i n  random 
populat ions is  presented i n  f i gu re  1. A t  n = 4,  
t he  scaled d is tance  i s  approximately equal f o r  both 
random and uniform populations. Figures 2 and 3 
present  the  observed scaled mean d is tances  and 
t h e i r  standard devia t ions  f o r  four mapped planta-  
t i ons .  I n  general t h e  ac tua l  d is tances  a r e  great-  
e r  than expected, i f  random, f o r  n<4 and l e s s  than 
expected, i f  random, f o r  n>4. I n  general ,  the  
standard deviat ion is a t  i t s  minimum f o r  n = 4. 

From the  above observations i t  is  infer red  t h a t  
t he  expected scaled d is tance  t o  the  4th neares t  
neighbor is approximately equal f o r  s p a t i a l  pa t t e rns  
t h a t  vary from uniform t o  random. Based on t h a t  
inference  the  dens i ty  f o r  p lanta t ions  can then be 
extimated using the  r e l a t i onsh ip  

Figure 1. --Relationship between the expected 
d is tance  to  the s i x  neares t  neighbors f o r  
random and uniform populations. 

Figure 2.--Observed mean d is tance  t o  s i x  
neares t  neighbors f o r  4 mapped p lanta-  
t ions .  

I I I t I I s 
1 2 3" 4 5 6 

Figure 3.--Observed standard devia t ion  of 
d is tance  to  s i x  neares t  neighbors f o r  
4 mapped p lanta t ions .  



The procedure was evaluated by simulating 
both 1/50 acre fixed plots and the distance to the 
4th nearest neighbor using the four mapped planta- 
tions. The results of 10 samples of 15 observa- 
tions are presented in Table 2. The method has 
had limited field testing with comparable results 
(Table 3). 

A concern during field sampling was the prob- 
lem of identifying the fourth nearest neighbor. 
Without excessive measurement time, However by 
the time the crews had measured a minimal number 
of trees they became quite proficient identifying 
the fourth nearest neighbor with only occasional 
checking. The problem is somewhat alleviated by 
the characteristic that when survival is poor 
identification is easy and that when survival is 
high error caused by mis-identification is small. 
The major limitation in its application is under 
extreme rectangular spacing (greater than 2 to 1). 
The spacial pattern in that case is clumpy under 
that condition and does not fall between random 
and uniform. 

Table 2.--Results of simulated plot and distance 
sampling using 4 mapped plantations 

Actual Estimate 1/50 Estimate 
~rees/ Using acre Using - 

Stand Acre ~rees/ plots ~rees/ r4 
# Acre s.d. Acre s.d. 

Table 3.--Results of field evaluation of plot and 
distance sampling 

Estimate 1/50 Estimate 
Using acre Using - 

Sample Trees/ plots ~rees/ '4 
Acre s,d. Acre s.d. n 
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APPROXIMATING m I N N E D  STAVD DIAYETER DISTRIBUTIONS 

1  / MITH STATISTICAL PROBABILITY FUNCTIONS- 

T. G. Matney and A. D. ~ u l l i v a s & /  

Abstract,--A method of applying t h e  t h r e e  parameter 
Weibuli p r o b a b l l i t y  d i s t r i b u t i o n  and t r u n c a t i o n s  oE the  
d i s t r i b u t i o n  t o  e s t i m a t e  thinned s tand dianreter d i s t r i b u t i o n s  
is  explored.  The t h r e e  parameter Weibull d i s t r i b u t i o n  is 
used t o  o b t a i n  s tand  diameter  d i s t r i b u t i o n s  p r i o r  t o  f i r s t  
th inn ing .  Est imates  of r e s i d u a l  s tand diameter  d i s t r i b u t i o n  
fol lowing th inn ing  a r e  determined using e i t h e r  a n  untruncated 
o r  a  t runca ted  t h r e e  parameter Weibull d i s t r i b u t i o n ;  the  
d i s t r i b u t i o n  used depending on the  c h a r a c t e r i s t i c s  of t h e  
t h i n n i n g  process ,  Diameter d i s t r i b u t i o n s  a r e  grown through 
t h e  a p p l i c a t i o n  of a  t r ans format ion  t h a t  r e g e n e r a t e s  
untruncated and t runca ted  Weibull d i s t r i b u t i o n s .  Diameter 
d i s t r i b u t i o n s  f o r  a d d i t i o n a l  th inn ings  a r e  c a l c u l a t e d  i n  t h e  
same fash ion  a s  f o r  t h e  f i r s . t  th inn ing .  Parameter e s t i m a t e s  
of t h e  requ i red  d i s t r i b u t i o n  and t rans format ion  a r e  ob ta ined  
us ing  a combination of r e g r e s s i o n  equa t ions  , parameter 
recovery procedures ,  and knowledge about  the th inn ing  
process .  

P r o b a b i l i t y  d i s t r i b u t i o n  func t ions  have 
been app l ied  s u c c e s s f u l l y  i n  desc r ib ing  s i z e  
c l a s s  d i s t r i b u t i o n s  of unthinned p ine  
p l a n t a t i o n s  through time ( C l u t t e r  and Bennett 
1965; Smalley and Ba i ley  1974a and b; Lohrey and 
Ba i ley  1377; D e l l  e t  a l .  1979; and Feduccia e t  
a l .  1979). These models were developed i n  
response t o  the  e a r l y  1960's and 1970's 
phi losophy t h a t  p l a n t a t i o n s  would provide 
p r i m a r f l y  s h o r t  r o t a t i o n  pulpwood. Thinnings i n  
such a system a r e  r a r e l y  p r a c t i c a l ,  s i n c e  t h e r e  
i s  no c l e a r  gain i n  f i b e r  y i e l d .  In  r e c e n t  
y e a r s ,  however, t h e  abundant supply of high 
q u a l i t y  veneer  and sawlogs from n a t u r a l  s t a n d s  
has s t e a d i l y  dec l ined ,  With t h i s  d e c l i n e ,  
managers a r e  looking toward p l a n t a t i o n s  f o r  

i '~aper  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 ,  e o r g i a ,  
November 4-5, 1982. 

a u t h o r s  a r e  a s s i s t a n t  p rofessor  and 
p r o f e s s o r ,  r e s p e c t i v e l y ,  i n  t h e  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 i  and 
F o r e s t r y  Experiment S t a t i o n  a t  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. 
Cont r ibu t ion  No. 5316 of the M i s s i s s i p p i  Agri- 
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 .  

product ion of high q u a l i t y  sawlogs a s  e a r l y  a s  
p o s s i b l e .  Thinnings a r e  an i n t e g r a l  p a r t  of any 
s i l v i c u l t u r a l  system where emphasis is on sawlog 
products .  Hence, the re  is  now a  g r e a t e r  need 
f o r  models t o  p r e d i c t  s i z e  c l a s s  d i s t r i b u t i o n s  
of repea ted ly  thinned s tands  . 

The purpose of t h i s  paper is t o  d e s c r i b e  a  
f l e x i b l e  modeling framework developed f o r  
approximating diameter  d i s t r i b u t i o n s  of 
repea ted ly  thinned s tands .  While s p e c i f i c  
r e s u l t s  given app ly  on ly  t o  thinned o ld  f i e l d  
p l a n t a t i o n  l o b l o l l y  (Pinus taeda L .) s t a n d s ,  t h e  
method presented could be used t o  model o t h e r  
s p e c i e s  and s tand condi t ions .  

DATA 

The d a t a  f o r  t h i s  s tudy were the  c m b i n e d  
d a t a  from two pemanent  p l o t  s t u d i e s  of 
old-f i e f  d  p l a n t a t i o n  grown l o b l o l l y  pine : a  
United S t a t e s  Fores t  Serv ice  (USFS) th inn ing  
s t u d y  and a  M i s s i s s i p p i  S t a t e  Univers i ty  (MSU) 
spacing s tudy.  The USFS da ta  were der ived from 
a number of s t u d i e s  conducted t o  determine t h e  
e f f e c t  of s i t e  q u a l i t y ,  s tand d e n s i t y  and 
th inn ing  on t h e  growth and y i e l d  of l o b l o l l y  



pine  p l a n t a t i o n s  loca ted  i n  Ashley County, 
Arkansas; Lafaye t te  and Yalobusha Counties ,  
M i s s i s s i p p i ;  and Henderson and Madison Counties, 
Tennessee, The &dison County p l o t s  were 
e s t a b l i s h e d  i n  1929 t o  demonstrate t h a t  l o b l o l l y  
pine could grow and do well  i n  t h a t  a r e a .  The 
o t h e r  p l o t s  were e s t a b l i s h e d  p r i o r  t o  World Mar 
I1 i n  s tands  planted t o  c o n t r o l  the  e ros ion  of  
o l d  f i e l d s .  A l l  s t ands  were planted a t  i n i t i a l  
stand d e n s i t i e s  g r e a t e r  than  1000 stems per  
a c r e .  

Except f o r  some c o n t r o l  p l o t s ,  t h e  p l o t s  
were repea ted ly  thinned,  mostly on a 3- t o  
5-year cyc le .  Treatments t e s t e d  were 
precommercial th inn ing  a t  age 9; thinning by 
removing every t h i r d  and f o u r t h  row; D + s i x  
thinning;  and thinning t o  r e s i d u a l  b a s a l  a r e a s  
of 70 t o  120 square  f e e t  of b a s a l  a r e a  per  a c r e .  
Excluding the  row th inn ings ,  a l l  th inn ings  were 
from below. 

Data recorded were t h e  frequency and he igh t  
by 1-inch DBH c l a s s e s ,  before and a f t e r  
th inn ing ,  f o r  a l l  t r e e s  1.5 inches  DBH o r  
l a r g e r .  The USFS da ta  were from 74 permanent 
p l o t s ,  providing s u f f i c i e n t  observa t ions  of 
s tand condi t ions  t o  c a l c u l a t e  623 y i e l d  va lues  
and 299 growth va lues .  Base age 25 s i t e  index 
ranged from 55 t o  78 f e e t  f o r  the  p l o t s  -- 
c a l c u l a t e d  from t h e  average he igh t  of t r e e s  i n  
t h e  l a r g e s t  DBH class a t  t h e  age c l o s e s t  t o  base 
age  using the  si te index equat ion presented by 
Lenhart (1971). P lo t  ages ranged from 9 t o  34 
years .  Basal a r e a s  on t h e  12 uncut p l o t s  var ied  
from 118 square f e e t  per a c r e  a t  age  14 t o  204 
square  f e e t  per  a c r e  a t  age 30. Square f e e t  of 
basa l  a r e a  per a c r e  before thinning ranged from 
53 t o  173. 

3/ The MSU spacing s t u d y  , e s t a b l i s h e d  on t h e  

MSU School  ores st^' i n  the  winter  of 1959, was 

designed t o  i n v e s t i g a t e  the  e f f e c t s  of spacing 
on s tand development. A randomized complete 
block experimental  design was used with four  
r e p l i c a t e s  of each of t h e  s i x  spacings ( f t .  x 
f t . ) :  5 x 5 ,  5 x 6, 6 x 6, 6 x 7, 7 x 8 ,  and 
9 x 10. The spacing t reatments  were planted i n  
one a c r e  rec tangula r  p l o t s  with a designated 
c e n t r a l  h a l f  a c r e  measurement p l o t .  The 
s e e d l i n g s  were of grade two o r  l a r g e r  and were 
produced from a l o c a l  seed source.  

The d a t a  recorded re levan t  t o  t h i s  s tudy  
a r e  t h e  DBH of surviving t r e e s  and t h e  DBH and 
h e i g h t  p a i r s  of 15 t r e e s  uniformly d i s t r i b u t e d  
a c r o s s  diameter c l a s s e s  a t  ages  8, 10, 12, 14, 

2 ' ~ h e  s tudy was i n s t a l l e d  i n  1959 and has been 
subsequently maintained by D r .  George L, 
Switzer .  The au thors  deeply a p p r e c i a t e  D r .  
Swi tzer  permi t t ing  t h e  use of these  da ta  f o r  
the  s tudy.  

 HOW t h e  John W. S t a r r  Memorial Fores t .  

15, 17, 19, and 20. Across a l l  ages ,  r e p l i c a t e s  
and spacings the  observa t ions  provided f o r  t h e  
c a l c u l a t i o n  of 192 y i e l d  va lues  and 168 growth 
va lues .  

The s i t e  index (base age 25) f o r  the  24 
s tudy p l o t s  averaged 80  f e e t  and ranged from 76 
t o  8 3  f e e t .  S i t e  index va lues  f o r  each p l o t  were 
obtained from the  average he igh t  of dominant and 
codominant t r e e s  a t  age 20 using the  same s i t e  
index equat ion used for  t h e  USFS study.  Square 
f o o t  b a s a l  a r e a s  per  a c r e  a t  age 8 var ied  from a 
minimum of 46 on the  widest spacing to  a maximum 
of 122 on t h e  narrowest.  A t  age 20, square f o o t  
basa l  a r e a s  per a c r e  ranged from a minimm of 
174 on the  widest  spacing t o  a maximum of 210 on 
t h e  narrowest spacing.  

Combined, t h e  USFS s tudy  and the  MSU s t u d y  
produced a t o t a l  of 815 y i e l d  and 467 growth 
observa t ions .  Tota l  t r e e  i n s i d e  bark cubic f o o t  
volume y i e l d s  per a c r e  were determined by f i r s t  
de r iv ing  an equat ion t o  e s t i m a t e  t o t a l  t r e e  
he igh t  from DBH, s tand age, average he igh t  of 
dominants and codominants, b a s a l  a r e a  per a c r e ,  
and number of t r e e s  per ac re .  P l o t  volumes were 
then ca lcu la ted  by using predicted h e i g h t s  and 
observed DBH i n  the  t o t a l  t r e e  volume equat ions:  

where, V is t o t a l  t r e e  cubic foo t  volume i n s i d e  
bark ( i b )  , H is  t h e  t o t a l  t r e e  he igh t  i n  f e e t  
and DBH is i n  inches.  The t o t a l  t r e e  volume 
equat ion was derived from 298 sample t r e e s  from 
another  s tudy  of the  y i e l d  of old-f i e l d  l o b l o l l y  

5/  p ine  p l a n t a t i o n s  . 
The t o t a l  t r e e  he igh t  p r e d i c t  ion  equat ion 

developed from t h e  d a t a  is: 

where 

-b2 b4 B = E E X P [ ~ ~ H  / (b3  + Q) 1 , 

H = t o t a l  t r e e  he igh t  i n  f e e t ,  

fi = average he igh t  of dominant and 
codominant t r e e s  in f e e t  , 

Q = q u a d r a t i c  ntean DBH of s tand i n  inches ,  

I n  = n a t u r a l  logari thm, 

' F r a n k l i n ,  R. D. 1978. Predicted s tand  
s t r u c t u r e  and y i e l d  of unthinned l o b l o l l y  p ine  
p l a n t a t i o n  i n  the  c e n t r a l  Gulf c o a s t a l  P l a i n .  
Unpublished t h e s i s .  M i s s i s s i p p i  S t a t e  
Universi ty ,  Department of Fores t ry .  



FXP = base of n a t u r a l  logari thm, and 

a i l s ,  b i t s  = parameters t o  be est imated from t h e  
d a t a .  

Equation 2 was derived by f i t t i n g  t h e  
l o g a r i t h  of height  r e c i p r o c a l  of BBW regress ion  
model, ln(H) = ln(Co) + C1/DBH, t o  t h e  (DBH, H) 

p a i r s  of each p l o t .  Nonlinear regress ion  

equa t ions  were then found t o  p r e d i c t  Co and = 

C EXP(C /Q) from the  p r e d i c t o r  v a r i a b l e s  Q and 
0 1 

Ti. 

An equa t ion  f o r  p r e d i c t i n g  C1 was obtained by 

equat ing equa t ion  4 t o  C EXP(C~/Q)  and so lv ing  
f o r  C1. 0 

It should be noted t h a t  fi i s  t h e  predicted 
he igh t  of a t r e e  having a diameter equal  t o  t h e  
q u a d r a t i c  me_an diameter ,  Q. It should a l s o  be 
noted t h a t  H is defined here  a s  the  average 
he igh t  of t h e  t r e e s  of maximum DBH. Conversion 
from the  usua l  d e f i n i t i o n  of dominant h e i g h t  
(Hd) can be made using : 

The est imated c o e f f i c i e n t s  f o r  t h e  he igh t  
def in ing  func t ion  were: a = 0.30145, a 2  = 
-17.24529, a 3  = 2.20476; bll = -0.099223, b2 = 

1.28403, b3 = 1.62, and b4 = 2.36952. The 

r e g r e s s i o n s  were based on 623 p a i r s  and the  
s tandard e r r o r s  of p r e d i c t i o n  f o r  Co and H were 
3.8, and 1.09 f e e t ,  r e s p e c t i v e l y .  

The s i t e  index guide curve prepared from 
t h e  623 s t a n d  age ( A ) ,  H p a i r s  is 

The s tandard e r r o r  of p r e d i c t i o n  was 3.60. The 
dependent v a r i a b l e  of t h e  equat ion i s  w r i t t e n  a s  
age times t h e  logari thm of dominant he igh t  t o  
i n d i c a t e  the  equat ion was weighted by age,  

The method employed i n  the  pas t  f o r  
modeling unthinned s tand diameter  d i s t r i b u t i o n s  
has been t o  ( I )  ob ta in  s u f f i c i e n t  temporary p l o t  
d a t a  balanced by age,  s f  t e  and d e n s i t y  c l a s s e s ,  
(2) assume a family of s t a t i s t i c a l  p r o b a b i l i t y  
d i s t r i b u t i o n s ,  (3) e s t i m a t e  the  pararneters of 
t h e  assumed p r o b a b i l i t y  model f o r  each p l o t  
using mximum 1 ikel ihood , moment , o r  l e a s t  

square  procedures, and (4) apply regress ion  
a n a l y s i s  t o  c a l c u l a t e  p r e d i c t  ion equat ions f o r  
t h e  parameters using age,  s i t e  index (dominant 
h e i g h t ) ,  and number of s u r v i v i q  t r e e s ,  a long 
wfth an equat ion to pred ic t  surv iv ing  t r e e s ,  A 
simple system r e s u l t s ,  i n  which expected 
f requenc ies ,  volumes, and nxlltipbe products  by 
diameter c l a s s  are r e a d i l y  ob ta inab le .  

ConceptuaPly , a s i m i l a r  procedure could be 
employed f o r  es t imat ing  diameter d i s t r i b u t i o n s  
of thinned s tands  from permanent p l o t  d a t a ,  
Exclusive use of t h e  model iw method would most 
l i k e l y  r e q u i r e  s e p a r a t e  parane te r  e s t i m t i n g  
equa t ions  f o r  d i f f e r i n g  types of thinnings a t  
d i f f e r i n g  l e v e l s ,  a s  well  a s  a complex of 
equat ions t o  grow s tands  f oblowing th inn ing .  
F u r t h e r ,  maintenance of l o g i c  be tween before ,  
a f t e r ,  and f u t u r e  s tand t a b l e s  would a t  bes t  be 
d i f f i c u l t ,  i f  n o t  impossible. 

Another approach r e c e n t l y  proposed by 
filatney and S u l l i v a n  (1982) and Hynick and Moser 
(1982), l e a d s  t o  a highly f l e x i b l e  framework t o  
model t h e  d i s t r i b u t i o n  of thinned and unthinned 
s tands .  In the  method, p a r t  of the  d i s t r i b u t i o n  
parameters  a r e  e s t i m t e d  by r e g r e s s i o n  
procedures and o t h e r s  a r e  recovered so t h e  
r e s u l t i n g  d i s t r i b u t i o n  i n t e g r a t e s  t o  s tand  l e v e l  
e s t i m a t e s  such a s  basa l  a r e a ,  volume, and 
a r i t h m e t i c  mean diameter .  The procedure thus ,  
p r imar i ly  r e q u i r e s  equat ions f o r  es t imat ing  
s tand  l e v e l  v a r i a b l e s  f o r  thinned and unthinned 
s t a n d s ,  p lus  procedures f o r  recovering 
d i s t r i b u t i o n  parameters. Because of t h i s ,  i t  is  
p o s s i b l e ,  through a un i f ied  s e t  of procedures,  
t o  s imula te  a wide v a r i e t y  of d i f f e r e n t  types 
and l e v e l s  of th inn ing .  

The system described here in  f o r  thinned and 
unthinned l o b l o l l y  pine p l a n t a t i o n s  is based on 
recovering t h e  parameters of the  t h r e e  Wrameter  
Weibull d i s t r i b u t i o n s  (equat ion 12) and 
t runca ted  t h r e e  parameter Weibull d i s t r i b u t i o n s  
t o  i n t e r g r a t e  t o  est imated basa l  a rea  per a c r e  
and t o t a l  cubic f o o t  volume ( ib )  per  a c r e .  The 
l o c a t i o n  parameter (a)  and t runca t ion  parameters 
of t h e  Weibull d i s t r i b u t i o n s  a r e  determined by 
regress ion  procedures and c h a r a c t e r i s t i c s  of a 
given th inn ing  method. The s c a l e  (b) and shape 
(c) parameter a r e  obtained by the  recovery 
c o n s t r a i n t s  , ALthough the  Ffeibull d i s t r i b u t i o n  
is assumed here ,  the  method extends r e a d i l y  t o  
o t h e r  d i s t r i b u t i o n  fonns . The Weibull 
d i s t r i b u t i o n  was chosen because of i ts 
demonstrated f l e x i b i l i t y  f o r  descr ib ing  
unthinned s tand diameter d i s t r i b u t i o n s  (Ba i ley  
and Del l  1973; and Schreuder e t ,  a l .  1979) and 
i ts p o t e n t i a l  use a s  a frarnrswork f o r  modeling 
thinned s tands .  

We w i l l  f i r s t  descr ibe  the  s tand l e v e l  
equat ions prepared from the  da ta  f o r  e s t i m a t i n g  
per  a c r e  va lues  of sunr iv ing  trees, t o t a l  t r e e  
cubic foo t  volume ( i b ) ,  and basa l  a r e a .  An 
overview of procedures f o r  applying the  recovery 
method t o  s imula te  diameter d i s t r i b u t i o n s  of 



thinned s t a n d s  w i l l  then be given,  The exact  
s o l u t i o n  methods used t o  recover t h e  parameters 
cannot be explained wi th  any d e t a i l s  here  
because of space l f sn i ta t ions .  These d e t a i l s  a r e  
t o  be i n  an unpublished r e p o r t  t h a t  should be 
a v a i l a b l e  f o r  d i s t r i b u t i o n  i n  January, 1983. 
The conversa t iona l  FORTRAN program from these  
r e s u l t s  a l s o  con ta ins  d e s c r i p t i o n s  of s o l u t i o n  
techniques.  Machine readable cop ies  of the  
program can be obtained from t h e  au thors  on 
r e q u e s t  . 

Stand Level  Equations 

M o r t a l i t y  

The equat ion t h a t  provided t h e  most l o g i c a l  
p r o j e c t i o n  of number of t r e e s  dying per  a c r e  is:  

N = 467, R~ = NA, Sy.x = 23.49. 

where 

Y = No - Nl  = number of t r e e s  dying per 
a c r e  i n  time i n t e r v a l  Al - Ao, 

NO = i n i t i a l  number of t r e e s  per  a c r e ,  

N1 = pro jec ted  numbers of t r e e s  per a c r e  = 
No - Y, 

Bo = i n i t i a l  basa l  a r e a  per a c r e  i n  square 
f e e t ,  

A. = i n i t i a l  age, 

A1 = p r o j e c t i o n  age,  and 

- 
Ho = average he igh t  of dominant and 

codominant t r e e s  i n  f e e t  a t  

2 The N, R , and Sy.x under t h e  above equat ion 
denote the  number of observa t ions ,  c o e f f i c i e n t  
of de te rmina t ion  when a p p l i c a b l e ,  and t h e  
s tandard e r r o r  of p r e d i c t i o n ,  r e s p e c t i v e l y .  
This  convention w i l l  be followed throughout t h e  
remainder of t h e  paper. 

Other equat ions f i t t e d  to  t h e  d a t a  
accounted f o r  more of t h e  v a r i a t i o n  i n  N1, but  
were more complex and did no t  behave a s  w e l l  a s  
equa t ion  8 wi th in  and o u t s i d e  the  range of t h e  
d a t a .  

a n  equat ion t h a t  was considered s u f f i c i e n t l y  
p rec i se .  An a l t e r n a t i v e  approach was thus  
sought. The method t h a t  proved to  y i e l d  the  
b e s t  p ro jec t ion  of basa l  a r e a  was t o  determine 
a n  equat ion f o r  p r o j e c t i n g  the  mean basa l  a r e a  
per t r e e  and mul t ip ly  by projected number of 
t r e e s  per a c r e  t o  c a l c u l a t e  projected b a s a l  
a r e a .  The regress ion  equat ion ca lcu la ted  f o r  
t h i s  purpose is: 

N = 467, R~ = NA, Sy.x = 0.005. 

An es t imate  of i n i t i a l  mean basal  a r e a  per  
t r e e  f o r  s tands  no t  having been prev ious ly  
thinned can be obtained using the  equa t ion :  

The bar is used t o  denote the  means of t h e  
r e s p e c t i v e  q u a n t i t i e s .  

Observed mean t r e e  basa l  a rea  should be 
used f o r  s tands  t h a t  have been pre_viously 
th inped ,  s i n c e  the  r e l a t i o n s h i p  between B and N 
and Ii a r e  cons iderab ly  a l t e r e d  from t h a t  
expected f o r  an unthinned s tand .  

Volume 

The fol lowing equat ion was se lec ted  a s  t h e  
b e s t  among t h e  numerous equat ions evaluated f o r  
es t imat ing  t o t a l  t r e e  i n s i d e  bark cubic f o o t  
volume per a c r e .  

N = 815, R~ = NA, Sy.x = 1.01. 

where 

V = t o t a l  t r e e  cubic f o o t  volume ( ib )  p e r  
a c r e ,  

N = number of t r e e s  per  a c r e ,  

Co = the  i n t e r c e p t  c o e f f i c i e n t  of t h e  
h e i g h t  - DBH curve (equat ion 2 ) ,  

C1 = The s lope  c o e f f i c i e n t  of the  he igh t  - 
DBH curve  (equat ion 2 ) ,  and 

Basal  Area 
A = stand age. 

On t h e  high d e n s i t y  unthinned p l o t s ,  s t and  
basa l  a r e a s  peaked between t h e  ages of 15 and 20 
and t h e r e a f t e r  decl ined.  Attempts t o  f ind  a 
s i n g l e  equat ion t h a t  would adequately 
approximate t h i s  observed t rend d id  no t  produce 

The term ,0059 i n  the  above equat ion is t h e  
i n t e r c e p t  term from the  t r u e  volume equa t ion  
(equat ion 1 )  and was hence not  est imated when 
the equat ion was f i t t e d  t o  the  da ta .  



Diameter D i s t r i b u t i o n s  

I n i t i a l  Evaluation 

Evaluat ion of t h e  change i n  diameter 
d i s t r i b u t i o n  due t o  time o r  method of th inn ing  
r e q u i r e s  t h e  d e t e m i n a t i o n  of an i n i t i a l  
diameter  d i s t r i b u t i o n .  This s e c t i o n  d e s c r i b e s  a 
technique f o r  c a l c u l a t i n g  t h r e e  parameter 
Weibull d i s t r i b u t i o n s  so t h a t  t h e  generated 
d i s t r i b u t i o n  i n t e g r a t e s  t o  p red ic ted  o r  known 
va lues  of cub ic  f o o t  volume and square f e e t  of 
b a s a l  a r e a  per  a c r e .  In  subsequent s e c t i o n s  
procedures a r e  given f o r  p r o j e c t i n g  diameter 
d i s t r i b u t i o n s  and s imula t ing  row and s e l e c t i o n  
th inn ings ,  

The t h r e e  Weibull d i s t r i b u t i o n s  a s  app l ied  
t o  diameter  d i s t r i b u t i o n  d a t a  is: 

f (x) - cb-I [ (x - a )  /b] 

= 0,  elsewhere, (12) 

where, a ,  b, and c > 0 are parameters ,  e is t h e  
base of t h e  n a t u r a l  logari thm, and X is a random 
v a r i a b l e  represen t ing  DBH. 

When t h e  d i s t r i b u t i o n  parameters (a ,  5 ,  and 
c) a r e  known f o r  a s tand having N* t r e e s  per  
a c r e ,  t h e  s tand ' s  b a s a l  a r e a  (B*) per  a c r e  can 
be c a l c u l a t e d  a s :  

E(X) denotes  t h e  s t a t i s t i c a l  expec ta t ion  of t h e  
random v a r i a b l e  X, and I' denotes  t h e  gamma 
func t ion .  The va lue  of K i s  ~ 1 5 7 6  i f  B* is 
expressed i n  square f e e t  per ac re .  Fur ther ,  i f  
t h e  f u n c t i o n a l  r e l a t i o n  be tween i n d i v i d u a l  t r e e  
volume and DBH is known, t o t a l  volume ( i b )  per  
a c r e  can be est imated a s :  

where V*(X) is a func t ion  f o r  computing 
i n d i v i d u a l  t r e e  volume f o r  a given DBH of  X. 

p red ic ted  va lues ,  equat ions 13 and 14 a r e  
r e a d i l y  solved f o r  the  b and c parameters of t h e  
genera t ing  Weibull d i s t r i b u t i o n  given t h e  "a" 
parameter. The e s t i m a t e s  of V*, B*, and N* f o r  
t h e  s tands  i n  t h i s  s tudy can be obtained by 
s u b s t i t u t i n g  the  he igh t  p red ic t ion  equa t ion  
derived (equat ion 2) f o r  H i n  t h e  assumed volume 
equat ion.  That is: 

where C and C a r e  est imated by equa t ions  2 and 
0 1 5 r e s p e c t i v e l y ,  and ct and a r e  the  i n t e r c e p t  

and s lope  c o e f f i c i e n t s  of t h e  assumed volume 
equa t ion  r e s p e c t i v e l y .  

To determine a s u i t a b l e  means of f i x i n g  t h e  
I* a 11 parameter, the  va lues  of "a" t h a t  maximized 

t h e  l i k e l i h o o d  func t ion  under t h e  basa l  a r e a  and 
volume c o n s t r a i n t s  were found f o r  each s t a n d  
condi t ion .  Regression a n a l y s i s  of these  "best1' 
e s t i m a t e s  o f  "a" ind ica ted  t h a t  a good procedure 
f o r  f i x i n g  t h e  "a" parameter is t o  set i t  e q u a l  
t o  one-half t h e  minimum stand diameter .  

In  s tands  t h a t  have not  been thinned t h e  
minimum stand diameter can be predicted us ing  
t h e  equat ions:  

DMAX = Q(2.1285 - 0.35555Q - 3 . 1 5 4 ~ / @  (16) 

DMIN = DMAX - Q(1.3512 - 0.8121Q 

where 

DMIN = minimum stand DBH i n  inches,  and 

DMAX = maximum s tand  DBH i n  inches.  

The observed minimum stand diameter should 
be used f o r  s tands  t h a t  have been prev ious ly  
thinned.  Thinning a s tand d i s t u r b s  the  n a t u r a l  
development of t h e  s tand and hence makes t h e  
p r e d i c t i o n  of minimum stand diameter  f o r  a given 
s tand condi t ion  very suspec t .  

The degree of correspondence between t h e  
a c t u a l  and pred ic ted  diameter d i s t r i b u t t o n s  f o r  
a s tand t h a t  has  a Weibull d i s t r i b u t i o n  w i l l  
depend on the  c loseness  of the  es t imates  o f  V*, 
N*, B*, and V*(X) t o  t h e i r  t r u e  values.  To 
a s s e s s  t h e  maximm p o t e n t i a l  of the  approach f o r  
d e s c r i b i y  the  diameter  d i s t r i b u t i o n s  i n  t h i s  
s tudy,  X goodness of f i t  t e s t s  were performed 
using s tand  t a b l e s  ca lcu la ted  from observed V, 

Now, i f  f o r  a p a r t i c u l a r  s tand ,  V*, B*, N*, 
and V*(x) a r e  replaced by t h e i r  observed o r  



N, B, and v ( x ) ~ ' .  These t e s t s  r e s u l t e d  i n  
r e j e c t i o n  of the  hypothes i s  t h a t  diameter  
d i s t r i b u t i o n  is from a Meibull d i s t r i b u t i o n  i n  
10 of t h e  815 cases  a t  t h e  0.01 l e v e l ,  Since 
t h e  10 r e j e c t i o n s  were c l o s e  t o  t h e  t h e o r e t i c a l  
number of s i x  expected r e j e c t i o n s ,  i t  was 
concluded t h a t  t h e  Weibull p r o b a b i l i t y  
d i s t r i b u t i o n  woul d provide adequate 
approximations of t h e  diameter  d i s t r i b u t i o n s  
observed i n  t h i s  s tudy.  

A knowledge of t h e  e f f e c t  of th inn ing  
method on t h e  d i s t r i b u t i o n  of diameter ,  a t  t h e  
time of thinning and a t  subsequent p o i n t s  i n  
t i n e  is necessary.  The d i s t r i b u t i o n  fol lowing 
th inn ing  is d e t e m i n e d  by t h e  type and l e v e l  of 
thinning.  D i s t r i b u t i o n  parameters of t h e  
thinned s tand t h a t  a r e  s p e c i f i e d  by t h e  n a t u r e  
of the  thinning a r e  f i r s t  ascer ta ined .  Diameter 
d i s t r i b u t i o n  recovery is  then a p p l i e d ,  i f  
necessary,  t o  o b t a i n  any remaining parameters 
from c a l c u l a t e d  r e s i d u a l  s tand b a s a l  a r e a ,  
number of t r e e s ,  and/or  volume. 

Qnce t h e  parameters of t h e  thinned s tands  
d i s t r i b u t i o n  have been determined, a long with 
t h e  s t a n d ' s  b a s a l  a r e a  and number of t r e e s ,  t h e  
method given i n  t h e  next  s e c t i o n  f o r  ob ta in ing  a  
p ro jec ted  s tand ear: be appl ied  t o  e s t i m a t e  t h e  
diameter d i s t r i b u t i o n  of the  s tand a t  f u t u r e  
p o i n t s  i n  time. Comparison of these  e s t i m a t e s  
with those f o r  the unthinned s tand a t  the  same 
po in t  i n  time, a l lows f o r  t h e  e v a l u a t i o n  of t h e  
b e n e f i t  of t h e  l e v e l  and type of th inn ing .  

The d e t a i l s  f o r  s imula t ing  s e v e r a l  types of 
th inn ings  a r e  given i n  t h e  r e m i n d e r  of t h i s  
s e c t i o n .  Without l o s s  of g e n e r a l i t y  it w i l l  be 
assumed t h a t  t h e  d i s t r i b u t i o n  p r i o r  t o  th inn ing  
is  a t h r e e  parameter Weibull . D i s t r i b u t i o n s  
t h a t  have been t runca ted  o r  par t ioned by 
previous thinning can be handled by minor 
modi f ica t ion  (change of i n t e g r a t i o n  l i m i t s ) .  

I n  d e t e m i n i n g  t h e  parameters of the  
d i s t r i b u t i o n  of t h e  r e s i d u a l  s tand ,  i t  is  
necessary  t o  r e s t r i c t  t h e  s o l u t i o n  space so t h a t  
t h e  recovered d i s t r i b u t i o n  f o r  t h e  r e s i d u a l  
s tand  does not  have diameter  c l a s s e s  wi th  more 

- 

?'The x t e s t  i s  n o t  v a l i d  unless  maximum 
l i k e l i h o o d  es t imates  of distributions a r e  
used,  Nowever, c m p a r i s o n  of snaximum 
l i k e l i h o o d  es t imates  and t h e  moment e s t i m a t o r s  

c a l c u l a t e d  from equat ion 10 and 1 I showed they 

were n e a r l y  the  same. Here t h e  should be 
i n d i c a t i v e  of t h e  r e s u l t s  t h a t  would have been 
r e a l i z e d  had t h e  maximum l i k e l i h o o d  es t i raa tes  
been used. The mean d i f f e r e n c e  between the  
raaximurn l i k e l i h o o d  and t h e  moment e s t i m a t e s  
f o r  b  and c were 0.801 and 0.05, r e s p e c t i v e l y .  
The means of t h e  a b s o l u t e  d i f f e r e n c e s  f o r  b  
and c  were 0,002 and 0.01, r e s p e c t i v e l y .  

t r e e s  than t h e  unthfnned s tand .  This  
requirement reduces t o  t h e  nrathematical 
c o n s t r a i n t  : 

f o r  a l l  x having p o s i t i v e  p r o b a b i l i t y  i n  t h e  
unthinned s t a n d ,  where N and N a r e  the  number 

0 1 
of t r e e s  per u n i t  a rea  before  and a f t e r  

th inn ing ,  r e s p e c t i v e l y ;  and f 0  and f l  a r e  t h e  

s tand ' s  diameter d i s t r i b u t i o n s  before and a f  t e r  
th inn ing ,  r e s p e c t i v e l y ,  

Row th inn ings  a r e  the  e a s i e s t  t o  s imula te .  
The expected percentage of b a s a l  a r e a ,  number of 
t r e e s ,  and volume removed is equal  t o  t h e  
percentage of rows removed. Hence, the Weibull 
parameters of the  thinned s tand  a r e  equa l  t o  
Weibull parameters of the  unthinned s tand .  
Cons t ra in t  18 i s  consequently s a t i s f i e d  without 
checking. 

C l a s s i c a l  th inn ings  from below a r e  charae- 
t e r i z e d  by a  p rogress ive  reduct ion i n  t h e  
p ropor t ion  of t r e e s  removed i n  success ive  
diameter c l a s s e s .  In e f f e c t  the  r e s u l t s  of t h i s  
a r e  an increase  i n  b a s a l  a r e a  and volume per  
t r e e .  The corresponding e f f e c t  on the  r e s i d u a l  
s tand  diameter d i s t r i b u t i o n  is t o  s h i f t  t h e  
modal DBN c l a s s  t o  the  r i g h t  and compress t h e  
d i s t r i b u t i o n  i n  r e l a  t i o n  t o  the  i n i t i a l  s tand  
d i s t r i b u t i o n ,  

Many s o l u t i o n s  f o r  the  Weibull parameters 
of the  r e s i d u a l  s tand ( a  b19 c ) under t h e  L 
recovery c o n s t r a i n t  def ined by equat ions 13  and 

14 and t h e  l o g i c a l  c o n s t r a i n t  def ined by 
equa t ion  18 e x i s t .  Unique s o l u t i o n s  f o r  bl  and 

c l ,  however, e x i s t  f o r  each given a  i n  t h e  
1 

range of s o l u t i o n s  of a l  s a t i s f y i n g  the  recovery 

and l o g i c a l  c o n s t r a i n t s .  Maximum l i k e l i h o o d  
e s t i m a t e s  f o r  a l  under the  defined c o n s t r a i n t s  

f o r  s t a n d ' s  thinning from below r e s u l t e d  i n  t h e  
fol lowing equat ion f o r  es t imat ing  a  

1 : 

where a' i s  the  lower s o l u t i o n  bound f o r  a  
1" 

a" i s  t h e  upper s o l u t i o n  bound f o r  a l ,  and P 
4  

is  t h e  percentage i n c r e a s e  i n  t h e  roo t  q u a d r a t i c  
mean diameter  produced by the  thinning.  The 
parameters bl and c l  a r e  t h e  va lues  t h a t  s a t i s f y  
the  recovery c o n s t r a i n t s  given a  

I - 
In  o rder  t o  c h a r a c t e r i z e  the s e l e c t i v e  

th inn ings  of t h i s  type,  a regress ion  equa t ion  
was developed t o  p r e d i c t  t h e  number of r e s i d u a l  
t r e e s  from i n i t i a l  basa l  a r e a  and number of 
t r e e s ,  and r e s i d u a l  b a s a l  a r e a ,  



where 

Bo = b a s a l  a r e a  i n  t h e  i n i t i a l  s t a n d ,  

No = number of t r e e s  i n  t h e  i n i t i a l  s t a n d ,  

N1 = number of t r e e s  i n  t h e  r e s i d u a l  s tand ,  
and, 

B1 = b a s a l  a r e a  i n  t h e  r e s i d u a l  s tand .  

The equat ion is u s e f u l  f o r  so lv ing  f o r  t h e  
average number of t r e e s  t o  l eave  t o  o b t a i n  a  
s p e c i f i e d  r e s i d u a l  basa l  a r e a  o r  t h e  average 
amount of basa l  a r e a  t o  l eave  (B ) f o r  th inn ing  
to  a  s p e c i f i e d  number of r e s i d u a l  t r e e s .  For 
t h e  case  of thinning t o  a  s p e c i f i e d  r e s i d u a l  
basa l  a r e a  (B ), the  number of trees t o  leave is 1 
given d i r e c t l y  by equa t ion  19. The 
determinat ion of t h e  b a s a l  a r e a  t o  l eave  i n  t h e  
r e s i d u a l  s tand  when it is  thinned t o  a  s p e c i f i e d  
number of t r e e s  (N1) is obtained by so lv ing  
equat ion 20 f o r  B 

1  

Severe thinning from below r e s u l t s  i n  t h e  
removal of a l l  t r e e s  below some diameter  wlth 
decreasing removals by c l a s s  above t h e  dxameter. 
Simulat ing t h i s  e f f e c t  r e q u i r e s  the  use of a  
t runcated Weibull d i s t r i b u t i o n  with t r u n c a t i o n  
parameter equal  t o  t h e  th reshold  diameter .  
S p e c i f i c a l l y ,  the  i n i t i a l  s t a n d ' s  b a s a l  a r e a ,  
number of t r e e s ,  and volume a r e  reduced by t h e  
basa l  a r e a  (B ), number of t r e e s  (NR), and 
volume (V ) rembed  below t h e  t r u n c a t i o n  R 
parameter ( a t ) .  The t runca ted  d i s t r i b u t i o n  is  

then formed, and t h e  procedures described 
previously f o r  the  c l a s s i c a l  s e l e c t i o n  a r e  then 
appl ied  t o  approximate t h e  thinning above the  
t runca t ion  parameter. 

NR, BR, and VR a r e  defined by t h e  
r e l a t i o n s :  

The numbers of t r e e s ,  b a s a l  a r e a ,  and volume 
remaining above the  a t  a r e  thus  N = No - NR, B = 

Bo - BR and V = Vo - VR, r e s p e c t i v e l y .  The 

d i s t r i b u t i o n  of N, 8, and V is then the  
t runca ted  Weibull d i s t r i b u t i o n .  

f (x )  = fo (x) / [ '  - Fo(at) l  , a t  5 x < Cn 

with cumulative d i s t r i b u t i o n  func t ion .  

Denoting the  number of t r e e s ,  b a s a l  a r e a  
and volume by N1, B1, and V1, r e s p e c t i v e l y ,  

remaining a f t e r  thinning above the  t r u n c a t i o n  
diameter ,  t h e  recovery c o n t r a i n t s  become: 

where f  (x) denotes  the  f i n a l  r e s i d u a l  s tand  
1 diameter  d i s t r i b u t i o n .  

While the  number of cases  of thinning 
r e s u l t i n g  i n  t runca ted  r e s i d u a l  s tands ,  were 
i n s u f f i c i e n t  t o  develop a  p ro jec t  ion  equat ion 
f o r  t h e  a ,  experience with s imulat ing the  c a s e  
i n d i c a t e s  reasonable r e s u l t s  can be obtained 
using equa t ion  19. The t runca t ion  parameter is 
assumed t o  be known. 

Operat ional  th inn ings  from below o f t e n  do 
n o t  remove any t r e e s  below some minimum 
merchantab i l i ty  diameter .  In t h i s  case ,  t h e  
i n i t i a l  d i s t r i b u t i o n  can be considered to  be t h e  
weighted sum of two d i s t r i b u t i o n s .  The 
d i s t r i b u t i o n  f  (x) of t r e e s  below the  minimum 

b 
diameter  (a t )  and the  d i s t r i b u t i o n  f,(x) of 

t r e e s  above t h e  minimum diameter .  

where 

Na = N F (a  ) is the  number of t r e e s  below 
0 0  t 

t h e  minimurn merchantable DBH. 

Nb = NO[l - FO(at)] = t h e  number of t r e e s  

above t h e  minimurn merchantable DBH, 
and 

fb(x)  = fo(x)/F0(at) 



fa(x)  = f o ( x ) / [ 1  - F o ( a t ) l ,  and 

Bo = N + Nb 

The d i s t r i b u t i o n  f (x) is a r i g h t  t runcated 
weibu l l ,  and f  - (x) ps a l e f t  t runca ted  Weibull.  
Hence, by conGention fb(x) = O f o r  x  - , a and 
fa (x)  = O f o r  x l a  

t '  

Trea t ing  fa (x) a s  a  s e p a r a t e  d i s t r i b u t i o n ,  
the  d i s t r i b u t i o n  of the  resdua l  s tand above the  
diameter  a t  can be obtained from t h e  c o n s t r a i n t ,  

'She d i s t r i b u t i o n  fol lowing thinning is thus:  

1 1  
f l ( x )  = [ N b f b ( ~ )  + N a f a ( ~ ) I / N 1  (34) 

1 
The r e s i d u a l  s tand has a  where N = I$, + Ha. 

b  b  b a s a l  a r e a  of Bo + B1 and volume of V + < 
where 0 

Bh, = i Hb [/: x2fb (x) dx] /576 
a  

Operat ional  th inn ings  from below which do 
not  remove t r e e s  below some diameter but e i t h e r  
c u t  t o  some th reshold  diameter above the  
diameter o r  a r e  severe  enough t o  remove a l l  
t r e e s  t o  some DBB r e s u l t s  i n  a  r e s i d u a l  s tand 
with a  ho le  i n  i ts diameter d i s t r i b u t i o n .  
Before thinning t h e  s t a n d ' s  d i s t r i b u t i o n  can he 
part ioned i n t o  t h r e e  p ieces :  (1) t h e  
d i s t r i b u t i o n  fb(x)  by l$, t r e e s  below t h e  

b 
minimum merchantable diameter [ ( D B H ( ~ ~ ) ] ,  (2) 

t h e  d i s t r i b u t i o n  f  (x) of t r e e s  between a: and 

another  [DBH(aa) ,mab<aa t h a t  w i l l  be t o t a l l y  
t t- t 

removed i n  the  th inn ing ,  and ( 3 )  t h e  d i s t r i b u -  
b 

t i o n  f  (x) of Ha t r e e s  above a  . That i s ,  
t 

The func t ion  f  (x) is a r i g h t  t runcated Weibull 
def ined by 

b 

f  (x) is a l e f t  and r i g h t  t runcated Weibull 
m 

def ined by 

and fa(x)  is  a l e f t  t runcated WeibuLl defined by 

Denotlng the  number of t r e e s ,  basal  a r e a  
and volume remaining a f t e r  thinning of the  

L I I 
d i s t r i b u t i o n  f,(x) by Na, Ba,  and Va, 

r e s p e c t i v e l y ,  and the  r e s i d u a l  d i s t r i b u t i o n  by 
t 

f l ( x ) ,  the  d i s t r i b u t i o n  of the  r e s i d u a l  s tand is 

1 
where N1 = Nb + N . The basa l  a rea  and volume 

a 

of t h e  r e s i d u a l  s tand is Bi = B: + B; and 

Combinat ion  row and s e l e c t i v e  th inn ings  a r e  
r e a d i l y  simulated by f i r s t  applying the  row 
th inn ing  and then t h e  s e l e c t i v e  th inn ing .  

Pro j  ected 

Af te r  c a l c u l a t i n g  an i n i t i a l  dfameter 
d i s t r i b u t i o n ,  f u t u r e  d i s t r i b u t i o n s  a r e  needed a t  
s p e c i f i e d  p o i n t s  i n  time. Equations 6 ,  7,  and 8 
provide a  means of es t imat ing  surviving t r e e s  
per  a c r e ,  square f s e t  of b a s a l  a r e a ,  and t o t a l  
cubic foo t  volume per a c r e ,  r e s p e c t i v e l y ,  
Equation 2 d e f i n e s  the height--DBH curve fo r  
projected s tands ,  Pro jec t ion  i n t e r v a l s  of 5 o r  
l e s s  years  should be used s i n c e  p l o t  
remeasurements were mostly made on i n t e r v a l s  
l e s s  than 5 years .  

In  de t e m i n i n g  f u t u r e  diameter  
d i s t r i b u t i o n s  t h a t  a r e  compatible with p ro jec ted  
volume and basa l  a r e a ,  i t  is d e s t r a b l e  ro  use 
t h e  DBH p ro jec t ion  equat ion,  

XI = DBW a t  t h e  Ax of a tree o f  DXB 
X a t  t i m e  A 
0 0 ' 

Xo = i n i t i a l  DBH, 

ao,  bo9 cO = parameters of the  Weibull 
d i s t r i b u t i o n  a t  time Ag, and 



Wo, W19 3 = c o e f f i c i e n t s  t o  be determined so  
t h a t  t h e  d i s t r i b u t i o n  of t h e  
p ro jec ted  s tand  is  c m p a t i b l e  i n  
b a s a l  a r e a  and volume. 

The DEB p r o j e c t i o n  equa t ion  can be 
i n t e r p r e t e d  a s  g iv ing  t h e  amount t h a t  a  t r e e  of 
given diarneter w i l l  s h i f t  i n  time. This s h i f t  
can be due t o  e i t h e r  t r e e  g r o w h  o r  t r e e  dea th .  
Ba i ley  (1980) d i s c u s s e s  t h e  diameter  growth 
equa t ion  along with o t h e r s  and d i s c u s s e s  t h e i r  
i n t e r p r e t a t i o n .  Matney, Dell, and Switzer  
i n  an unpublished r e p o r t ,  provide a method which 
under c e r t a i n  assumptions y i e l d s  unbiased 
e s t i m a t e s  of average diameter  growth. 

To e x p l a i n  f u r t h e r ,  suppose W , W1, and W 
have been determined f o r  a  p r o j e c t i o n  i n t e r v a j  
a s  o u t l i n e d  above. The d i s t r i b u t i o n  of the  
p ro jec ted  s tand  can be shown t o  be Weibully 
d i s t r i b u t e d  with "at' parameter ,  of a  

l = a o +  

bowo, "b" parameter,  of bl = Wlbo, and "c" 

parameter ,  of c l  = c /W (Bai ley 1980). That is 
0 2 

the  d i s t r i b u t i o n  of  X is Weibully d i s t r i b u t e d .  1  
L e f t  and r i g h t  t runca ted  Weibulls a r e  a l s o  
regenera ted  by t h e  t rans format ion .  A l e f t  

t runca ted  Weibull h a s  "a", "b" , and "c" 
parameters  a s  given above and a  l e f t  t r u n c a t i o n  
parameter  of 

S i m i l a r l y  a  r i g h t  t runca ted  d i s t r i b u t i o n  has a  
r i g h t  t r u n c a t i o n  parameter of 

Determinat ions of W f o r  each of t h e  467 
growth per iods  t h a t  maxqmized t h e  l i k e l i h o o d  
f u n c t i o n s  of the  p ro jec ted  s tand  under the  
parameter recovery c o n s t r a i n t s  were made t o  f i n d  
a  means of p r e d i c t i n g  Wo. That is,  t h e  va lues  
of Wo were found so  t h a t  when W1 and W2 were 

c a l c u l a t e d  t o  s a t i s f y  t h e  recovery c o n s t r a i n t s  
t h e  cons t ra ined  l i k e l i h o o d  func t ion  was 

maximized. Regression a n a l y s i s  of W on i n i t i a l  
0 

s tand  condi t ion  and changes i n  i n i t i a l  s t and  
c o n d i t i o n s  r e s u l t e d  i n  t h e  equa t ion ,  

where 

QO = i n i t i a l  s t and  r o o t  quadratic.  mean 
diameter ,  and 

Ql = pro jec ted  s tand  roo t  q u a d r a t i c  mean 
diameter .  

The p r e d i c t i o n  equa t ion  f o r  Wo above 
a p p l i e s  only t o  the case where the  d i s t r i b u t i o n  
fol lowing th inn ing  is a t h r e e  parameter Weibull.  
Appl icat ion of t h e  r e s u l t  t o  t h e  more complex 
s i m u l a t i o n  c a s e s  produce reasonable  r e s u l t s .  

Diameter d i s t r i b u t i o n  recovery techniques 
a r e  a  h igh ly  f l e x i b l e  t o o l  f o r  s imula t ing  
d i s t r i b u t i o n s  of thinned s tands  i n  time. The 
power of t h e  method permits  s imula t ion  of 
observab le  condi t ions  o u t s i d e  the  range of 
a v a i l a b l e  d a t a .  In t h e  development of our 
computer model f o r  thinned l o b l o l l y  p ine  
p l a n t a t i o n s ,  the  use r  is permit ted to  s imula te  
t y p e s  of th inn ings  t h a t  a r e  f a r  o u t s i d e  t h e  d a t a  
range. Continuous experimentat ion with t h e  
model has  however always ind ica ted  t h a t  t h e  
r e s u l t s  obtained a r e  reasonable  f o r  these  cases .  
V e r i f i c a t i o n  a g a i n s t  r e a l  d a t a  however is badly 
needed f o r  cases  s imulated which a r e  o u t s i d e  t h e  
d a t a  base.  

Extensive comparison back a g a i n s t  t h e  
c o n d i t i o n s  represen ted  i n  t h e  d a t a  base 
demonstrate  c l o s e  agreement between observed and 
pred ic ted .  As might be expected agreement is  
n o t  a s  c l o s e  a s  when observed ~ r a l u e s  of N*, V*, 
B*, and V*(X) a r e  used t o  c a l c u l a t e  s t and  
t a b l e s .  Even s o ,  f o r  p r a c t i c a l  purposes t h e  
p red ic ted  s tand  t a b l e s  were i n  correspondence 
wi th  t h e  observed.  
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A SEGMEETED DIPaETEE: DISTRIBUTION METROD 

1 / FOR MODELING T N I M E D  STPiiUD* 

Abstract, --A flexible method to approximate diameter distri- 
butions in forest stands was developed, Functions in the form of 
a modified Weibull cumulative distribution function (cdf) were 
joined together to £ o m  a segmented cdf, which was defined by five 
percentile points (the minimum, median, and maximum diameters, and 
the 25th and 75th percentiles). Further, a method for modeling 
growth and yield of thinned plantations was developed. The seg- 
mented cdf, employed to characterize stand diameter distributions, 
was searched for to insure that the resulting total basal area and 
average dbh estimates were identical to those predicted from stand 
variables using regression techniques. Stand and stock tables can 
be generated for present andlor future stands. 

INTRODUCTION SEGMENTED CMLATIVE DISTRIBUTION FUNCTION 

Yield models based on diameter distribu- 
tions have been used on unthinned plantations. 
The probability density functions (pdf ' s) 
employed in these models vary from the beta pdf 
(Bennett and Clutter 1968) to the Weibull 
function (Smalley and Bailey 1974). Growth and 
yield models on thinned plantations have been 
recently developed using the Weibull pdf 
(Bailey a. 1981, Matney and Sullivan 1982, 
Cao et al. 1982). 

In some cases in thinned stands, the empi- 
rical diameter distributions can be irregular, 
and unimodaf distributions (e.g. beta or 
Weibull pdf) may not be adequate to describe 
these data. In this study a more flexible 
approach was developed in which functions in 
the form of a modified Weibull cumulative 
distribution functfon (cdf) were joined 
together to form a segmented cdf. A method for 
modeling growth and yield of thinned planta- 
tions using the segmented cdf will be 
presented. 

1 I Paper presented at Southern Sifvicul- 
tural- Research Conference, Atlanta, Georgia, 
November 4-5, 1982, 

2 /  The author is Assistant Professor, 
~choo7 of Forestry and Wildlife Hanagemeat, 
Louisiana State University, Baton Rouge, 
LA 78803, 

Suppose X is a diameter random variable. A 
total of five percentile points were used to 
determine the cdf: 

x1 = Dmin, x2 = 0.25. xj = Dmed, 

x4 = D.75, x5 = Dmax. 

where Dmin = minimum dbh, 
b e d  = median dbh, 
Dmax = maximum dbh, 
D,25 - the 25th percentile for dbh where 

Pr(dbh d D.25) = .25, 
D.75 = the 75th percentile for dbh. 

The x 's are referred to as join points or 
percentilejpoints in this paper. The cumulative 
probability p 's corresponding to the x 's are 
givenby: j j 

j 
= Pr(X 6 x,); j = 1,2,.*.,5* 

3 

It follows that pl=O and p5=l A segmented 
cdf F(x) is defined here as 



In this study, a modified forn of the 
Weibull cdf was used for each segment: 

c. 
F.(x) = ej (1 - d. exp[-((x-a.)/bj) '1) 

J 3 J 

for x < x 5 x ~ + ~ ;  j = 1,2,3,4+ 
j 

F, (x) has to satisfy the following 
conditions: 

1. F(x) must be continuous at the join 
points (x ' s) , or: 

j 

Fj(xj+l) = Fj+l(xj+l) = P ~ + ~ ;  j=1,2,3,4. 

2, f (x) , which is the derivative of F(x) 
with respect to x, must be continuous 
at the join points: 

Condition (2) ensures that F(x) is smooth 
and the corresponding pdf, f(x), continuous at 
the join points. Details of the procedure for 
computing the coefficients for each segment were 
described by Cao (1981). 

When d = e = 1, F is a segment of a 
j j j 

Weibull cdf. The parameters of the segmented 
cdf are actually the five percentile points since 
aj bj, cj  ,, dj, and e can be computed from the 

j 
x 'S and p s. 
j j 

A MODEL FOR THINNED STANDS 

A growth and yield model based on the 
segmented cdf was developed using data from the 
loblolly pine (Pinus taeda L.) mutual competition 

study in the Hill Farm Experiment Station, Homer, 
Louisiana.3-/ Plots of the segmented distribu- 
tions that approximate observed diameter distri- 
butions are shown in figure 1. 

Prediction of the Present Stand 

The minimum, median, maximum, and average 
dbh's can be predicted from stand variables (age, 
site quality, basal area and number of trees per 
acre). The remaining two percentiles (D.25 and 
D.75) were computed using an iterative procedure 
to insure that the resulting segmented cdf would 
produce the current stand basal area and an 
arithmetic mean dbh estimate identical to that 
predicted from the regression equation. Thus 
D.25 and D.75 were solutions of the following 
system of two equations: 

Dmax 
BE0.005454Nf x2f(x)dx (1) 

Dmi n 

Dmax 

= L m i n  
x f (x) dx 

where B = stand basal area in sq.ft./acre, 
- 
D = arithmetic mean dbh in inches from 

regression equation, 
N = number of surviving trees per acre, 

f(x) = dF(x)/dx = diameter pdf. 

F(x) is the segmented cdf defined by Dmin, 
D.25, Dmed, D.75, and Dmax. 

31 Data from this study were described by 
sprin; et al. (1979). 
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Figure 1.--Plots of the segmented distributions that approximate observed diameter distributions. 
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In most diameter distribution models, the 
sum of per-class volume and basal area over all 
diameter classes produces total stand volume and 
basal ares, In a similar manner, equations (1) 
and (2) can be approximted by replacing the 
integral sign with a su 

where xi = midpoint of the ith dbh class, 
fi = proportion of trees in the ith dbh 

class, 

Equations (3, 4) are used in place of 
equations (1, 2) to form a system of two non- 
linear equations and two unknowns, namely, D.25 
and D.75. 

The five diameter percentiles determine a 
segmented cdf, and thus the number of trees per 
acre in each diameter class can be computed. 
Mean total heights for trees of a given diameter 
are predicted from stand variables. Volumes for 
each diameter class are computed using volume 
equations, and per acre yields are obtained by 
suming over diameter classes of interest. 

Thinning 

Since the stand table immediately before 
thinning is available, a variety of thinning 
options can be added to the model. 

In row thinning, the diameter distribution 
is assumed to remain unchanged. Trees in all 
diameter classes are reduced by the same factor, 
which is the specified proportion of trees 
removed in thinning. 

A11 trees having dbh below a certain diam- 
eter are removed in low thinning. This diameter 
limit can be either specified or computed from a 
specified residual density (basal area or number 
of trees per acre). The diameter distribution of 
a stand imediately after low thinning is 
truncated at the diameter limit. 

Selection thinning can be simulated by 
assuming that the proportion of trees removed in 
each diameter class has a reverse J-shape when 
plotted against dbh, i.e., removal percent is 
higher for smaller trees. 

In order to obtain a realistic operational 
removal pattern, a combination of these thinning 
options may be appropriate. The procedure 

Prediction of the Stand in the Future 

Basal area and number of trees per acre of 
the stand at some age in the future can be pro- 
jected from initial density, Given age, site 
quality, and density, stand and stock tables for 
the future stand can be provided using procedures 
similar to those in predicting the present stand, 

Figure 2 presents the logics used in 
predicting the stand and stock table of the 
current and future stands. 

A method for modeling thinned stands was 
developed using the segmented diameter distribu- 
tion approach. Stand and stock tables of the 
current stand and also of the stand in the future 
after thinning can be generated. This system 
will allow forest managers to evaluate different 
thinning regiaes, 
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Figure 2.--Logics used in predicting the current stand (a) and the future stand (b). 



DmSITY EFmCTS OM HEIGm GROWTH AND 

ITS IWLICATIONS FOR SITE INDEX PREDICTION 

AND GROWTH PROJECTIONL/ 
21 F. Thosnas Lloyd and Earle P. Jones, Jr.- 

Abstract. --Four s tud i e s  (two with l ob lo l ly  and two with 
s l a sh  pine) show an e f f ec t  of number of stems per acre  on mean 
dominant and codominant height .  One s l a s h  pine study averaged 
a 1-foot decrease i n  mean height  a t  age 30 f o r  each 100-tree 
increase i n  p lant ing  dens i ty  over t h e  range of  200 t o  1200 
seedlings per acre.  Ignoring t h i s  density-height e f f e c t  i n  a 
growth pro jec t ion  model developed from t h e  same s l a sh  pine 
da t a  r e su l t ed  i n  over-estimating growth by a s  much a s  46 
percent .  

INTRODUCTION 

A long held t e n e t  of our profession i s  t h a t  
height  growth i s  not a f f ec t ed  by stand dens i t i e s  
i n s ide  t he  range encountered i n  properly managed 
stands.  This doct r ine  provides t he  foundation f o r  
t he  s i t e  index (SI) model, which ignores e f f e c t s  
of  dens i ty  on height  and assumes t h a t  product iv i ty  
can be estimated from height  growth alone. The 
consequence is an i n a b i l i t y  t o  separate e f f e c t s  of 
s i t e  product iv i ty  and dens i ty  on height  growth. 

The only way t o  break t h i s  c i r c u l a r  entrapment 
of assumption i s  t o  make a r igorous t e s t  by apply- 
ing  dens i ty  treatments t o  p l o t s  so  s imi l a r  i n  
topography, s o i l ,  and pas t  use t h a t  they  can be 
assumed t o  have equal  productive po ten t i a l .  Ran- 
domized complete block ( RCB) experiments t h a t  have 
p lant ing  spacings a s  treatments would o f f e r  da ta  
t o  search f o r  a density-height e f f ec t .  The degree 
t o  which s i t e  product iv i ty  d i f ferences  a r e  sepa- 
r a t ed  from the  e f f e c t s  of dens i ty  on height  growth 
is  d i r e c t l y  proport ional  t o  t h e  uniformity of  p l o t s  
within blocks. Unfortunately, blocks i n  spacing 
s tud ie s  must be qui te  l a rge  and so  p l o t s  a r e  not  
necessar i ly  a s  uniform a s  we would l i k e .  Never- 
t h e l e s s ,  lacking b e t t e r  da ta ,  we examined density-  
height  t r ends  i n  four s tudies ,  two l o b l o l l y  pine 
spacing s tud ie s ,  a s l a sh  pine precommercial thinning 

l /Paper presented a t  t h e  Second Biennial  
~ o u t h F r n  S i l v i c u l t u r a l  Research Gonf erence , Atlanta,  
Georgia, November 4-5, 1982. 

2/Authors a r e  Research Fores ters ,  USDA Forest  
s e rv i ce ,  Forestry Sciences Laboratory, Charleston, 
SC 29407, and Southern Forest F i re  Laboratory, 
Macon, GA 31208, respectively.  

s tudy,  and a s l a sh  pine spacing study. The objec- 
t i v e  here i s  twofold; f i r s t ,  t o  ve r i fy  o r  reaf f i rm 
(depending on your persuasion) t he  existence of a 
density-height e f f e c t  using severa l  independent 
s t u d i e s ,  and second, t o  use t h e  s l a sh  pine spacing 
da t a  t o  measure t he  e f f e c t  of t he  density-height 
r e l a t i o n  on predic t ion  accuracy f o r  periodic volume 
increments from y ie ld  models t h a t  use S I  a s  a 
predic tor  ( o r  dr iv ing)  var iable .  

EXAMPLES OF DENSITY-HEIGHT EFFECTS 

Eighteenth-year measurements, a r e  ava i l ab l e  
from an unpublished l o b l o l l y  pine spacing study 
locs ted  on the  Santee Experimental Forest ,  i n  
Berkeley County, South Carolina. The study con- 
t a i n s  e ight  spacings cons is t ing  of  15x15, 11x11, 
9x9, 7x7, 6x6, 5x5, 4x4, and 3x3 f e e t ,  r ep l i ca t ed  
four times i n  ?-acre blocks. Mean t o t a l  he ights  
of t h e  f i v e  t a l l e s t  sample t r e e s  on each treatment 
p l o t  a r e  56, 52, 58, 54, 53, 52, 49, and 45 f e e t ,  
respect ive ly .  Although a t rend  of decreasing mean 
height  with increasing p lant ing  dens i ty  is  apparent ,  
we be l ieve  it is p a r t l y  obscured by va r i a t i on  re-  
s u l t i n g  from di f ferences  i n  s o i l  type and drainage 
within blocks. 

A second lob lo l ly  spacing study i s  on t h e  
Calhoun Experimental Forest  on Piedmont s o i l s  near  
Union, South Carolina. It cons i s t s  of four  b locks ,  
each with four spacings of 12x12, 10x10, 8x8, and 
6x6 f e e t .  Means of t he  f i ve  t a l l e s t  sample t r e e s  
from t h e  20-year measurements reported by Harms 
and Lloyd (1981) a r e  65, 63, 60, and 59 f e e t ,  
respect ive ly .  A r e l a t i onsh ip  of decreasing mean 
height  with increasing p lant ing  dens i ty  i s  a l s o  
present  i n  these  da t a ,  and t h i s  e f f e c t  i s  occurring 
over a more narrow dens i ty  range than t h e  f i r s t  study. 



From an  RCB-designed, s l a s h  pine p r e c o m e r c i a l  
t h i n n i n g  s t u d  , Jones (1977) repor ted  a l i n e a r  re -  
l a t i o n s h i p  (RT=0.903) of mean dominant and codomi- 
nant  he igh t  (H) over p resen t  number o f  t r e e s  a t  
age 23. It might be argued t h a t  such an e f f e c t  i s  
expected f r o a  t h e  wide d e n s i t y  range i n  h i s  exper i -  
ment (279 t o  5802 t r e e s  p e r  a c r e  a t  age 23) ,  b u t  a 
subse t  of t h e s e  d a t a  wi th  numbers of t r e e s  i n  t h e  
range of 279 t o  2126 p e r  a c r e  produced a s lope  of 
-0.69 f e e t  f o r  each 100-tree increase  on d e n s i t y  
and an R~ of 0.858. This  regress ion  p r e d i c t s  a 
4.2 f o o t  decrease i n  mean H when d e n s i t y  a t  age 
23 i s  increased  from 300 t o  900 t r e e s  p e r  a c r e .  

The f o u r t h  s tudy i s  w i t h  s l a s h  p ine  on t h e  
Holt Walton Experimental F o r e s t ,  near  Cordele, 
Georgia, i n  t h e  middle Coastal  P la in .  It c o n s i s t s  
of two blocks p lan ted  a t  spacings of 15x15, 7 . 5 ~ 1 5 ,  
10x10, 6x12, 8x8, 5x10, 6x8, and 6x6 f e e t .  Table 
1 p r e s e n t s  t h e  i n t e r c e p t s  and s lopes  from l i n e a r  
r e g r e s s i o n s  of mean H over number of p l a n t e d  seed- 
l i n g s  (hundreds per  a c r e )  f o r  ages 1 0 ,  1 5 ,  20,  25,  
and 30. The decrease i n  mean H i s  smal l  a t  age LO, 
bu t  by age 30 i n c r e a s e s  t o  1-foot  per  100-tree 
i n c r e a s e  i n  p l a n t i n g  d e n s i t y  i n  t h e  range of  200 
t o  1200 seed l ings  p e r  a c r e .  

was f a i r l y  advanced by age LO) and t h e  smoothness 
o f  t h e  l i n e a r  r e l a t i o n s  of  rnean H over p l a n t i n g  
dens i ty .  These rnean H and s tand  age (t ) d a t a  a r e  
used wi th  Benne t t ,  McGee , and C l u t t e r t  s (1959) 
o l d - f i e l d ,  p l a n t a t i o n  SZ model t o  produce t h e  
ST-over-time d a t a  i n  Table 3. S t a b i l i t y  of SI 
over  time means t h e  a s s o c i a t e d  spacing has a 
height-over-time curve s i rz i l a r  t o  t h a t  of t h e  S I  
curve. 

Table I . - -Es t ina tes  of l i n e a r  regress ion  coeff'i- 
c i e n t s  f o r  p r e d i c t i n g  Bean dominant and codomi- 
nan t  he igh t  from number of p lan ted  seed l ings  
p e r  a c r e .  

- -- - 

Age I n t e r c e p t  Slope 
(yrs) 

F t  Ft/LOO seed l ings  

A s w a r y  of  p a r t  o f  t h e  mean H d a t a  Prom t h e  
s l a s h  p ine  spacing s tudy  i s  given i n  Table 2 .  We 
assume t h a t  t h e  observed t r e n d s  i n  Table 2 repre -  
sen t  e f f e c t s  of d e n s i t y  on he igh t  growth and no t  
d i f f e r e n c e s  i n  SI .  This  assumption of uniform 
s i t e  p o t e n t i a l  of p l o t s  wi th in  blocks i s  supported 
bo th  by t h e  closeness  of t h e  mean H v a l u e s  a t  age 
10 (except  f o r  t h e  6x6 spacing where competi t ion 

Table 2.--Mean dominant and codominant h e i g h t s  over  t ime from s l a s h  
p ine  spacing study.&/ 

- 

Age P l a n t i n g  spacing ( f t  x f t )  

15x15 7 . 5 ~ 1 5  10x10 6x12 8x8 5x10 6x8 6x6 

- - 

l /Values shown a r e  averages f o r  two blocks.  - 



Table 3.--Base-age-25 s i t e  index es t imates  made over time on p l o t s  with 
d i f f e r e n t  p lan t ing  d e n s i t i e s  .t,/ 

S i t e  index 
p red i c t i on  Plan t ing  spacing ( f t  x f t )  

Z/tTalues shown a r e  averages f o r  two blocks. - 

GROWTH PmDICTION BIAS 

Occurrence of e f f e c t s  l i k e  those i l l u s t r a t e d  
above i nva l i da t e s  t h e  foundation on which t he  S I  
model r e s t s .  This means t h a t  a s  a c l a s s i f i c a t i o n  
t o o l  S I  w i l l  be e i t h e r  over-estimated o r  under- 
es t imated ,  depending on whether observed dens i ty  
i s  l e s s  than o r  g r ea t e r  than t h a t  dens i ty  whose 
corresponding height-over-time curve equals  t h a t  
of t h e  S I  model. On t h e  o the r  hand, t h e  e f f e c t  
of dens i ty  on ST i s  not  a problem i n  f i t t i n g  y i e l d  
models because S I  i s  e s s e n t i a l l y  a measure of 
dominant s tand he ight ,  and a s  such w i l l  always be 
a highly s i gn i f i can t  va r i ab l e  i n  any y i e l d  model. 
The r e s u l t i n g  model w i l l  always predic t  wel l  f o r  
t h e  S I ,  age ,  and dens i ty  combinations a t  given 
poin ts  i n  time. The problem comes when the  model 
i s  used t o  make predic t ions  over time. 

We evaluated t he  time r e l a t e d  problem by 
f i t t i n g  a y i e ld  model t o  our s l a sh  pine spacing 
da t a ,  and then comparing a c t u a l  growth wi th  
p r ed i c t i ons  from t h e  model. The 16 (6 spacings x 
2 b locks)  p l o t s  were measured 16 t imes,  a t  ages 
10 through 22, and a t  25, 28, and 30. This 
produced 256 observat ions of t o t a l  cubic foo t  
volume per  ac r e  (v) , stand age ( t  ) , $1 ( s )  and 
merchantable ba sa l  a r ea  per  acre  (h) . They 
were f i t  using t he  model 

grid y ie lded  b o  = 3.1508844, ii = 0.02566564, 
B2 = -29.403421, B 3  = 0.82870861, and an Fi2 = 
0.993. A s  you would expect from such a high R', 
y i e l d  predic t ions  checked back very c lo se ly  with 
observed v o l m e s ;  so we concluded t h a t  t h e  model 
i s  good. 

Tbe f i t t e d  y i e l d  model was next used t o  
p r ed i c t  t o t a l  cubic foot  growth by inerementing 
stand age ( t )  and basa l  a r ea  (B,). Basal a r ea  
increment comes from observed density-over-time 
da t a  presented i n  Table 4. The above predic t ion  
process assumes SZ i s  constant  f o r  any growth 
period. For t h i s  research we used t h e  nrean S I  a t  
age 10 a s  t h i s  constant S I  value (66.1 f e e t  a t  

age 25) .  Of course,  Table 3 cont rad ic t s  t h i s  
assumption so t h e  above defined predic ted  growth 
was compared with a c t u a l  growth obtained by using 
stand age and basa l  a r e a ,  p lus  t h e  observed S I  
va lues  from Table 3. 

Differences i n  t he se  two volume increments 
( p r e d i c t e d - ~ c t u a l  ) a r e  presented i n  Table 5. They 
r e s u l t  from assuming S I  does not change over t h e  
pro jec t ion  period.  The b i a s  increases  with de- 
c reas ing  spacing from t h e  widest spacing (15x15) 
because height  growth assoc ia ted  with t h i s  spacing 
most nea r ly  matches t h a t  of Bennett ,  WcGee, and 
C l u t t e r ' s  S I  model. The t r end  of increas ing  b i a s  
with increas ing  length  of t h e  pro jec t ion  period 
i s  due t o  t h e  cumulating e f f e c t  over time of 
dens i ty  on height  growth. Table 6 presents  t he se  
volume growth d i f fe rences  a s  percentages of a c t u a l  
volume growth defined i n  t h e  previous paragraph. 

CONCLUSIONS 

Four independent s t ud i e s  show height  growth 
of both l o b l o l l y  and s l a sh  pine t o  be reduced a s  
s tand  dens i t y  increases  i n s ide  a range considered 
proper f o r e s t  management. Existence of t h i s  e f f e c t  
repudia tes  a foundation p r inc ip l e  of S I ,  which 
i n  t u r n  i nva l i da t e s  it a s  a de t eminan t  i n  study- 
ing  growth and y i e l d  r e l a t i o n s  over time. Speci- 
f i c a l l y ,  we showed t h a t  s u b s t a n t i a l  b i a s  can r e s u l t  
i n  per iodic  growth predic t ions  from a y i e ld  model 
b u i l t  on da t a  containing an e f f e c t  of dens i ty  on 
he igh t ,  even when t h e  model otherwise f i t s  t h e  
da ta  c lose ly .  The d i r ec t i on  of t h e  b i a s  w i l l  
depend on where i n  t h e  dens i ty  range height  growth 
matches t h e  S I  curve. In t h i s  example it occurred 
a t  t he  widest spacing,  bu t  it could occur a t  any 
stocking l e v e l ,  depending on t h e  p rope r t i e s  of t h e  
two da t a  s e t s  used t o  f i t  t h e  y i e l d  and S I  models. 

Any attempt t o  modify SI t o  handle dens i ty  
would be s e l f  defea t ing  i n  t h a t  t h e  purpose and 
primary defense of SI has been i t s  independence 
from e f f e c t s  of dens i ty .  Such an e f f o r t  would 
a l s o  va l i da t e  t h e  arguments of those who would use 
volume t o  measure product iv i ty  of fo r e s t ed  s i t e s .  



This along with t h e  poor prec is ion  of t he  S I  pre- 
d i c to r  (Lloyd and Hafley 1977, Lloyd 1981, Lloyd, 
&.fuse and Hafley 1982) suggests t h a t  we should be 
i nves t iga t ing  a l t e r n a t i v e  methods of" using measure- 
ments of t r e e s  t o  e s t a b l i s h  f o r e s t  s i t e  productiv- 
i t y .  
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I/ Table 4. Mean merchantable basa l  a r ea  per  acre.- 

Age Planting spacing ( f t  x f t  ) 

(yrs) 15x15 7 . 5 ~ 1 5  10x10 6x12 8x8 5x10 6x8 6x6 

- - - - - - - - - - -  Basal a rea  ( sq  f t )  - - - - - - - - - - 

- - - - - - - - - 

l/Values shown a r e  averages f o r  two blocks. - 

Table 5. --The amount merchantable cubic foot  volume ( o . b , ) 
i s  overestimated when the  density-height e f f e c t  is  ignored. 

Growth Planting spacing ( f t  x f t  ) 
period 
(yrs> 15x15 7 . 5 ~ 1 5  lox10 6x12 8x8 5x10 6x8 6x6 



Table 6.--percentage by which growth is over-estimated when 
the density-height effect is ignored. 

Growth Planting spacing (ft x ft) 
period 
(yrs) 15x15 7.5~15 10x10 6x12 8x8 5x10 6x8 6x6 



AH EWIRICAL mCTIOB FOR PREDICTING 

SURVIVAL OYER A WIDE RANGE OF DENSITIE&/ 

21 W i l l i a m  R. Hams- 

Abstract.--A f l e x i b l e  s i p o i d  function of t he  form S = 
1/[1 + ( H / H ~ ) ~ ] ,  where S is  su rv iva l  expressed a s  t he  r a t i o  
of  number of  l i v i n g  t r e e s  (I?) t o  t he  number of  t r e e s  a t  s tand  
establishment ( N ~ ) ,  H is mean s tand he igh t ,  H, i s  mean he ight  
a t  S = 0.5, and 0 i s  an exponent def in ing  t h e  shape of  t h e  
curve, was f i t  t o  a s e t  of  l o b l o l l y  pine surv iva l  da t a  cover- 
i ng  a range of  dens i t i e s  from 1000 t o  16,000 t r e e s  per  acre .  
The equation provided an adequate f i t  t o  t he  da t a  with r2 
values from 0.76 t o  0.98, The est imated parameters Hc and 8 
were found t o  be corre la ted  t o  i n i t i a l  densi ty.  Both can be 
predic ted  $ a t i s f a c t o r i l y  with regressions of  t he  form 
Kc = bo?Jib1, and 0 = bo + bt/Ni. 

INTRODUCTION 

Reliable predic t ion  of  surv iva l  i s  e s s e n t i a l  
t o  accura te  predic t ion  of  growth and y ie ld .  A 
number of  mathematical models have been used with 
varying degrees of  success t o  describe t h e  re la-  
t i onsh ip  between su rv iva l  o r  mor ta l i ty  and se lec ted  
cha rac t e r i s t i c s  of t h e  s tand ,  but  a completely 
adequate model has y e t  t o  be developed ( ~ u r k h a r t  
e t  a l .  1981, Somers et a l .  1980). The d i f f i c u l t y  
i n  obtaining a s a t i s f a c t o r y  model stems from t h e  
f a c t  t h a t  mor ta l i ty  i s  extremely va r i ab l e ,  depend- 
i ng  a s  it does on competitive a b i l i t y  and inherent  
growth r a t e  o f  t he  spec i e s ,  and such externa l  
f ac to r s  of  s i t e  a s  s o i l  moisture and nu t r i en t s .  
Further d i f f i c u l t i e s  i n  modelling a r e  encountered 
when at tempts a r e  made t o  include ca tas t rophic  
mor ta l i ty  caused by such i s o l a t e d  occurrences a s  
i n sec t s ,  d isease ,  f i r e ,  and wind and i c e  storms. 

Survival  curves have a c h a r a c t e r i s t i c  s ig-  
moid shape over t h e  course of  s tand  development. 
The form of surv iva l  curve f o r  a p a r t i c u l a r  s tand  
depends primari ly on t h e  number of  t r e e s  estab- 
l i shed ,  inherent  growth r a t e ,  and t h e  s i t e  qua l i t y ,  
Logically,  t he  curve should be describable i n  
t e r m  of  one o r  more of t hese  va r i ab l e s ,  and i n  
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f a c t  t h e  published models show t h a t  i n i t i a l  
number of t r e e s  and s tand height  a s  we l l  a s  age 
a r e  predic tors  of surv iva l .  

An empirical  model is presented i n  t h i s  
paper t h a t  c lose ly  f i t s  surv iva l  da ta  obtained 
from experimental p l o t s  of  l ob lo l ly  pine (pinus 
taeda  L. ) grown over a wide range of  d e n s i t i e s .  
Preliminary r e s u l t s  suggest t h a t  t h e  model may 
be usefu l  a s  a general  su rv iva l  function f o r  
cases where mor ta l i ty  i s  more o r  l e s s  regular .  

TEIE MODEL 

Sigmoid response curves a r e  common i n  biolo-  
g i c a l  systems, and many d i f f e r en t  forms of equa- 
t i o n s  have been suggested t o  describe various 
growth and development phenomena. The p a r t i c u l a r  
form chosen t o  model surv iva l  was 

where S i s  surv iva l  expressed a s  t he  r a t i o  o f  
number of  surviving t r e e s  (N) t o  number of  t r e e s  
a t  s tand  establishment ( N ~ ) ,  H i s  mean s tand 
he igh t ,  Hc is  mean s tand height  a t  S = 0.5,  and 
8 i s  an exponent defining t h e  shape of  t h e  curve. 
Expressions of  t h i s  form a r e  described by Thornley 
(1976) a s  threshold response curves of  t h e  switch- 
o f f  type. The function va r i e s  between 1 and 0 ,  
approaches 1 f o r  H << Hc and f a l l s  monotonically, 
tending t o  zero f o r  H >> He, and passing through 
t h e  value 0.5 f o r  H = He. The higher t h e  value 
of  8 ,  t he  higher t h e  value of  S f o r  H < H,, t h e  
s t eepe r  t he  f a l l  of t h e  curve i n  t he  reglon H = 
He, and t h e  smaller  t h e  value of  S f o r  H > He. 
'?bere i s  a point  of  i n f l e c t i o n  a t  



As (3 increases,  the  point of in f l ec t ion  moves 
c loser  t o  X/Hc = 1. 

This equation was selected because of i t s  
simple algebraic form and because i t s  properties 
appeared t o  f i t  a wide range of survival curves. 

Mean stand height was selected as  the  pre- 
d ic to r  variable because it is an indicator  of 
both the  stage of b iological  development of the  
t r e e s  making up the  stand, and the  qual i ty  of the  
s i t e .  Height i s  a l so  a measure of the  age of t h e  
t r e e s ,  and i s  somewhat sensi t ive  t o  stand density. 

A TEST CASE 

The model was t e s t ed  by f i t t i n g  equation (1)  
t o  a s e t  of survival data taken from a study of 
stand development i n  young even-aged lob lo l ly  
pine f ~ a r m s  and Langdon 1976). The data consisted 
of annual measurements of d.b.h., height,  and 
survival from age 3 through 24 of a s e r i e s  of 0 , 1  
acre density p lots .  Five density levels  of 4 
repl ica t ions  each were established a t  age 3 i n  a 
uniform stand of natura l ly  regenerated seedlings 
by thinning plots  back t o  1000, 2000, 4000, 8000, 
or  16,000 t r e e s  per sere.  These density Levels 
w i l l  be referred t o  by number of t r e e s  present a t  
age 3; thus I M  is  an i n i t i a l  density of 1000 
t r e e s  per acre. One p lo t  of the  l M  density was 
deleted from the  data s e t  because of unexplained, 
unnaturally high mortali ty i n  the  15th year, 
Mortality over a l l  densi t ies  was qui te  high f o r  
the  f i r s t  2 years following thinning a f t e r  which 
it leveled off  t o  a more expected pattern.  This 
mortali ty was thought t o  be caused by the  sudden 
release required t o  e s t ab l i sh  the  treatment densi- 
t i e s .  To avoid inconsistencies i n  the  data from 
t h i s  source, the  number of t r e e s  present a t  age 
6,  when the  plots  appeared t o  have s t ab i l i zed ,  
was taken as  the  i n i t i a l  number (NI) ra ther  than 
the  number a t  age 3. 

Equation (1 )  was f i t t e d  t o  the  data by e s t i -  
mating Hc and 8 with a nonlinear l e a s t  squares 
procedure. I n i t i a l  values fo r  Ne, the  mean stand 
height a t  a survival of 50 percent, were e s t i m t e d  
f o r  each plot  from s c a t t e r  diagrams of the  data, 
The s t a r t i n g  value fo r  8 was a r b i t r a r i l y  s e t  a t  
2, The equation was f i t  separately t o  each p l o t ,  
and then t o  each density with the  p lo t s  pooled, 

Scat ter  diagrams of t h e  estimated parmeters  
f o r  the  individual p lo t  data show t h a t  both Hc 
and 8 a re  correlated with i n i t i a l  density. The 
re la t ion of Nc t o  density i s  very good ( f ig .  1 ) .  
A regression of the  form 

where Hc and N i  a re  defined a s  above, was f i t  t o  
t h e  data. Figure 1 shows the  curve and i t s  equa- 
t i o n  i n  exponential form. There is  very l i t t l e  
var ia t ion i n  Hc about the  curve throu@out the  
range of' densi t ies .  

DENSITY (M TREES /&RE) 

Figure 1.--Scatter diagram of estimated "Hew i n  
r e l a t ion  t o  i n i t i a l  density. 

The re la t ion between 6 and i n i t i a l  density 
i s  much more variable,  the  greates t  var ia t ion 
being a t  the  1PI and 2M density levels  ( f ig .  2 ) .  
The var ia t ion i s  due t o  differences among these 
p lo t s  i n  the  onset of mortali ty,  Mgh values of 
8 a re  associated with p lo t s  t h a t  were older and 
t a l l e r  than average when mortali ty began. The 
values of €I for  the  denser p lo t s  i n  which mortal- 
i t y  began a t  younger ages were much more closely 
grouped. A regression of the  form 

was f i t  t o  the  data ,  with 9 and N i  a s  defined 
above. Figure 2 shows the  curve and its equation. 
The regression is  s ign i f i can t ,  but f i t  is ra the r  
poor because of the  wide var ia t ion i n  the  1 M  and 
2 M  p lots .  Additional data a t  lower densi t ies  
w i l l  be needed t o  es tabl ish  the  bes t  form of 
the  regression, 

DENSITY (id TREES /ACRE] 

Figure 2,--Scatter diagram of estimated "8" i n  
r e l a t ion  t o  i n i t i a l  density. 



Parameter est imates from t h e  indiv idual  
p lo t s  when pooled f o r  each dens i ty  a r e  given i n  
Table 1 together  with t he  va r i a t i on  accounted f o r  
f r 2 ) .  The f i t  of t he  model was good, t he  r2 in- 
creasing from 0.76 f o r  t he  1 M  dens i ty  t o  0.98 
f o r  t h e  1 6 ~  density.  The parameter values from 
the  pooled analyses were used i n  t he  model t o  
ca l cu l a t e  est imated su rv iva l  f o r  each density 
leve l .  The r e s u l t s  a r e  p lo t t ed  i n  Figure 3 to- 
gether with t he  ac tua l  mean surviva ls .  The 
curves show t h a t  t he  model provides an adequate 
f i t  t o  t h e  da ta  over a l l  dens i t i e s  with t h e  
poss ib le  exception of  t he  1 6 ~  dens i ty  f o r  which 
ea r ly  surv iva l  i s  underestimated. An explanation 
i s  being sought i n  f u r t h e r  analyses of t h e  data.  

Table 1.--Parameter est imates f o r  t he  su rv iva l  
function with t he  p l o t s  i n  each density pooled. 

-- 

Density Ho 0 r2 

The e n t i r e  da t a  s e t  with a l l  5 dens i t i e s  
pooled a l s o  was f i t ,  pu t t i ng  Hc values f o r  each 
dens i ty  equal  t o  those given i n  Table 1. The 
value est imated f o r  8 was 3,3319, t he  r2 equalled 
0.97. In  s p i t e  of  t h e  high r2 ,  predicted surv iva l  
was g rea t ly  underestimated a t  t h e  H/Hc values 
above about 1.4. This r e s u l t  shows, as  do the  
values of 8 i n  Table 1, and the  regression i n  
f i gu re  2, t h a t  a  constant value f o r  8 probably 
cannot be used over t h e  range of  dens i t i e s  
spanned by these  data.  However, a  constant 0 
may be s a t i s f a c t o r y  over a more r e s t r i c t e d  range 
of  dens i t i e s .  

DISCUSSION 

The r e s u l t s  presented here a r e  preliminary 
but  they show t h a t  t he  model has considerable 
promise. It gives an excel len t  f i t  t o  su rv iva l  
da t a  of t h e  kind used i n  t h e  t e s t .  Work i s  i n  
progress t o  t e s t  t h e  model on da ta  from d i f f e r e n t  
s i t e s ,  from p lan t a t i ons ,  and from na tu ra l  s tands  
of  lower i n i t i a l  dens i t i e s  extending t o  o lde r  
ages. 

The quest ion of  how wel l  s tand  height  alone 
can account f o r  age and d i f ferences  i n  s i t e  
qua l i t y  remains t o  be seen, It can be assumed 
t h a t  Hc f o r  a  constant N i  w i l l  vary with s i t e  
qua l i t y ,  For example, a given H, w i l l  occur a t  
a  younger age on high s i t e s  than on low s i t e s .  
What e f f e c t ,  i f  any, s i t e  has on t h e  value of  8 
must be determined from ac tua l  data. I f  needed, 
a  measure of  s i t e ,  o r  age, o r  o ther  var iable  can 
be incorporated i n t o  t h e  model i n d i r e c t l y  a s  a 
var iable  i n  t he  regression predic tors  of Hc and 
0 ,  o r  d i r e c t l y  by modifying the  model term H/Kc 
so  t h a t  

where x l .  . .xn a r e  var iables  such a s  height and 
s i t e  index, and el. . .Bn a r e  t h e  corresponding 
exponents . 

I f  mor t a l i t y  ins tead  of surv iva l  must be 
predic ted ,  equation ( 1 )  can be rewri t ten  so t h a t  

where M i s  mor t a l i t y ,  t h e  r a t i o  of number of t r e e s  
died ( N ~ )  t o  i n i t i a l  number ( ??i ) , and B, Hc , and 
8 a r e  defined above, 

MEAN HEIGHT (FEET) 

Figure 3. --Survival t rends  i n  r e l a t i on  t o  s tand  
height  f o r  l ob lo l ly  pine a t  f i ve  dens i t i e s .  
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STEP? VOLLVE PREDICTION AND CROWN CHARACTEB.ISTI CS 

OF THIhqED LONGLEAF PINE PMTATIONSA/ 

Richard E, Lohreyz/ 

Abstract.--Tree s tem volume was es t imated  from t h e  combined 
v a r i a b l e ,  D ~ H ,  and crown dimensions i n  35- t o  45-year o l d  long- 
l e a f  p ine  p l a n t a t i o n s  t h a t  had been thinned f o r  1-5 t o  25 years .  
The combined v a r i a b l e  accounted f o r  99 p e r c e n t  of t h e  v a r i a t i o n  
i n  s tem volume. Crown dimensions could no t  c l a r i f y  t h e  v a r i a -  
t i o n  r e l a t e d  t o  th inn ing  t reatments .  

INTRODUCTION 

Tree s tem volume is usua l ly  es t imated  from 
t r e e  diameter  o u t s i d e  bark  and e i t h e r  t o t a l  o r  
merchantable he igh t .  Severa l  a t t empts  were made 
r e c e n t l y  t o  improve t h e  accuracy of volume pre- 
d i c t i o n s  by f i t t i n g  s e p a r a t e  func t ions  t o  d a t a  f o r  
t r e e s  i n  d i f f e r e n t  l i v e  crown r a t i o  c l a s s e s  (Del l  
and o t h e r s  19  79, Feduccia and others 19 79, Baldwin 
and Polmer 1981). This procedure should improve 
volume e s t i m a t e s  because s tem form is c o r r e l a t e d  
wi th  crown s i z e  and i t s  d i s t r i b u t i o n  on the  stem 
(Larson 1963). So i t  is important  t o  determine 
how l i v e  crown r a t i o  and o t h e r  crown charac- 
t e r i s t i c s  a r e  r e l a t e d  t o  stem o r  bo le  volume i n  
thinned s tands .  This paper  r e p o r t s  such r e l a t i o n -  
s h i p s  I n  t h r e e  th inn ing  s t u d i e s  i n  longleaf  p ine  
p l a n t a t i o n s .  Stem volume i n  t h i s  paper  i s  t o t a l  
volume o u t s i d e  bark  of t h e  mciin stem from a 6-inch 
stump t o  t h e  te rmina l  bud. 

METHODS 

The f i r s t  s tudy ,  i n  c e n t r a l  Louis iana ,  was 
conducted on cutover  longleaf  p ine  l a n d  t y p i c a l  
of many a r e a s  i n  t h e  West Gulf c o a s t a l  p l a i n .  
Nat ive g r a s s e s  dominated t h e  si te a t  p l a n t i n g  
because f requent  w i l d f i r e s  c o n t r o l l e d  most hard- 
woods a f t e r  t h e  v i r g i n  s t a n d  was f e l l e d .  S i t e  
index averaged 78 f e e t  and ranged from 70 t o  
87 a t  base age 50. 

Pines were p lan ted  a t  i n i t i a l  spac ings  of 
4.3- by 4.3-f t . ,  5.2- by, 5 .2 - f t . ,  6.2- by ,  6 .2  f t .  
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and 13.1- by 13.1-ft.  These a r e  equ iva len t  t o  
p l a n t i n g  d e n s i t i e s  of 2,500,1,600, 1,150 and 250 
t r e e s  p e r  ac re .  Three of  t h e  r a t e s  a r e  h igher  
than p r e s e n t  s tandards .  Heavy e a r l y  m o r t a l i t y  
reduced t h e  number of surv ivors  a t  age 20 t o  t h a t  
of s t a n d s  wi th  wider  i n i t i a l  spacing and lower 
e a r l y  m o r t a l i t y .  At age 20, dens i ty  ranged from 
78 t r e e s  per  a c r e  i n  t h e  widest  spacing t o  519 
Crees p e r  a c r e  i n  t h e  narrowest one. Each spac ing  
was repea ted  i n  f o u r  p l o t s  w i t h i n  each of four  
completely randomized blocks.  This permit ted 
f u t u r e  establishznent of four  th inn ing  t reatments  
a t  each spacing.  

Thinning t rea tments  were i n i t i a t e d  a t  age 20 
and repea ted  every 5 y e a r s  t o  age 45. I n  t h e  
t h r e e  c l o s e  spac ings ,  p l o t s  were thinned t o  r e s i -  
dua l  d e n s i t i e s  of 60, 80 and 100 sq .  f t .  of b a s a l  
a r e a  p e r  ac re .  The f o u r t h  th inn ing  l e f t  a  r;laximwn 
of 100 merchantable crop t r e e s  per  a c r e  a t  age 20 
wi th  no subsequent p a r t i a l  c u t t i n g s .  A few sub- 
merchantable t r e e s  l e f t  a t  age 20 l a t e r  grew i n t o  
merchantable s i z e  and st i l l  surv ive .  

P l o t s  p lan ted  a t  13.1- by 13.1-ft.  spacing 
were n o t  thinned because t h e i r  average dens i ty  was 
low. Stands here  were s i m i l a r  t o  t h e  crop t r e e  
th inn ings  i n  narrow i n i t i a l  spacings.  Therefore,  
unthinned p l o t s  i n  t h e  widest  spacing and once- 
thinned p l o t s  i n  t h e  t h r e e  narrow spacings were 
considered as the  same treatment .  

The second t h i n n i n g  s tudy was i n s t a l l e d  Ln 
24- and 25-year-old longleaf  p ine  p l a n t a t i o n s  i n  
East  Texas. Both s t a n d s  had been p lan ted  a t  
6- by ,  6 - f t .  spacing on cutover  longleaf  p ine  Land. 
Sample p l o t s  averaged 582 t r e e s  and 112 square 
f e e t  of b a s a l  a r e a  p e r  ac re .  S i t e  index ranged 
from 75 t o  90. Residual  d e n s i t i e s  ranged from 
40 t o  140 square f e e t  of b a s a l  a r e a  p e r  a c r e  i n  
increments  of 20 s q ,  f t . ,  p l u s  unthinned checks. 
P l o t s  were inventor ied  and thinned a t  5-year 
i n t e r v a l s  t o  ages 39 and 40. 



The t h i r d  s tudy  was i n  a  longleaf  p ine  s tand  
t h a t  had been p lan ted  a t  6- by 6- f t .  spacing on an 
abandoned f i e l d  i n  M s s i s s i p p i .  Sample p l o t s  
were e s t ab l i shed  a t  s t and  age 20. Stand dens i ty  
a t  t h a t  age averaged 537 t r e e s  and 87 square f e e t  
of b a s a l  a r ea  per  acre .  &s idua l  d e n s i t i e s  
assigned t o  t he  p l o t s  again ranged from 40 t o  
140 s q . f t .  per  a c r e  p lu s  an unthinned check 
t r e a t m n t  . P l o t s  were inventor ied  and thinned 
a t  5-year i n t e r v a l s  t o  age 35. 

m i n n i n g  i n  a l l  t h r ee  s t u d i e s  was from 
below wi th  some, bu t  no t  a l l ,  submerchantable 
t r e e s  being cu t .  P l o t s  t h a t  had not  reached t h e i r  
assigned dens i ty  were not  cu t  u n t i l  t h e  next  
scheduled th inn ing  f i v e  years  l a t e r .  

o r  product term was de le ted  from the  model and 
t h e  ana ly s i s  repeated with only D2H and treatment  
a s  independent va r i ab l e s .  The new equation had 
an ~2 of 0.9901, an e r r o r  mean square of 0.00036424, 
and t he  e f f e c t  of t reatment  was s i g n i f i c a n t  
(Table I) . 

When the  t h r ee  independent va r i ab l e s  of crown 
s i z e  o r  d i s t r i b u t i o n  were added t o  t he  previous 
model, a l l  were s i g n i f i c a n t .  They did not  expla in  
the  d i f f e r ences  i n  stem volume among thinning 
methods, however, because t he  va r i ab l e  f o r  th inn ing  
treatment  remained s i g n i f i c a n t  i n  the  presence of  
a l l  t h r e e  crown va r i ab l e s  (Table 2) .  

Second Studv 

The same measurewnt methods and procedures 
were used i n  the s t u d i e s .  Diameters a t  4.5 f e e t  
of a l l  t r e e s  0.6 inch o r  l a r g e r  were measured 
t o  0 . 1  inch.  Height t o  each 2-inch t a p e r  s t e p  
was measured on sample t r e e s  and t h e i r  stem volume 
ou t s i de  bark was determined by he ight  accumulation 
(Grosenbaugh 1954). Tota l  he igh t ,  he igh t  t o  t he  
base of t h e  l i v e  crown, and crown c l a s s  were re- 
corded f o r  each sample t r e e .  A t  t h e  most recent  
i nve n to r i e s ,  crown diameter i n  two perpendicular  
d i r e c t i o n s  was measured on sample t r e e s  from 
a l l  diameter c l a s s e s  on each p lo t .  Most da t a  
used i n  the  ana ly s i s  came from s t ands  t h a t  had 
been thinned 3 t o  5 times over  a  per iod  of 15  t o  
25 years .  The exceptions were da t a  from unthinned 
checks o r  p l o t s  t h a t  had not  reached t h e i r  assigned 
b a s a l  a rea .  

Data were t e s t e d  by weighted mu l t i p l e  l i n e a r  
regress ion  techniques (weight =1/D213). Separate  
but  s i m i l a r  analyses weze made f o r  each of t he  
t h r e e  s t ud i e s .  The dependent v a r i a b l e  was sample 
t r e e  volume outs ide  bark a s  determined by he ight  
accumulation. The f i r s t  independent v a r i a b l e  was 
always t h e  combined va r i ab l e  ( D ~ H )  . Other 
va r i a b l e s  t e s t e d  were l i v e  crown r a t i o  (CR) , crown 
c l a s s  (CC) , average crown width (Am), and th inn ing  
treatment  (TMT). Crown r a t i o  and average width 
were continuous va r i ab l e s ;  crown c l a s s  and th inn ing  
treatment  were d i s c r e t e  var iab les .  

RESULTS 

F i r s t  Study 

There was a  s t r ong  r e l a t i o n s h i p  between the  
coaibined va r i ab l e  ( D ~ H )  and stem t o t a l  volume. 
This one va r i ab l e  alone accounted f o r  99 percent  
of t he  v a r i a t i o n  i n  stem volume (R2 = 0.9888) 
and had an e r r o r  mean square of  0.000406896. When 
thinning treatment and its product wi th  D ~ B  were 
included i n  the  model, the  main e f f e c t  of t r e a t -  
ment was s i g n i f i c a n t  but  the  product term was no t .  
The r e s u l t s  ind ica ted  t h a t  the  s lope  of t h e  volume- 
D ~ M  regress ion  was s i m i l a r  i n  a l l  t r e a t m n t s  
but  t he  i n t e r c e p t s  were d i f f e r e n t .  The i n t e r a c t i o n  

I n  t he  second study t he  combined va r i ab l e  
explained 99 percent  of t h e  v a r i a t i o n  i n  stem 
volume (R2 = 0.9929) and the  1-variable equat ion 
had an e r r o r  mean square of 0.0002388. The e f f e c t  
of t reatment  was s i g n i f i c a n t .  

Live crown r a t i o  was not  s i g n i f i c a n t  i n  the  
equat ion inc luding  D ~ H  and t h r e e  crown va r i ab l e s  
s o  i t  was de l e t ed  from the  ana ly s i s  i n  the  second 
study. I n  the  reduced model, one containing D ~ H ,  
crown c l a s s ,  and average crown width,  a l l  t h r e e  
independent va r i ab l e s  were highly s i g n i f i c a n t  . 
The p r ed i c t i on  equat ion had an R2 of 0.9937 and an 
e r r o r  mean square  of 0.00021456, not  much 
d i f f e r e n t  from those  of t he  equat ion t h a t  used 
D ~ H  alone.  The e f f e c t  of th inn ing  treatment  was 
s i g n i f i c a n t  when t e s t e d  i n  an equat ion t h a t  included 
crown c l a s s  and average crown width a s  independent 
va r i ab l e s  (Table 3). 

Third Studv 

The combined va r i ab l e  alone accounted f o r  99 
percent  of t h e  v a r i a t i o n  i n  t r e e  stem volume i n  the  
t h i r d  s tudy.  E r ro r  mean square was 0.00024619. 
The i n t e r a c t i o n  between D ~ H  and treatment  was no t  
s i g n i f i c a n t ,  i nd i ca t i ng  the  s l ope  of t he  regress ion  
of stem volume on D ~ H  was s i m i l a r  i n  a l l  t rea tments .  
The e f f e c t  of t reatment  was small  bu t  h igh ly  s i gn i -  
f i c a n t  s o  the  regress ion  had d i f f e r e n t  i n t e r c e p t s  
among the  t reatments  . 

When a l l  t h r e e  crown va r i ab l e s  were t e s t e d  w i th  
D ~ H ,  l i v e  crown r a t i o  was m t s i g n i f i c a n t .  The 
equat ion f o r  t h e  reduced model had an R~ of 0.9937, 
an e r r o r  mean square  of 0.00021549, and a l l  remaining 
independent va r i ab l e s  were s i g n i f i c a n t  (Table 4) .  
&en th inn ing  treatment  was added t o  the  reduced 
model, t reatment  was s i g n i f i c a n t  i n  the  presence 
of t he  two remaining crown va r i ab l e s ,  bu t  crown 
width was no t  s i g n i f i c a n t  a f t e r  th inn ing  t r e a t m n t  
was included (Table 5) .  



Table 1.--Analysis of  variance of stem volume i n  s tudy  number one 
-- 

SOURCE DF SUM OF SQUARES SQUARE F VALUE 

MODEL 

ERROR 

CORRECTED TOTAL 4 81 17.60687674 0.0001 

R-SQUARE C.V. STD DEV VOL MEAN 

0.990132 0.0574 0.01908520 33.22921162 

SOURCE DF TYPE I SS F VALUE PR > F 

D ~ H  1 17.41057824 47799.11 0,0001 

TMT 3 0.02255373 20.64 0.0001 

SOURCE DF TYPE I V  SS F VALUE PR > F 

D ~ H  1 13.29087946 36488.86 0.0001 

TMT 3 0.02255373 20.64 0.0001 

Table 2. --Analysis of var iance  of stem volume wi th  crown c h a r a c t e r i s t i c s  i n  
s tudy  number one 

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE 

MODEL 9 17.45149797 1.93905533 5890.34 

ERROR 4 72 0.15537877 0.00032919 PR > F 

CORRECTED TOTAL 481 17.60687674 0.0001 

SOURCE DF TYPE I V  SS F VALUE PR > F 

D ~ H  

LCR 

CC 

ACW 

m 



Table 3.--Analysis of variance of stem volume i n  study number twc 

SOURCE DF SUM O F  SQUARES SQUARE FVALUE 

MODEL 11 12.19290336 1.108445 76 5313.77 

ERROR 35 3 0.07363532 0.00020860 P R  > F 

CORRECmD TOTAL 36 4 12.26653868 0.0001 

SOURCE DF TYPE I V  S S  F VALUE P R  > F 

D ~ H  

CC 

ACW 

TMT 

Table 4.--Analysis of variance of stem volume. i n  study number three  

SOURCE DF SUM OF SQUARES MEAM SQUARE F VALUE 

MODEL 5 7.56733736 1.51346747 7023.29 

ERROR 223 0.04805486 0.00021549 P R  > F 

CORRECTED TOTAL 228 7.61539222 0.0001 

SOURCE DF TYPE I V  S S  F VALUE P R  > F 

D ~ H  

C C 

ACW 



Table 5.--Analysis of variance czf stent volume with crown character is t ics  
and t r e a t m n t  i n  study number three 

SOflRCE DF SUM O F  SQUaaES MEAN SQUARE F VATSUE 

m D E L  11 7.57111275 0.68828298 3373.06 

E W R  217 0.04427947 0.00020405 PR > F 

CORRECTEL) TOTAL 228 7.61539222 0.0001 
--  - 

SOURCE DF TYPE I V  S S  F VALUE PR > F 



Equations using $W a s  t he  only independent 
va r i ab l e  have and w i l l  serve  adequately i n  some 
fo re s t ry  appl ica t ions .  A simple function tha t  
can be e a s i l y  solved on a hand-held ca l cu l a to r  o r  
expressed i n  a 1-page t a b l e  is preferred.  The 
combined va r i ab l e  serves  admirably i n  those s i t ua -  
t ions .  It accounted f o r  about 99 percent  of t h e  
v a r i a t i o n  i n  t r e e  stem vol  i n  each of t h e  t h ree  
s t u d i e s  and has been equal  e f f e c t i v e  elsewhere 
(Spurr 1952). But f o r  some purposes, such 
growth and y i e l d  s tud i e s ,  using a simple vo 
equation i n  a l l  t r e a t m n t s  may mask o r  h ide  
d i  f fe rences  i n  volume the  s t u d i e s  were intended 
t o  de t ec t  and measure. 

The th ree  crown c h a r a c t e r i s t i c s  t e s t e d  here  
gave inadequate o r ,  a t  l e a s t ,  i ncons i s t en t  r e s u l t s .  
S ign i f i can t  d i f ferences  i n  stem volume among t r ea t -  
ments remained a f t e r  a l l  o the r  s i g n i f i c a n t  i n -  
dependent var iables  were included i n  the  volume 
function.  The same var iables  were not  s i g n i f i c a n t  
i n  any of t he  s tudies .  

Stem form is influenced by the  same f ac to r s  
o r  condit ions t h a t  determine the  s i z e  and d i s t r i -  
but ion  of t he  crown. I n  unthinned s tands ,  dens i ty ,  
age, and crown c l a s s  a r e  important. As a s tand  
c loses  t he  lower brances d i e ,  l i v e  crown r a t i o  
decreases,  and the re  is usual ly  a decrease i n  
taper  of t he  main stem. Thus, t he re  may be a 
good co r r e l a t i on  between l i v e  crown r a t i o  and 
s t e m  taper  i n  unthinned s tands  e s t ab l i shed  a t  
uniform spacing and density.  

The r e l a t i onsh ip  between crown dimensions 
and stem form is more complicated i n  f requent ly  
thinned s tands  than unthinned stands.  Heavy 
thinning has  an almost i d i a t e  e f f e c t  on the 
amount and d i s t r i b u t i o n  new wood formed on a 
t r e e  s t e m  (Larson 1963). The r e s u l t  is more 
taper  brought about by increased diameter growth 
i n  the  basa l  por t ion  of t h e  t r ee .  Crown expan- 
s i o n  begins a f t e r  thinning and proceeds u n t i l  
competition r e s t r i c t s  f u r t h e r  developmnt. The 
response of  stem form t o  increased c r m  s i z e  
l a g s  behind the  i m e d i a t e  e f f e c t  of thinning. 
A s e r i e s  of  thinnings nay r e s u l t  i n  a per iodic  
cycle i n  crown expansion and changes i n  stem taper ,  
It is not  su rp r i s ing  t h a t  t he  r e l a t i onsh ips  
between crown d iwns ions  and stem volume var ied  
among the  three  s tands  wi th  d i f f e r e n t  i n i t i a l  
dens i t i e s ,  site indices ,  ages, and number of 
thinnings , I n  long- term 
de t e d n i n g  t r e e  f o m  and 
masurements of t he  stem w i l l  be b e t t e r  than 
e s t i m t i n g  them from crown dimnsions .  

CON CLUS IONS 

is t h e  only independent va r i ab l e  required f o r  m n y  
appl ica t ions .  Crown d i a n s i o n s  accounted f o r  same 
of the  remaining va r i a t i on ,  I n  longterm thinning 
s tud ie s ,  measuring stem form and vol  
w i l l  be b e t t e r  than e s t i m t i n g  them from cram 
dimens ions,  

Relat ionships of s t e m  volume t o  t he  combined 
va r i ab l e  GH, and crown d imns ions  were deter-  
mined i n  each of t h r ee  s tudies .  Tke s tands  i n  
Louisiana, Texas, and H s s i s s i p p i ,  ranged from 
35 t o  45 years o ld  and had been thinned f o r  15 
t o  25 years. 

The combined va r i ab l e  alone explained about 
99 percent  of t he  v a r i a t i o n  i n  s t e m  vol  
but not  dl, of t he  v a r i a t i o n  t h a t  was r e l a t e d  t o  
thinning treatments could be accounted f o r  by in- 
cluding crown dimensions a s  independent var iables .  
The same crown va r i ab l e s  were not  s i g n i f i c a n t  
i n  any of t he  s tudies .  It was concluded t h a t  i n  
long- term experiments stem form and volume should 
be measured d i r e c t l y  r a the r  than estimated from 
crown dimens ions. 
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A REGRESSS ION-ADJUSTED APPROACH CAN ESTIMATE COMPETING BIOMAS&/ 

James H. M i l t e r L I  

Abst ract . - -A method i s  presented f o r  es t imat ing  above- 
ground herbaceous and woody biomass on compet i t i on  research 
p l o t s ,  On a  s e t  o f  des t ruc t i ve ly -samp led  p l o t s ,  an ocu la r  
es t imate  o f  biomass b y  vege ta t i ve  component i s  f i r s t  made, 
a f t e r  which vege ta t ion  i s  c l i pped ,  d r ied ,  and weighed. 
L i n e a r  regress ions  are then c a l c u l a t e d  f o r  each component 
between est imated and ac tua l  weights and are used t o  a d j u s t  
o c u l a r  est imates o f  biomass on permanent o r  temporary 
p l o t s .  I n  t r i a l s ,  ~ 2 ' s  ranged f rom 0.57 t o  1.00. T r a i n i n g  
h i n t s  and c a l c u l a t i o n  procedures are ou t  1 ined. 

INTRODUCTION 

How i s  compet i t i on  between a  southern p i n e  
s e e d l i n g  and surrounding woody o r  herbaceous 
vege ta t ion  measured? Th is  i s  a  r e l a t i v e l y  new 
quest ion.  Fores t  Research has n o t  y e t  explored 
f u l l y  r e l a t i o n s  between compet i t i on  q u a n t i f i e r s  
and growth responses o r  o ther  p h y s i o l o g i c a l  
s t a t e  va r iab les ,  To be e f f e c t i v e ,  a  compet i t i on  
index must i n d i c a t e  t h e  degree o f  compet i t i on  
f o r  s u n l i g h t ,  growing space, s o i l  mo is tu re  o r  
n u t r i e n t s .  This  paper examines a  regress i o n  
approach devised t o  f a c i l i t a t e  q u a n t i f y i n g  
above-ground woody and herbaceous biomass i n  
c o m p e t i t i o n  research. This method can be used 
w i t h o u t  d e s t r u c t i v e  sampling t o  es t imate  biomass 
on permanent sma l l -p lo ts ,  where p ines are being 
es tab l i shed .  

Both woody and herbaceous compet i tors  
reduce growth o f  southern pines. Stewart (1981) 
summarized compet i t i on  c o n t r o l  s t u d i e s  f o r  
f o r e s t r y  i n  t h e  Un i ted  S ta tes  and has c a l c u l a t e d  
an average increase o f  65 percent  i n  c o n i f e r  
volume f o l l o w i n g  hardwood and shrub c o n t r o l ,  
However, most pas t  s t u d i e s  have n o t  r e l a t e d  t h e  
observed growth responses t o  measured changes i n  
competing vegetat ion.  Thus, ve ry  few r e l a -  
t i o n s h i p s  between l e v e l s  o f  woody compet i tors  

-!!paper presented a t  t h e  Second B i e n n i a l  
Southern S i l v i c u l t u r a l  Research Conference. 

L l ~ e s e a r c h  Fores te r ,  Southern Fores t  
Experiment S t a t i o n ,  Fores t  Serv ice  -- USDA, 
Deva l l  St., Auburn U n i v e r s i t y ,  AL 36849. 

and growth of crop t r e e s  are documented. 
Although demonstrated f o r  o ther  f o r e s t  types, 
herbaceous compet i t i on  has o n l y  r e c e n t l y  been 
shown t o  decrease growth i n  newly-establ ished 
l o b l o l l y  p i n e  (Pinus taeda L.)  p l a n t a t i o n s  
(Nelson e t  a1 1 m K X e t  a l  1982; Haywood 
and ~ e l d z v 8 2 ) .  Knowe e t  a F ( l 9 8 2 )  r e p o r t e d  a  
% f o l d  inc rease  i n  2 - y e a r x a t r e e  volume w i t h  
complete vege ta t ion  c o n t r o l .  Nelson e t  a 1  
(1981) s t a t e d  t h a t  a d e f i n a b l e  r e l a t i o n s h ~ p  
e x i s t s  between p i n e  h e i g h t  growth and herbaceous 
biomass. Car ter  e t  fi (1982) Pound t h a t ,  o f  t h e  
q u a n t i f i e r s  t e s t e r  oven-dry weight  o f  competing 
biomass around 5-year-o ld  l o b l o l l y  pines had t h e  
g rea tes t  l i n e a r  c o r r e l a t i o n  ( r  = 0.70) w i t h  p l a n t  
mo is tu re  s t r e s s  d u r i n g  drought per iods.  

Compet i t ion i n d i c e s  s u c c e s s f u l l y  used i n  
o t h e r  reg ions  i n c l u d e  p l a n t  cover (01 i v e r  19801, 
weed t r e e  basal area (Benzie 19771, and shrub 
crown volume ( B e n t l e y  e t  a1 1971). Unfor- 
t u n a t e l y  t h e  i n d i c e s  chosen t o  date seem t o  be 
usefu l  o n l y  f o r  s p e c i f i c  types o f  vegetat ion.  A  
u n i f y i n g  measure i s  needed f o r  a l l  p l a n t  growth 
forms t o  permi t  development o f  more general 
response r e l a t i o n s h i p s ,  I suggest t h a t  biomass 
i s  one q u a n t i f y i n g  element t h a t  may have bo th  
general,  as w e l l  as, l o c a l  a p p l i c a t i o n s .  
Biomass est imates a re  c u r r e n t l y  be ing employed 
t o  assess herbaceous compet i t i on  on a  small  
s c a l e  i n  t h e  South ( N e i l  e t  a l  19821. 

The f a c t o r s  l i m i t i n g  widespread use o r  
t e s t i n g  o f  biomass as a  compet i t i on  index appear 
t o  r e l a t e  t o  t h e  c l ip-and-weigh method. The 
foremost problems are t h e  l a r g e  man-power 
resource  r e q u i r e d  i n  c l i p p i n g  numerous p l o t s  and 



t h e  need f o r  d e s t r u c t i v e  sampling when permanent 
p l o t s  are requ i red .  Thus, a  method i s  r e q u i r e d  
t h a t  min imizes p l o t  c l i p p i n g  and p rov ides  
biomass est imates on und is tu rbed  p l o t s ,  Develop- 
ment o f  t h i s  approach drew upon procedures f o r  
q u a n t i f y i n g  fo rage  biomass presented b y  Pechanec 
and P i c k f o r d  (1937) and Wilm e t  a1 (1944). 
Procedure m o d i f i c a t i o n s  s p e c i F e T b y  B l a i r  (1958) 
were evaluated and w i  11 be discussed. 
E s s e n t i a l l y ,  biomass i s  v i s u a l l y  est imated on a  
s e t  o f  p l o t s  and then measured b y  c l i p p i n g  and 
weighing. A l i n e a r  regress ion  i s  then ca lcu -  
l a t e d  between est imated and ac tua l  weights  and 
i s  used t o  a d j u s t  ocu la r  est imates made on per- 
manent p l o t s .  This approach was developed i n  
at tempts t o  ga in  a  s tanding-crop es t imate  o f  
compet i t i on  on a  Piedmont c u t t i n g - u n i t ,  h a l f  o f  
which had been sheared-windrowed and h a l f  
s i n g l e - r o l l e r  chopped ( M i l l e r  1980). 

THE BIOMASS ESTIMATION METHOD 

F i r s t - S t a g e  Sampl i n g  

The double sampling method was developed 
and t e s t e d  on a  124 ha management u n i t  o f  t h e  
Union Camp Corporat ion on t h e  r o l l i n g  topography 
t y p i c a l  o f  t h e  extreme southern Piedmont. The 
o p e r a t i o n a l  u n i t ,  d i v i d e d  i n  h a l f ,  was prepared 
w i t h  two d i f f e r e n t  s i t e  p repara t ion  methods 
p r i o r  t o  p l a n t i n g  w i t h  l o b l o l l y  p i n e  seedl ings.  
Reference p o i n t s  were es tab l i shed  every 20 m 
a long base l ines  loca ted  along r i d g e  tops w i t h i n  
each t reatment .  F i v e  p o i n t s  i n  each area were 
t h e n  randomly se lec ted  f o r  l o c a t i n g  sampling 
l i n e s .  Each year 20 temporary p l o t s  ( 2  x 2  m) 
were randomly loca ted  along sampling l i n e s ,  10 
per  t reatment  area. On these p l o t s  t h e  biomass 
was bo th  est imated and c l ipped .  F o r t y  permanent 
p l o t s  were a l s o  e s t a b l i s h e d  i n  each t reatment .  
Vegetat ion sampl i n g  was performed i n  August 
1978, 1979, and 1981, t h e  f i r s t ,  second, and 
f o u r t h  growing seasons a f t e r  t reatments.  

Above-ground biomass i s  est imated b y  
components. The components were mod i f ied  f rom 
B l a i r  and Brune t t  (1976) and are: ( 1 )  grasses 
and g rass - l i kes ,  ( 2 )  composites, ( 3 )  legumes, 
( 4 )  o ther  fo rbs ,  ( 5 )  v ines (non-preferred b y  
w i l d l i f e )  and ( 6 )  woody f l o r a  by  species. This  
separa t ion  permi ts  e s t i m a t i n g  compet i t i on  
amounts by  groups w i t h  d i f f e r i n g  c o n t r o l  and 
response c h a r a c t e r i s t i c s ,  as w e l l  as w i l d l i f e  
f o r a g e  amounts, However, c o n t r a r y  t o  fo rage  
surveys, t h e  t o t a l  s tanding-crop o f  woody vege- 
t a t i o n  i s  est imated, r a t h e r  than t h e  c u r r e n t  
y e a r ' s  growth. 

To min imize t h e  biomass es t imat ion  
var iance,  est imates should be made b y  one per-  
son. The t r a i n i n g  steps o u t l i n e d  b y  Pechanec 
and P i c k f o r d  (1937) are h e l p f u l  and should be 
fo l lowed.  The f i r s t  t r a i n i n g  invo lves  t h e  
c a l i b r a t i o n  o f  ocu la r  est imates. They suggest 
t h a t  f i e l d  t r i a l s  be undertaken p r i o r  t o  ac tua l  

sampling us ing  a  weighing balance. An 
appropr ia te  balance weighs a c c u r a t e l y  t o  2 
grams and i s  s u i t a b l y  rugged f o r  f i e l d  use. 
I n d i v i d u a l  stems o f  composites and woody seed- 
l i n g s f s p r o u t s  a re  est imated, c l i p p e d  and weighed 
f o r  p r a c t i c e .  Also, clumps o r  smal l  mats o f  
grass can be taken as u n i t s  b y  which an 
average-size clump o r  mat i s  est imated and 
weighed and the  process repeated u n t i l  a  c l o s e  
es t imate  i s  achieved. A reminder-card can be 
cons t ruc ted  showing approximate weights f o r  
he igh ts  o f  composites and woody stems, diameters 
o f  grass clumps, leng ths  o f  vines, and s i n g l e  
r o s e t t e s  o f  small  p l a n t s .  This ocu la r  c a l i b r a -  
t i o n  procedure, based on vege ta t ion  u n i t s ,  can 
be re-employed each morning dur ing  the  e a r l y  
f i e l d  season t o  lend  cons is tency  t o  est imates.  

I n  t h e  nex t  phase o f  t r a i n i n g ,  sample p l o t s  
shou ld  be examined and a  smal l  pocket c a l c u l a t o r  
used t o  sum t h e  est imates o f  t h e  i n d i v i d u a l  
u n i t s  counted and s ized  on t h e  p l o t .  A  key t o  
o c u l a r  est imates o f  s tanding-crop i s  t h a t  a l l  
i n d i v i d u a l  u n i t s  o r  p l a n t s  must be seen. Seeing 
each p a r t  o f  a  t r a i l i n g  v i n e  and each small  f o r b  
r o s e t t e  r e q u i r e s  a  thorough examination. This  
becomes more d i f f i c u l t  as t h e  amount and 
complex i t y  o f  t h e  vege ta t ion  increases y e a r l y  on 
permanent p l o t s  and i n f l u e n c e s  t h e  choice o f  p l o t  
s i ze .  

Biomass can be est imated as green o r  
oven dry-weights. D i f f i c u l t i e s  w i t h  changing 
mo is tu re  contents  dur ing  a  sampling season have 
been r e p o r t e d  b y  Hilmon (1958) and r e s u l t e d  i n  
c o s t l y  procedures s p e c i f y i n g  c o n t i n u a l  sampling 
o f  p l a n t  mo is tu re  and adjustments o f  green- 
weight est imates.  I n  t h e  c u r r e n t  study, green- 
weight o r  oven-dry weight equat ions cou ld  be 
f i t t e d  e q u a l l y  w e l l ,  as i n d i c a t e d  by  t h e  ~ 2 ' s  i n  
Table 1. Thus oven-dry weights  were est imated 
d i r e c t l y ,  concur ing w i t h  a  s i m i l a r  m o d i f i c a t i o n  
b y  B l a i r  (1958). Obviously, dry-mat ter  i s  t h e  
main substance v i s u a l i z e d  i n  these ocu la r  e s t i -  
mates w h i l e  t h e  day-to-day v a r i a t i o n  i n  mo is tu re  
con ten t  i s  n o t  r e a d i l y  perceived. This  recogn i -  
t i o n  suggests another t r a i n i n g  a id .  S p e c i f i -  
c a l l y ,  du r ing  t h e  e a r l y  f i e l d  season, the  
es t imato r  should check d a i l y  p l o t  est imates on 
c l i p p e d - p l o t s  b y  weighing t h e  c l i p p e d  samples i n  
t h e  evening and checking h i s  est imates on a  
green-weight bas is ,  making adjustments as i n d i -  
cated the  f o l l o w i n g  day. The c l c s e  c o r r e l a t i o n  
between green and oven-dry weights permi ts  these 
green-weight checks even though oven-dry based 
regress ions wi 11 be ca lcu la ted .  

T r a i n i n g  o f  t h e  c l i p p i n g  crew must i n c l u d e  
accurate d i f f e r e n t i a t i o n  o f  species i n t o  com- 
ponent groupings. Inconspicuous p l a n t s  o r  new 
species should be tagged o r  comun ica ted  i n  some 
manner t o  the  crew when the  es t imato r  i s  no t  
present  a t  c l i p p i n g .  Stubble h e i g h t s  o f  2.5 cm 
are u s u a l l y  s p e c i f i e d  and a l l  c l i p p e d  m a t e r i a l  
must be p laced i n  a p p r o p r i a t e l y  marked paper 
bags f o r  oven d ry ing .  



These s teps were performed i n  t h i s  s tudy.  
Bags w i t h  p l a n t  m a t e r i a l  were oven-dr ied a t  7506 
u n t i l  no f u r t h e r  we igh t - loss  occurred, a  
procedure r e q u i r i n g  up t o  a  week o f  d r y i n g  f o r  
woody stems g r e a t e r  than 3 cm i n  d iameter  and a  
minimum o f  24 h r  f o r  m o i s t  herbage. 

Developing t h e  Regressions 

The o c u l a r  est imates o f  biomass f rom t h e  
f i r s t  sampling s tage a r e  r e l a t e d  t o  t h e  measured 
biomass u s i n g  s tandard 1  i near r e g r e s s i o n  tech-  
n iques.  The X-values a re  "es t ima ted  we igh ts "  
and t h e  Y values, " a c t u a l  weights," These 
r e g r e s s i o n  equat ions a re  then used t o  c o r r e c t  
a l l  d a t a  f rom t h e  "est imated-onlyu p l o t s .  
L i n e a r  reg ress ions  through t h e  o r i g i n  as spe- 
c i f i e d  b y  Mi lm -- e t  a1 (1944) can be used. The 
i n t e r c e p t  a t  t h e  o r i g i n  i s  a  l o g i c a l  assumption, 
d i s c o u n t i n g  mis takes such as miscommunications 
between es t ima to r  and c l i p p i n g  crew. 

The va r ious  aspects o f  f i t t i n g  a  s t r a i g h t  
l i n e  through the  o r i g i n  are covered most com- 
p l e t e l y ,  b u t  s t i l l  b r i e f l y ,  b y  Snedecor and 
Cochran 11967) on pages 166 t o  171. A  t e s t  of 
t h e  nu11 hypothes is  t h a t  t h e  r e g r e s s i o n  l i n e s  
do, i n  Fact,  go through t h e  o r i g i n  can be per -  
formed. Th is  t e s t  was perfomed on f i r s t - y e a r ' s  
da ta  f rom t h e  Piedmont s tudy.  T-values a re  pre-  
sented i n  Table 1. The n o n - s i g n i f i c a n t  (n.s.1 
t - v a l  ues a t  t h e  5  pe rcen t  l e v e l  o f  probabi  1  i t y  
show t h e  nu17 hypothes is  should n o t  be r e j e c t e d ,  
and t h e  reg ress ion  l i n e s  g e n e r a l l y  go through 
t h e  o r i g i n ,  bo th  t h e  es t ima ted  -vs- green weight 
reg ress ions  and t h e  es t ima ted  vs oven-dry 
weights .  

The l i n e a r  reg ress ions  through zero i n  t h i s  
s t u d y  were c a l c u l a t e d  us ing  t h e  comon l e a s t -  
squares method o f  c a l c u l a t i n g  an unbiased 
r e g r e s s i o n  c o e f f i c i e n t  by b = Z XY/C$. Th is  
assumes t h a t  t h e  va r iance  o f  Y i s  cons tan t  as X 
increases,  which has been imposs ib le  t o  t e s t  so 
f a r .  Th is  i s  e s p e c i a l l y  d i f f i c u l t  s i n c e  t h e  
X 's  are es t ima ted  and have t h e  most var iance,  
n o t  t h e  Y's, r e v e r s i n g  t h e  genera l  case g iven  i n  
most s t a t i s t i c  textbooks.  F i g u r e  1 shows t h e  
p o i n t - s c a t t e r  f o r  t h e  fou r th -year  sampling and 
these da ta  g i v e  l i t t l e  i n d i c a t i o n  t h a t  the  
va r iance  i n  Y increases g r e a t l y  w i t h  an i n c r e a s i n g  
X. B l a i r  (1958) r e p o r t e d  t h a t  t h e  va r iance  o f  
Y does inc rease  with-an- i n c r e a s i n g  X when sampling 
browse and used b  = Y/X t o  es t ima te  the  r e g r e s s i o n  
c o e f f i c i e n t .  A  s c a t t e r  p l o t  o f  d a t a  p o i n t s  
should be cons t ruc ted  t o  determine which method 
i s  bes t  s u i t e d  f o r  a  study. I f  t h e  va r iance  
o f  Y increases as X increases,  then b  = Y / X  should 
should p r o v i d e  t h e  bes t  unbiased es t ima te  o f  b. 

Second-stage Sampling 

I n  t h e  second s tage of sampling, biomass i s  
o c u l a r l y  est imated on t h e  permanent p l o t s  i n  a  
manner i d e n t i c a l  t o  t h a t  used on t h e  ' c l i p p e d "  
p l o t s .  An a i d  t o  e s t i m a t i n g  e x c e p t i o n a l l y  l a r g e  
woody p l a n t s  i s  t o  c l i p  a  nearby equal -s ized 
p l a n t  away f rom t h e  p l o t  and weigh i t. D i s t u r -  
bance d u r i n g  examinat ions must be min imized on 
permanent p l o t s .  P l o t  dimensions must a l l o w  t h e  
es t ima to r  t o  s tand  on t h e  o u t s i d e  and p a r t i n g  
vege ta t ion  w i t h  a  s t i c k ,  see a11 i n d i v i d u a l  
p l a n t s .  Thus, t h e  2 m square used i n  the  

Table 1. Comparison between f i r s t - y e a r  reg ress ions  us ing  es t ima ted  weight vs ac tua l  green 
we igh t  o r  oven-dry weight  showing t h e  c o e f f i c i e n t s  o f  de te rm ina t ion  and t h e  t - s t a t i s t i c s  
t e s t i n g  t h e  Ho t h a t  t h e  r e g r e s s i o n  goes through t h e  o r i g i n .  

Component 
Est imated Weight vs 

Actua l  Green W t  
~2 t 

Est imated Weight vs 
Actua l  O.D. W t  

~2 t 

Grasses & Grass-1 i k e s  
Compos i t e s  
Legumes 
Other  f o r b s  
Vines 
Trees & shrubs: 

Ouercus m a r i l a n d i c a  
Liquidambar s t y r a c i f  l u a  
Rubus SOD. 
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Figure 1. Data points and calculated regressions through the origins. 
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Piedmont example approximates the  maximum dimen- 
s i o n  and l a r g e r  p l o t s  would need t o  be rec -  
tangu la r .  P l o t s  o f  equal s i z e  must be used i n  
t h e  f i r s t -  and second-stage sampling. 

The ocu la r  est imates o f  biomass on per- 
manent p l o t s  a re  ad jus ted  b y  m u l t i p l i n g  by t h e  
a p p r o p r i a t e  regress ion  equat ions f o r  each vege- 
t a t i o n  component and then summed. 

PIEDMONT EXAMPLE 

Regression c o e f f i c i e n t s  c a l c u l a t e d  i n  the  
Piedmont s tudy  us ieg  b  = Z X Y / C X  a r e  presented 
i n  Table 2. The R ' s  presented i n  Table 2 were 
computed i n  the  normal manner us ing  t h e  l e a s t -  
squares regress ion  c a l c u l a t e d  be fo re  f o r c i n g  
th rough  t h e  o r i g i n .  Most values are c lose  t o  
1.00, i n d i c a t i n g  t h a t  a  l i n e a r  regress ion  
e x p l a i n s  most o f  t h e  v a r i a t i o n  i n  Y. Woody spe- 
c i e s  were grouped by  s i m i l a r  l i f e - f o r m  (growth 
h a b i t )  w i t h  13 d i f f e r e n t  regress ions  ca lcu la ted .  
T h i s  many groups may n o t  be necessary unless t h e  
d i f f e r e n c e s  i n  regress ion  c o e f f i c i e n t s  suggest 
t h a t  ac tua l  e s t i m a t i o n  p e c u l i a r i t i e s  e x i s t  w i t h  
each group. For example, B l a i r  (1958) found i t  
b e n e f i c i a l  t o  group browse species b y  s i m i l a r  
mo is tu re  contents .  

2 An inspec t ion  of t h e  R I s  a l s o  i n d i c a t e s  
groups t h a t  were d i f f i c u l t  t o  es t imate  and those 
which became more d i f f i 2 u l t  as the  vege ta t ion  
developed. The lower R  I s  o f  t h e  grasses and 
g r a s s - l i k e s  c e r t a i n l y  r e f l e c t  t h e  d i f f i c u l t y  
w i t h  e s t i m a t i n g  t h i s  group which has numerous 
species and var ious 1  i fe - fo rms ,  e.g., carpets, 
clumps, and presence o r  absence o f  seed stocks. 
Es t imat ion  o f  composites i n  t h e  f o u r t h  year was 
h indered b y  ex tens ive  woody vege ta t ion  on p l o t s .  
Vines became i n c r e a s i n g l y  d i f f i c u l t  t o  est imate 
due t o  masking as vege ta t ion  developed and t o  
t h e  inc reas ing  woody and more dense na tu re  o f  
V i t i s  spp., t h e  main genus. 

Pred ic ted  biomass est imates and ac tua l  
biomass values are shown p l o t t e d  i n  F i g u r e  2  
f o r  t h e  t h r e e  sampling years. This  i n d i c a t e s  
t h e  e s t i m a t i n g  c a p a b i l i t i e s  f o r  t h i s  method. 
The dashed l i n e s  i n d i c a t i n g  ? 20 percent  o f  t h e  
a c t u a l  biomass, shows 28, 20, and 20 percent  of 
t h e  f i r s t ,  second, and f o u r t h  year est imates, 
r e s p e c t i v e l y ,  exceed these l i m i t s .  Thus, t h e  
l i m i t a t i o n s  o f  t h i s  method are apparent f rom 
t h i s  example. More o f  an index o f  compet i t i on  
amounts i s  gained, n o t  t h e  p r e c i s e  q u a n t i t i e s .  
But  s t i l l ,  t h e  t ime r e q u i r e d  f o r  es t imat ing  a  
p l o t  compared t o  c l i p p i n g  a  p l o t  i s  5 t o  15 per-  
cent .  S ix  t o  t e n  p l o t s  can be est imated w h i l e  
one i s  be ing c l ipped .  F i g u r e  2  shows t h a t  even 
though t h e  biomass was inc reas ing ,  t h e  a b i l i t y  
t o  es t imate  apparen t l y  improved f rom t h e  f i r s t  
t o  the  f o u r t h  year. 

0 2 4 6 8 1 0  
EST1 MATED BIOMASS (G/~M*)  

F igure  2. Est imated biomass p l o t t e d  w i t h  t h e  
ac tua l  biomass. Dashed l i n e s  show 2 20 
percent .  C i r c l e d  p o i n t s  i n d i c a t e  t h e  f i r s t  
two p l o t s  est imated each f i e l d  season. 



Table 2. Regression c o e f f i c i e n t s  and c o e f f i c i e n t s  o f  de te rmina t ion  b y  component group and year. 

1 s t  Year 2nd Year 4 t h  Year 

Component b R~ b R2 b R2 

1. Grasses and g r a s s - l i k e s  -49 .64 .71 .81 '69 .57 
2. Composites .45 .82 .45 .84 .47 -64 
3. Legumes .36 .94 .52 .94 -44 .94 
4. Other f o r b s  .48 .88 -45 -89 .48 .98 
5. Vines .61 .96 .77 .87 .63 .59 
6. Rhus radicans, Smilax spp. .56 .84 .41 .92 .57 .91 
7. Rubus spp., Rosa spp. .61 1.00 1.12 '98 .41 .59 

P t e r i d T Z i  a q ~ n ~  
8. Vaccinium Spp-urnurn x. .63 .90 .51 .99 .84 .91 
9. C a l y c a n t h u g l o r i d a  .52 1.00 .53 .96 .69 .99 

Cal 1 i c a r p a  a-a, 
Ceanothus americanus 
Hypericum spp. 

10. R hus ga l  bra,&. c o p a l i  i na 
m i a  spinosa, Hydrangea z. 
S a m b u c u s e a n  i s  

11. Quercus spp. 
12. Carya spp. 
13. L i q u i m a r  s t y r a c i f  l u a  

L i r i o d e n d r o n  t u l i p i f e r a  
14. -ica, Os t rya  v i r g i n i a n a  

Diospyros v i r g i n i a n a  
15. Prunus sero t ina ,  Morus a l b a  

Sassa f ras  a1 b i d u m 7 -  
C e l t i s  occ-is 
m d r o n  arboreum 
Crataegus u n i f l o r a ,  
T i l i a  americana 

16. G s  f l o r i d a  .54 1.00 .98 .97 .71 1.00 
17. A c e r u b r u m  .76 '86 .63 .98 .68 .89 
18. -- Pinus-, Juniperus v i r g i n i a n a  .57 '95 .77 .99 .54 .91 



Table 3. The percent o f  the  pred ic ted  observations t h a t  were w i t h i n  plus-or-minus 10, 20, and 
50 percent o f  t he  actual  biomass f o r  the  1978 and 1981 p lo t s .  

Component 
1 s t  Year 4 th  Year 

10% 20% 50% 10% 20% 50% 

Grasses 
C ompos i t es 
L egumes 
Other fo rbs  
Vines 
Rubus sop. 
L iquida'ibar 

S t w a c i f  l u a  

An i n d i c a t i o n  o f  t he  a b i l i t y  t o  est imate 
t he  d i f f e r e n t  vegetat ion components i s  given i n  
Table 3. Components can be estimated most con- 
s i s t e n t l y  on l y  t o  plus-or-minus 50 percent o f  
t h e  actual  biomass, However, most o f  the  values 
exceeding plus-or-minus 50 percent are f o r  
smal ler  biomass quant i t ies .  The l a rge r  quan- 
t i t i e s  are c loser t o  the  actual. The summing 
process t o  ob ta in  p l o t  t o t a l s  appears t o  average 
t h e  over and under estimates o f  components t o  
y i e l d  estimates c loser  t o  the  actual  (Fig. 2). 

An a l t e rna te  approach was examined using 
t h e  fourth-year data, Instead o f  ad jus t ing  
i n d i v i d u a l l y  the  components on p lo ts ,  t he  ad- 
jus ted  p l o t  estimates were regressed against the 
ac tua l  biomass values. Then the  p l o t  est imates 
were adjusted using t h i s  regression. This was 
performed t o  see whether a s i m p l i f i e d  method 
using on l y  one biomass estimate ( a  sum o f  unad- 
jus ted  components) per p l o t  would have e s t i -  
mat ing value, Thus, a confidence i n t e r v a l  was 
ca lcu la ted  (Neter and Wasserman 1974) f o r  a new 
observat ion (an estimated-only p l o t )  us ing both 
t h e  component-adjusted and the  to ta l -ad jus ted  
approaches. For a new p l o t  w i t h  1000 g biomass, 
t h e  component-adjusted method gave a 20 percent 
confidence i n t e r v a l  o f  & 674 g and the t o t a l -  
adjusted gave + 912 g. For t h i s  data set, t he  
component-adjusted method, as ou t l i ned  i n  t h i s  
paper, gave an estimate w i t h  a smal ler  con- 
f idence i n t e r v a l .  Adjust ing the estimates by 
component added t o  the es t imat ing  process. 

With t h i s  method an estimate o f  t he  woody 
and herbaceous biomass surrounding a p ine  seed- 
1 i n g  on a permanent p l o t  can be obtained. Most 
o f  t he  es t imator 's  b ias i s  con t ro l l ed  by the  
regression process; however, both care and con- 
s i s tency  are requ i red  i n  making the  ocular  
estimates. And o f t en  these estimates must be 
made i n  d i f f i c u l t  and t r y i n g  f i e l d  s i t ua t i ons .  
Experience w i t h  t h i s  approach can enhance con- 
s i s tency  and y i e l d  estimates t h a t  are r e l i a b l e  
w i t h i n  de f inab le  bounds. 

LITERATURE CITED 

Bentley, J. R., S ,  B. Carpenter, and 0. A. 
Blakeman. 

1971. Ea r l y  brush con t ro l  promotes growth o f  
ponderosa p ine  on bul ldozed s i tes .  USDA For. 
Serv. Res. Note PSW-238, 5 p. Pac Southwest 
For. and Range Exp, Stn., Berkeley, CA. 

Benzie, John W. 
1977. Manager's handbook f o r  r ed  p ine  i n  t he  

no r th  cen t ra l  s tates.  USDA For. Serv. Gen. 
Tech. Rep. NC-33, 22 p. Worth Cent. For. 
Exp. Sta., St. Paul, MW. 

B l a i r ,  Robert M. 
1958. Weight techniques f o r  sampling browse 

on deer ranges. In:  Proc. Techniques and 
Methods o f  measurxg Understory Vegetation, 
T i f t on ,  GA, p. 26-31. 

B l a i r ,  Robert M., and Louis R. Brunett 
1976. Phytosocio logical  changes a f t e r  t imber 

harvest  i n  a southern p ine  ecosystem, 
Ecology 57: 18-32. 

Carter, Gregory A*, James H, M i l l e r ,  Donald E, 
Davis, and Richard M. Patterson, 

1982. E f f e c t  o f  vegetat ive compet i t ion on t he  
moisture and n u t r i e n t  s ta tue  o f  l o b l o l l y  
p ine  (Pinus taeda 1.) (abs.). B u l l e t i n -  
E c o l o g ~ S o c .  o f  Am. 63: 103. 

Haywood, James D., and Thomas M. Melder 
1982. How s i t e  treatments a f f e c t  p ine  and 

competing p lan t  cover. fn: Proc. So. Weed 
Sci . SOC . 35: 224-230. 

Hilmon, 3. 8. 
1958. Determination o f  herbage weight by  

doubling-sampling: weight estimate and 
actual  weight. In:  Proc. Techniques and 
Met hods o f  measuEng Understory Vegetal ion, 
T i f ton,  GA, p, 20-25. 



Knowe, Steven A., t a r r y  R. Nelson, and Dean M, 
G jerstad.  

1982. Third year growGh response of loblol ly  
pine t o  herbaceous weed control (abs.) 2: 
Proc. So. Weed Sci.  Soc, 35:159. 

Miller ,  James H. 
1980. Competition a f t e r  windrowing or single- 

r o l l e r  chopping fo r  s i t e  preparation in the 
southern Piedmont, fn: Proc. So. Weed Sci ,  
SOC. 33: 139-145. 

Neil, Richard H , ,  Glenn R, Glover and Thomas E. 
Campbell. 

1982, Standardization of f o r e s t r y  herbicide 
research techniques i n  the South. -In-: Proc, 
So. Weed Sci. Soc. 35:143-755. 

Nelson, Larry R. ,  Richard C. Pedersen, Lanny L. 
Autry, Stuar t  Dudley, and John 5. Walstad. 

1981 . Impacts of herbaceous weeds in young 
lob lo l ly  pine plantations.  South. Jour. of 
Appl, For. 5: 153-158, 

Meter, John and William Wasserman, 
1974. Applied t inear  s t a t i s t i c a l  models, 

Richard W, Irwin, Inc, Homewood, I t .  842 p. 

Oliver, W. W e  
1980, Early response of ponderosa pine t o  

spacing and brush: observations in a 
12-year-old plantation.  USDA For. Serv. 
Res , Note PSW-341, 7 p. Pac. Southwest For. 
and Range Exp. Stn., Berkeley, CA. 

Pechanec, Joseph F. and G. D. Pickford 
1937. A weight est imate method fo r  the deter-  

mination of range of pasture production. 
J .  Am. Soc. Agron. 29: 894-904. 

Snedecor, George W ,  and William 6.  Cochran. 
1967. S t a t i s t i c a l  methods. Iowa S ta t e  Univ. 

Press,  Ames , Iowa, 593 p. 

Wilm, H. G , ,  David F. Costello, and G. E. Klipple. 
1944. Estimating forage yield by the double- 

sampling method. J. Am. So. Agron. 36: 
1 94-203. 



A CONTINUOUS FmCTION DESIW FOR 

FERTILIZER RATE TRIALS I N  YOUNG PINE PwTATIONSI/ 

Eugene Shoulders and Allan E. Tiarksi l l  

a b s t r a c t .  --A continuous v a r i a b l e  design is descr ibed  
whereby n i t r o g e n  is a p p l i e d  i n  i n c r e a s i n g  amounts t o  2 m 
square  c e l l s  i n  one d i r e c t i o n  and phosphorus is a p p l i e d  
i n  l i k e  manner a t  r i g h t  angles .  This  design made p o s s i b l e  
the  t e s t i n g  of 121  combinations o f  n i t r o g e n  and phophorus 
r a t e s  on a 30 x 30 m a r e a .  The experimental  design h a s  
p o t e n t i a l  f o r  o b t a i n i n g  f i r s t  approximations of f e r t i l i z e r  
requirements  cheaply and quickly.  Four months a f t e r  f e r -  
t i l i z a t i o n ,  maximum h e i g h t  growth occurred on l o b l o l l y  p i n e  
s e e d l i n g s  r e c e i v i n g  21 kg/ha of n i t r o g e n  and 211 kg/ha 
of phosphorus. 

INTRODUCTION 

Large a r e a s  o f  uniform s o i l  a r e  requ i red  f o r  
conventional  f i e l d  p l o t  experiments t o  e s t a b l i s h  
t h e  b e s t  r a t e s  of f e r t i l i z a t i o n  f o r  p i n e  
p l a n t a t i o n s .  Treatment p l o t s  must be i s o l a t e d  by 
b u f f e r  zones t h a t  a r e  wide enough t o  p revent  r o o t s  
of measurement t r e e s  i n  one t reatment  from drawing 
n u t r i e n t s  from another  t rea tment  o r  from u n t r e a t e d  
a r e a s  a d j a c e n t  t o  t h e  p l o t .  Inadequate i s o l a t i o n  
may l e a d  t o  erroneous o r  inconc lus ive  r e s u l t s .  
I t  i s  common i n  these  experiments  f o r  b u f f e r  
a r e a s  t o  occupy t h r e e  o r  more times t h e  a r e a  
a s  t h e  measurement p l o t s .  Another problem is 
t h a t  a r e a s  of uniform s o i l  o f  s u f f i c i e n t  s i z e  t o  
s s t a b l x s h  such t r i a l s  a r e  d i f f i c u l t  t o  f i n d .  

An a l t e r n a t i v e  t o  conventional  f i e l d - p l o t  
procedures t o  develop response curves o r  s u r f a c e s  
is t h e  continuous v a r i a b l e  design (Fox 1973) i n  
which i n d i v i d u a i  p l a n t s  i n  a row r e c e i v e  i n c r e a s i n g  
amounts of t h e  n u t r i e n t  under s tudy.  Levels  and 
combinations of two n u t r i e n t s  may be t e s t e d  by 
i n c r e a s i n g  r a t e s  of a p p l i c a t i o n  of t h e  second 
n u t r i e n t  a t  r i g h t  ang les  t o  l e v e l s  of t h e  f i r s t .  
Thus, n i t r o g e n  a p p l i c a t i o n  might i n c r e a s e  
incrementa l ly  from e a s t  t o  west and phosphorus 
from n o r t h  t o  south.  A l l  con$inat ions of many 
l e v e l s  of each n u t r i e n t  could be app l ied  t o  a 

I/ Paper p resen ted  a t  Second Biennia l  Southern 
~ i l v i ~ u l t u r a l  Research Conference, A t l a n t a ,  Georgia, 
November 4-5, 1982. 

21 P r i n c i p a l  S i l v i c u l t u r i s t  and S o i l  Scien- - 
t ist ,  r e s p e c t i v e l y ,  Southern Fores t  Experiment 
S t a t i o n ,  USDA-Forest Serv ice ,  P i n e v i l l e ,  LA. 

r e l a t i v e l y  smal l  a r e a  of uniform s o i l .  This is an 
economical way of  sc reen ing  f e r t i l i z e r  r a t e s  f o r  
an a r r a y  of  s o i l s .  No i s o l a t i o n  between t rea tments  
i s  provided i n  t h e  continuous v a r i a b l e  design,  
s i n c e  i t  i s  assumed t h a t  a p l a n t  i n  the  middle 
of t h e  t rea tment  c e l l  w i l l  extend i t s  r o o t s  
e q u a l l y  i n t o  a d j a c e n t  c e l l s  and respond a s  though 
t h e  e n t i r e  roo t  system had rece ived  one r a t e  
of f e r t i l i z e r .  

I n  1981, the  Timber Management Research Work 
Unit a t  Alexandria ,  LA, i n i t i a t e d  a s tudy t o  
test t h i s  technique on two s i t e s  i n  c e n t r a l  
Louisiana.  This paper  descr ibes  t h e  design of 
t h e s e  t r i a l s  and r e p o r t s  p re l iminary  r e s u l t s  f o r  
one of t h e  s i t e s .  

DESIGN OF EXPERIMENT 

Since p ines  a r e  a p e r e n n i a l  crop and response 
of pine p l a n t a t i o n s  t o  f e r t i l i z e r  extends beyond 
t h e  f i r s t  year, t h e  b a s i c  technique was modif ied 
t o  achieve t h e  fol lowing ob j e c t  i v e s  : (1) t o  
occupy t h e  s i t e  wi th  t r e e s  a s  e a r l y  a s  p o s s i b l e  
i n  t h e  experiment; (2 )  t o  measure abovegromd 
biomass response t o  f e r t i l i z e r  l e v e l s  dur ing  t h e  
course of t h e  s tudy;  and (3) t o  provide f i n a l  
crop t r e e s  wi th  ample growing space t o  reach a dbh 
of about 1 3  cm (5 inches)  without  undue 
competi t ion from t h e i r  neighbors ,  Another impor- 
t a n t  cons idera t ion  i n  modifying t h e  technique was 
t h a t  response t o  small a d d i t i o n a l  increments  o f  
f e r t i l i z e r  is  a p t  t o  be g r e a t e r  a t  low than a t  h igh  
r a t e s  of a p p l i c a t i o n .  

I n  our  experiment we a r e  t e s t i n g  11 l e v e l s  
each of  N and P. Nitrogen r a t e s  range from 1 0  t o  
1000 kg/ha and phosphorus r a t e s  from 5 t o  500 kg/ha. 



Rates i nc r ea se  l i n e a r l y  on a logar i thmic  s c a l e  
wi th  each succeeding l e v e l  being app rox imte ly  
1.6 t i m e s  t h e  next  lower one ( f i g .  I ) .  

Each N-P cornbination was appl ied  t o  a 2.0 by 
2.0 meter a r e a  (4.0 m2), The t r e e s  comprising 
the  f i n a l  crop a r e  p l an t ed  i n  the  cen t e r  of these  
c e l l s .  Nitrogen was suppl ied  a s  urea (46-0-0) and 
.phosphorus a s  t r i p l e  superphosphate (0-46-0). 

Amounts of each n u t r i e n t  t o  be appl ied  t o  
i nd iv idua l  t reatment  c e l l s  were c a r e f u l l y  weighed 
on a l abo ra to ry  balance and placed i n  packets .  
Contents of t h e  packets  were broadcast  by hand 
evenly over  t h e  t reatment  c e l l s .  To f a c i l i t a t e  
l oc a t i on  of i nd iv idua l  c e l l s ,  these  boundaries 
were ou t l i ned  wi th  twine and t h e i r  corners  marked 
wi th  w i r e  p i n  f l ag s .  

The 22 by 22 m measurement p lo t  is surrounded 
by a 2-ce l l  (4 m) wide bu f f e r ,  which increases  t h e  
s i z e  of an i n s t a l l a t i o n  t o  30 by 30 m. Ce l l s  
i n  the  b u f f e r  a r ea  were f e r t i l i z e d  a t  the  same 
r a t e s  a s  ad jacent  c e l l s  i n  t h e  measurement p lo t s .  

Obviously, seed l ings  a t  2.0 m spacings w i l l  
not  occupy t he  s i t e  immediately. Nor a r e  121 
t r e e s  an adequate number t o  allow ind iv idua l s  t o  
be harves ted  pe r i od i ca l l y  t o  measure in te rmedia te  
responses t o  f e r t i l i z e r s .  To overcome the se  
de f i c i enc i e s  we p lan ted  a d d i t i o n a l  t r e e s  1 , O  m 
apa r t  on the boundaries between c e l l s  and a t  t h e  
c e n t e r  of each of t h e  four  1 . 0  x 1 .0  m quadrants  
comprising the  2.0 x 2.0 m c e l l .  This reduced 
i n i t i a l  spacing between i nd iv idua l s  t o  0.71 x 
0.71 m. 

Harvest a f t e r  1 yea r  w i l l  remove a l l  t r e e s  
i n  the  cen t e r s  of t h e  meter square quadrants and 
increase  spacing between r e s idua l  t r e e s  t o  1.0 x 
1.0 m. Two options a r e  ava i l ab l e  f o r  spacing of 
r e s i d u a l s  a f t e r  t h e  second harves t :  removal of 
a l t e r n a t e  rows of t r e e s  p a r a l l e l  t o  t h e  x o r  y 
a x i s  of t he  p l an t a t i on  would produce a 1 .0  x 2.0 m 
rec tangular  spacing,  whereas removal of  a l t e r n a t e  
rows o r i en t ed  diagonally t o  one a x i s  o r  t h e  o the r  
would r e s u l t  i n  a uniform spacing of  1.41 m between 
r e s idua l s .  We s p e c i f i e d  t h e  r e t angu l a r  spacing 
i n  the  s tudy p lan  but  now favor  t h e  square arrange- 
ment. The t h i r d  harves t  w i l l  remove a l l  remaining 
non-crop t r e e s  and increase  spacing between 
ind iv idua ls  t o  2.0 x 2.0 m. 

Measurement p l o t s  contained 1,013 t r e e s  
i n i t i a l l y .  The number w i l l  be reduced t o  529 
t r e e s  by t he  f i r s t  ha rve s t ,  t o  253 by t he  second 
harves t ,  and t o  121 by t he  t h i r d  harves t .  

Trees scheduled f o r  in te rmedia te  harves t  
w i l l  be r e t a i ned  i n  t he  s t and  i f  they a r e  needed 
t o  rep lace  designated leave  t r e e s  t h a t  have 
died. These replacements w i l l  be chosen a t  ran- 
dom from surv iv ing  t r e e s  i n  p l an t i ng  spo t s  
immediately ad jacent  t o  t he  missing t r e e s .  

vigorous neighbors. Reducing v a r i a t i o n  i n  t h i s  
way would a l t e r  t h e  populat ion t o  which r e s u l t s  
apply. Evaluat ing p o s i t i v e  and nega t ive  con- 
sequences of t h i s  procedure must precede any 
dec is ion  t o  rep lace  l i v i n g  t r e e s  wi th  i nd iv idua l s  
scheduled f o r  harves t .  

F e r t i l i z e r  r a t e s  i n  t h i s  experiment d i r e c t l y  
apply only t o  t h e  middle t r e e s  of each 2.0 x 2.0 
m c e l l .  But, t he  n u t r i e n t  environment of any 
i nd iv idua l  i n  the  p l an t a t i on  a t  any time can be 
uniquely described by the  x and y coordinate of  
i ts  l oca t i on .  Moreover, use of  coordinates  
r a t h e r  than a c t u a l  N and P r a t e s  w i l l  e l im ina t e  
b i a s  introduced by s e l e c t i n g  i nd iv idua l s  o the r  
than the  cen t e r  t r e e  a s  crop t r e e s .  

Coordinates have the  added advantage t h a t  
they a r e  propor t iona l  t o  t he  logari thms of 
f e r t i l i z e r  r a t e s  and need not  be transformed f o r  
regress ion  analyses.  

Tota l  he igh t  and groundline diameter of 
each t r e e  on the  measurement p lo t  w i l l  be measured 
a t  t h e  end of each growing season.  Diameter a t  
b r e a s t  he igh t  may be s u b s t i t u t e d  f o r  ground- 
l i n e  diameter  a f t e r  a l l  t r e e s  a t t a i n  a t o t a l  he igh t  
g r e a t e r  than 1.37 m (4.5 f e e t ) .  Dry mass of 
f o l i a g e  and woody ma te r i a l  (bole and limbs, in-  
cluding bark) w i l l  be determined f o r  each harvested 
t r e e .  From these  measurements we can der ive  
volumes and t o t a l  aboveground biomass of every 
t r e e ,  i f  such a r e  des i red .  Foliage and woody 
ma te r i a l  w i l l  be analyzed i n  the  labora tory  f o r  
N and P and perhaps f o r  o the r  n u t r i e n t s .  

Hu l t i p l e  regress ions  w i l l  be f i t t e d  t o  t he  
response su r f ace s  produced by the  measurements 
l i s t e d  above. Because r a t e s  of response t o  N and 
P a r e  expected t o  dec l ine  and may become nega t ive  
a s  app l i c a t i on  r a t e s  i nc r ea se ,  and because i n t e r -  
a c t i ons  between N and P f e r t i l i z a t i o n  may be 
important ,  an equat ion having the  form: 

was s e l e c t e d  a s  the  response model. Terms a r e  
added s equen t i a l l y  i n  the order  l i s t e d  s o  long 
a s  they improve t he  f i t  of t he  equat ion t o  t h e  
response sur face .  I n  t he  equa t ion ,  Y is a growth 
parameter (he ight ,  diameter ,  biomass, o r  n u t r i e n t  
content)  and N and P a r e  f e r t i l i z e r  r a t e s  
expressed a s  a c t u a l  amounts per  u n i t  a r ea  o r  t h e i r  
logari thms.  Derivat ives of t he  equat ions w i l l  be 
solved f o r  amounts of N and P requi red  f o r  
maximum response. 

INTERIM RESULTS 

Now l e t  us look a t  prel iminary r e s u l t s  from 
an i n s t a l l a t i o n  t h a t  was p lan ted  i n  June 1981 and 
f e r t i l i z e d  i n  Apr i l  1982. Seedling he igh t s  and 
groundline diameters were measured i n  l a t e  August 
1982, four  months a f t e r  f e r t i l i z e r s  were appl ied .  

The opportuni ty a l s o  e x i s t s  t o  rep lace  slow 
growing i nd iv idua l s  wi th  one of t h e i r  more 
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F e r t i l i z e r  r a t e s  a r e  shown a t  the  bottom and on eke r i g h t  margin. 



The s i t e  of  t h i s  i n s t a l l a t i o n  had never  been 
t i l l e d  o r  f e r t i l i z e d .  S o i l  i s  Beauregard s i l t  
loam ( P l i n t h a q u i c  P a l e u d u l t ,  f i n e - s i l t y ,  s i l i c e o u s ,  
the rmic) ,  The t e s t  s p e c i e s  is  l o b l o l l y  p ine  
(Pinus t aeda  L. 1. 

L A o r a t o r y  ana lyses  of s o i l  samples from t h e  
1 2 1  crop t r e e  p o s i t i o n s  i n  the  i n s t a l l a t i o n  showed 
normal v a r i a t i o n  among samples b u t  no important  
g r a d i e n t s  i n  pe rcen t  o r g a n i c  m a t t e r ,  n i t r o g e n ,  o r  
phosphorus. 

P l a n t i n g  s t o c k  f o r  t h e  i n s t a l l a t i o n  was grown 
i n  c o n t a i n e r s  from wind p o l l i n a t e d  seed  from a  
s i n g l e  l o b l o l l y  pine p a r e n t  whose progeny had 
responded w e l l  t o  f e r t i l i z a t i o n  i n  greenhouse 
t r i a l s .  Seed l ings  were 14  weeks o l d  from seed  
when p lan ted .  

P l a n t a t i o n  c u l t u r e  ( i n  a d d i t i o n  t o  f e r t i l i -  
z a t i o n )  i n c l u d e s  complete c o n t r o l  of competing 
v e g e t a t i o n  w i t h  h e r b i c i d e s  s u p p l e m n t e d  by hoeing,  
and p r o t e c t i o n  of s e e d l i n g s  from fus i fo rm r u s t  
i n f e c t i o n  (Cronartium quercuum (Berk. ) Miyabe 
ex S h i r a i  F. sp .  fusiforme) and Nantucket p i n e  t i p  
moth (Ehyacionia f  r u s t r a n a  Comst , ) damage w i t h  
f u n g i c i d e s  and i n s e c t i c i d e s .  

Both h e i g h t s  and groundl ine  diameters  showed 
p o s i t i v e  responses  t o  N and P which culminated 
w i t h i n  t h e  range of r a t e s  of a p p l i c a t i o n  of  t h e  
two n u t r i e n t s  ( f i g u r e s  2 and 3) ,  There 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 n u t r i e n t s  i n  
t h e i r  e f f e c t s  on growth. Even though only 4 
months had e lapsed  s i n c e  f e r t i l i z e r  was a p p l i e d ,  
t h e  second-order polynomial r e g r e s s i o n  accounted 
f o r  39 p e r c e n t  of  t h e  v a r i a t i o n  i n  t r e e  h e i g h t s  
and 30 p e r c e n t  of t h e  v a r i a t i o n  i n  g roundl ine  
diameters .  

Only 21  kg/ha of n i t r o g e n  were r e q u i r e d  f o r  
maximum he igh t  growth and only 30 kg/ha f o r  maxi- 
mum g roundl ine  diameter  growth. Corresponding 
q u a n t i t i e s  of P f o r  maximum response were 211 and 
120 kg/ha. While these  va lues  w i l l  undoubtedly 
change as t r e e s  have more time t o  respond t o  
t h e i r  n u t r i e n t  s t a t u s ,  they  a r e  e x c e l l e n t  exam- 
p l e s  of t h e  advantage of t h e  cont inuous v a r i a b l e  
approach over  convent ional  f e r t i l i z e r  t r i a l s  f o r  
i n i t i a l  s c r e e n i n g  of f e r t i l i z e r  r a t e s .  A 32 
f a c t o r i a l  experiment t h a t  t e s t e d  10,64,  and 158 
kg/ha of N and 5 ,  32 and 79 kgfha of  P  would 
have produced s i m i l a r  r e s u l t s  f o r  N but  would 
no t  have determined t h e  amount of P r e q u i r e d  f o r  
maximum response.  

RY MID CONCLUSIONS 

The continuous v a r i a b l e  des ign  al lows t h e  
a p p l i c a t i o n  of many l e v e l s  of two t rea tments  
on a  r e l a t i v e l y  smal l  l a n d  a r e a .  The t rea tments  
must be cont inuous r a t h e r  than  d i s c r e t e ,  s o  t h e  
method adap ts  w e l l  t o  f e r t i l i z a t i o n  t r i a l s  b u t  no t  

N i t rogen , kg/ha 

F i g u r e  2 .--Effect of  n i t r o g e n  and phosphorus on 
i soquan ts  of t r e e  h e i g h t s  ( i n  c e n t i m e t e r s )  a t  
14 months, f o u r  months a f t e r  f e r t i l i z a t i o n .  
Equation i s  : 

H t  = 4 7  + 39 Log P - 8.4 (Log P ) ~  + 40 Log 
N - 15.1 (Log N 1 2  wi th  ~2  = 0.39 

Nitrogen, k g 4 a  

Figure  3,--Effect  of  n i t r o g e n  and phosphorus on 
i soquan ts  of r o o t  c o l l a r  diameters  ( i n  c e n t i -  
m e t e r s l a t  age 14  months, f o u r  months a f t e r  
f e r t i l i z a t i o n .  The equa t ion  is:  

Rcd = 0.63 + 1.03 Log P - 0.24 (Log P)Z 
+ 1.05 Log N - 0.36 (Log ~ ) 2  w i t h  ~2 = 0,30 



t o  t e s t s  of g e n e t i c  mate r ia l s .  The advantages 
of t h e  method a r e :  

I. A l a r g e  number of l e v e l s  can be used i n  
one e x p e r i m n t  so cha t  e x t r e E  l e v e l s  can be 
app l ied .  While t h e  extreme l e v e l s  may n o t  be 
of p r a c t i c a l  s i g n i f i c a n c e ,  they a r e  u s e f u l  i n  
descr ib ing  t h e  response curve. 

2 .  The a p p l i c a t i o n  of two t rea tments  i n  
an or thogonal  design al lows t h e  s tudy  of p o t e n t i a l  
i n t e r a c t i o n s  t o  a degree t h a t  i s  no t  p o s s i b l e  
wi th  conventional  f i e l d  experiments which have a 
l i m i t e d  resource  r e s t r i c t i o n  on p l o t  numbers. 

3. By r e s t r i c t i n g  t h e  land  a r e a  requ i red ,  
t h e  t a s k  of f i n d i n g  uniform sites is e a s i e r .  

4 .  The smal l  s i z e  of t h e  experiment reduces 
t h e  l a b o r  and o t h e r  resource  requirements ,  s o  
m u l t i p l e  s i t e s  can be i n s t a l l e d .  The design 
can be f e a s i b l y  r e p l i c a t e d  i n  time and space,  
enhancing t h e  r e l i a b i l i t y  of t h e  data .  

A s  t h e  s tudy  has been i n s t a l l e d  f o r  a s h o r t  
t i m e ,  a11 unforeseen problems have n o t  shown up 
y e t .  P o t e n t i a l  disadvantages a r e :  

1. The i n h e r e n t  assumption i s  t h a t  r o o t s  
w i l l  grow without  b i a s  i n  a l l  d i r e c t i o n s .  I f  
a t reatment  a f f e c t e d  r o o t  growth, t h e  r e s u l t s  
may n o t  r e f l e c t  t h e  t r u e  s i t u a t i o n .  For example, 
i f  phosphorus were t o  enhance r o o t  growth towards 
t h e ' s i d e  rece iv ing  t h e  h igher  l e v e l s  o f  phosphorus, 

t h e  requirement f o r  phosphorus would be under- 
est imated.  

2 .  Because each t r e e  is i n  a sense  a p l o t ,  
t r e e  t o  t r e e  v a r i a b i l i t y  caused by g e n e t i c s  o r  
m i c r o s i t e  d i f f e r e n c e s  could mask t h e  r e s u l t s .  
(Vander Zaag e t a 1  1980). 

3. The a b s o l u t e  requirement f o r  a u n i f o m  
s i t e  r e s t r i c t s  t h e  method t o  newly p l a n t e d  t r e e s .  
Older p l a n t a t i o n s  wi th  t h e i r  l a r g e r  spacings 
would r e q u i r e  too much land  t o  m e e t  t h e  uniform 
s i t e  requirement. 

While t h e  r e s u l t s  s o  f a r  a r e  encouraging,  
t h e  s tudy  w i l l  have t o  grow through s e v e r a l  more 
seasons before  the  a p p l i c a t i o n  of t h e  cont inuous 
v a r i a b l e  des ign  can be recommended f o r  f o r e s t  
f e r t i l i z a t i o n  s t u d i e s .  
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THE COMPETITION-mLEASE ENIGM: ADDING APPES AND ORANGES 

AHD coHrNe UP WITH L E ~ u ) N S ~ ~  

Shepard M. ~edakerz' 

astract.--Much of the success in reforestation as a 
silvicultural operation depends on our ability to identify, 
evaluate, and manage competition from non-crop species. 
Unfortunately, our knowledge of the competition-release - 
growth response relationships in Southern forests is limited. 
Present methods to evaluate interspecific competition are 
only semiquantitative and make use of competition for space, 
size-density interaction, techniques developed for mono- 
cultures. But because plant competition is for the elements 
that space contains, i.e. light, water, nutrients, and not 
the space itself, differential resource use by various plant 
species limit such methods, Significant gains in our ability 
to evaluate competitive stress and predict growth response 
due to interspecific competition could be made if expressions 
of size and density of competing species were more indicative 
of their site resource use. An approach to evaluating com- 
petition and response to release in loblolly pine plantations 
employing leaf area of competing plants is discussed. Since 
it controls light extinction in plant canopies, is directly 
related to water uptake and transpiration, and influences 
nutrient use, leaf area used as a bioassy of competitive 
stress should improve growth predictions in mixed species 
stands. 

INTRODUCTION 

The mere presence of an organism alters the 
environment of its neighbors and may result in 
changes in their growth and form (Harper, 1977). 
The process through which plants interact in this 
manner has been defined as competition. Competi- 
tion is of interest to silviculturists because of 
its influence on growth and yield. Intraspecific 
competition has a profound effect on diameter 
distributions and product yield once the crop is 
established and dominant on a site. Prior to 
stand closure, the crop can be subject to inter- 

l /  Paper presented at Second Silvicultural 
&search Conference, Atlanta, Georgia, Noveaber 
4-5, 1982. Partial financial support provided by 
&Intire-Stennis, Reynolds Homestead Research 
Center, and Mr. Robert J. Kennedy. 

2 1  Assistant Professor of Forest Ecology and 
Silvi'ulture, Department of Forestry, Virginia 
Polytechnic Institute and State University, 
Blacksburg, Virginia. 

specific competition that inhibits growth and in 
some instances can result in crop failure. 
Release, the selective control of forest weeds 
in a stand of crop trees, is used to relieve 
stress from interspecific competition. Ostensibly, 
the amount of crop growth improvement is related 
to the amount or quality of release. But, since 
the cost of weed control is directly proportional 
to the amount of vegetation killed, it may not be 
desirable, or even feasible, to control all non- 
crop vegetation. 

The first step in optimizing release opera- 
tions is understanding competition control-growth 
response relationships. Solution of the enigma 
imposed by interspecific eoapetition in reger~erating 
forest stands is exceeded in difficulty only by 
the proverbial problem of adding apples and oranges 
and coming up with lemons. Variation in site 
conditions, vegetative comunities, site prepara- 
tion, and timing of plant establishment results 
in a cornplex matrix of species interactions. This 
paper presents an untested yet tractable solution 
to the competition-release question. Because of 
its causal link to the functional environment, 



leaf area is proposed as the c 
for species comparisons. Both theoretical and 
practical implications of the use of leaf area 
are discussed. The review which follows is 
intaded to provide the reader with the back- 
ground and. basis for this approach. 

Definitions of plant capetition have been 
nuolerous. Donald (1963) combined many of these 
into a concise statement: 

Competition occurs when each of two or 
more organism seeks the measure it 
wants of any particular factor or thing 
and when the immediate supply of the 
factor or thing is below the combined 
demand of the organisms, 

For plants, these factors are light, water, and 
nutrients, Although references to t'competition 
for space" occur in the plant literature, the 
phrase really implies that competition is for the 
elements that space contains (Zimdahl, 1972). 
This space-element concept sets plant competition 
apart from animal interactions. Exclusive of 
perhaps allelopathy, plant competition is purely 
an indirect process. Competition arises from the 
changes in the functional environment of one plant 
as influenced by the presence and growth of its 
competitors. Because forest co-ities rarely 
expand to the point where all potential crown or 
rooting volume is occupied by plant tissue, an 
actual struggle between competing plants for space 
or "territory" seldom occurs (Curtis, 1970). 
Thus, ,competition is a result of plant density and 
size relative to the available pool of resources 
rather than geometric space alone. 

Differential consmption of site resources 
makes plant capetition a difficult process to 
quantify directly. Proof of the causal link 
between the growth of some individuals, resource 
depletion, and the reduction in the relative 
growth rate of others has rarely been observed 
(Ford, 1975). Further confounding competition- 
release relationships is interaction between above 
and below ground subsystems. Clearly, competition 
for light occurs only when plant populations are 
sufficiently dense for their crowns to shade one 
another. Yet, because of the continuous nature 
of the soil matrix, cometition for moisture and 
nutrients undoubtedly occurs even when roots do 
not overlap. Experiments with mixed stands of 
pasture plants have indicated that significant 
interactions between above and below ground 
competition occur (Donald, 1958; Aspinall, 1960; 
Snaydon, 1971). 

Interactions also exist between competition 
for different factors within the resource pool. 
A reduction in the supply of one element due to 
competition may result in a decrease in the 

ability to exploit the supply of other elements 
(Table 1). 

The pool of available resources can be 
thought of as the functional or operational environ- 
ment of a particular plant. This concept was 
introduced by &son and Langenheim (1957). They 
defined operational environment in the statement: 

It must be continually emphasized that 
the operational enviroment is always 
the enviroment of a particular organism. 
There is no aspect of enviroment, in 
the sense of actively operating phenomena, 
that is not related to individual organ- 
isms . . . There are no phenomena signi- 
ficant to such aggregates of floras except 
as logical products or suations of 
phenomena operationally significant to 
the included or associated individuals. 

In the context of competition, resources are 
operationally significant only if changes in their 
level of availability elicit a response in terms 
of plant growth, An example will clarify the 
meaning of operational significance. 

Suppose that the mean soil moisture potential 
in a loblolly pine (Pinus taeda L.) plantation on 
August 20, 1982 was -1 W a  at 10 cm below the 
soil surface. What does this aean in terms of a 
loblolly pine's operational environment, Really 
very little. An individual pine responds or 
senses the highest soil moisture potential (least 
moisture stress) to which its root system has 
access, which might be quite different than the 
mean potential at 10 cm, Furthermore, the soil 
moisture potential on August 20 may elicit very 
little response in terms of tree growth, Plants 
have mechanisms, such as stomata1 control, solute 
concentration, and stem water storage, that alter 
the effects of a particular day's water regime. 
Loblolly pine exhibits both elastic and plastic 
responses to moisture stress. Because we are 
interested in the plastic or growth response, 
integration of the sensible moisture regiae over 
an entire growing season is the only operationally 
significant environmental factor in terms of the 
available pool of water. 

Significant gains in our understanding of the 
competitive interactions of forest trees could be 
made if competitor growth were treated as an 
indirect factor working through the functional 
enviroment to influence subject tree growth. 
Connections between plantation sitelclimtic effects, 
competitor species growth effects, alterations to 
the functional enviroment of the crop, and sub- 
sequent effects on crop growth would require 
identification. These connections could be viewed 
as a path analysis model to illustrate crop 
behavior (fig. 1). The construction of the model 
followed the procedures for analysis of causal 
paths outlined in Turner and Stevens (1959) and 
described for observational data on natural systems 



Table 1.--Effects of competition for light and water by an aggressor species (A) on a 
suppressed species (s)L~ 

Competition for 
Effects Light Water Light and Water 

Primary (1) A reduces light (3) A reduces water (l+3) A reduces light 
availability to availability to and water avail- 
S S ability to S 

Secondary (2) Lower light supply (4) Lower water (2+4) S suffers 
reduces the ability supply reduces reduced capacity 
of S to exploit its the ability of S to exploit light 
water supply to exploit its and water supply 

light supply 

Interactions (1) x (2) 

1' After Donald, 1958. 

by Overton and Florschutz (1962). Climatic site environment both affects and is affected by competing 
variables are introduced as primary factors, plants. 
functional enviromental variables and competing 
vegetation are described as intermediate resultant The path analysis model provides the physical 
effects, and crop growth is the ultimate resultant and biological framework for explaining how the 
effect. Variable sums are the integration of process of interspecific competition takes place, 
environmental attributes over a growth cycle. but cannot be used directly to solve the enigma. 
Feedback vectors are included since the functional The crux of the functional environment solution 

PRIf4ARY FACTORS I NTERMED I ATE RESULTANT EFFECTS 
(CLIMATE/~ITE) (FUNCTIONAL ENV I RONMENT) 

ULTIMTE RESULTANT EFFECT 

Figure 1.--Path analysis model of relationships between climatelsite factors, an 
object tree's functional environment and competing vegetation. 



is our inability, at least with current technology, 
to measure the operationally significant variables. 
The complexity of the functional environment 
matrix, the physical difficulty of measurement 
without influence, and the drastically different 
above and below ground subsystems provide for- 
midable barriers. 

BIOASSAYS IN COMPETITION STUDIES 

Mhen presented with measurement problems, 
such as is the case with a plant's functional 
environment, researchers often resort to a bio- 
logical assay technique. A bioassay is used when 
the measurement of a causal agent is difficult but 
the effect it has on a biological system is uniform 
and predictable. Silviculturists have been using 
bioassay techniques, although somewhat unknowingly, 
for some time in their attempts to develop cmpeti- 
tion-density indices for forest growth. 

Competition-density indices, such as Opie's 
Competing Basal Area, Bella's Competition Influence 
Zone Overlap, and Arney's Competition Stress Index, 
are derived from relationships between size of the 
crop tree, competitor size, and proximity of 
competing stems (Table 2). The variables which 
comprise these indices, i.e. number of competitors, 
crown area overlap, basal area of subject tree and 

competitors, number of trees per acre, etc., 
describe in a round-about manner the functional 
environment of the crop trees. Unfortunately, 
competition-density indices are often treated as 
magic numbers that, when entered into growth 
equations, ''explaint' what goes on in the nebulous 
competition black box. Little attention is given 
to the underlying principal that makes such indices 
relatively successful for describing the effects 
of competition in the even-aged monocultures for 
which they were developed. In single-species 
stands, access to and control over the pool of 
site resources is directly proportional to plant 
size (Newton, 1973). Within species variation in 
the efficiency of resource use is minor in com- 
parison to differential consumption relative to an 
individual tree's basal area, height, or crown 
volume. This principal makes competition-density 
indices good bioassays for the causal agent, the 
subject tree's functional environment in monocultures. 

The same cannot be said for the mixed-species 
stands creating the competition-release enigma. 
In these stands, differences in species growth 
rates, canopy and root system structure, and 
production efficiency results in a complex matrix 
of differential consumption of site resources. 
Research in agronomic crops has indicated that 
water use efficiency in dry matter or volume pro- 
duction varies considerably between species, but 

Table 2.--Competition-Density indices used for even-aged monoculture forest growth 
modeling. 

Author (date) Index 

Percent of Variation 
Independent in Dependent 
variable&/ Variables Explained 

Arney (1973) Competition Stress n, ak, A 
Index 

Bella (1971) Competition Influence n, ak, BAF 
Zone Overlap - 

Drew and Flewelling Relative Density Index n, V 
(1977) 

Honer (1972) Point Density Measure HT, CD * 
Krajicek et a1 (1 961) Crown Competition AR, Di, Mi 

Factor 

Moore et a1 (1973) Area Potentially n, ak, A, DBH, di 76-66 
Available 

Opie (1968) CompetingBasal Area n, ak,A, BAF 
Count 

Tennent (19 75) Competition Quotient n, ak, A 8 1 

L/ n=number of competitors, ak=crown area overlap with kth competitor, A=subj ect tree 
crown area, BAF=basal area factorAdi=DBH of ith competitor, DBH-DBH of subject 
tree, CD- subject tree diameter, V=mean tree volume, AR=area in acres, Ni=number 
of trees in DBH class, Di=DBW class. 

2/ *Not given in report. 



is relatively constant within species (Hillel, 
1971). Miller and Poole (1979) reported similar 
results in their study of the pattern of water use 
by woody shrubs. Two- to four-fold differences 
in transpiration rates per unit of leaf area mong 
ten tree species infer that forest associates also 
differ in their efficiency of water use (Kramer 
and Kolowski, 1970). Species differences in 
photosynthetic efficiency are well documented 
(Bannister, 1976; Kramer and Kozlowski, 1979). 
Consistant variation among forest species in their 
nutrient content, on a dry weight basis, infers 
that differential consumption of nutrients occurs 
but does not provide conclusive evidence of dif- 
ferential productive efficiency (Rennie, 1955; T m ,  
1964; Marrison, 1974). 

A pragmatic view of a hypothetical competitive 
situation results in similar conclusions. Suppose 
that a subject loblolly pine were growing one meter 
away on one side from a red maple (Acer rubrum L.) 
and one meter away on the other sdie from another 
loblolly. Both competitors with the subject lob- 
lolly have 10 cm2 of basal area and are 3 meters 
tall. One competitor, the maple, is deliquescent 
while the other exhibits an excurrent crown form. 
The maple is deciduous and casts significant shade 
for only a portion of the year. One competitor is 
distinctly taprooted, the pine, while the other 
has a more fiberous spreading root system. It is 
obvious that the effect of the maple on the subject 
loblolly's functional environment is quite different 
from that of its specific twin. In this case, an 
attempt to use conventional competition indices 
based on plant size and proximity to predict growth 
response from release would be much like trying to 
add apples and oranges. The result would probably 
be a lemon of a prediction. 

LEAF AREA - THE COMMON DENOMINATOR 
Solving the competition-release enigma depends 

on finding a common denominator for adding the 
apples and oranges of our mixed species stands. 
To be effective, the denominator must meet three 
criteria. It should adequately reflect the effect 
of plant size and species on the functional environ- 
ment of our crop trees. It must be easy to deter- 
mine in the field so that silviculturists can 
assess the competitive status of their plantations 
and make recommendations for release prescriptions. 
The denominator must also be amenable to improvement 
as a bioassay when research provides better links 
between it and the functional environment causal 
agents. I hypothesize that leaf area is the common 
denominator which can be used to solve our enigma. 

Leaf area is primarily responsible for the 
light environment of crop trees. We can determine 
the mount of light intercepted by plant canopies 
using : 

where: Sb(L) = the direct solar radiation 
measured on a horizontal 
plane below a leaf index of 
L 

Sb(0) = the direct solar radiation 
above the plant canopy 

and Ks = shadow cast by a unit area of 
1 eaf 

This is simply a special case of Beer's Law 
(Monteith, 1973). Since the vast majority of water 
used by plants is transpired through leaf tissue, 
leaf area should be indicative of the status of the 
moisture resource in the functional environment. 
Water use per unit leaf area has been determined 
for agricultural crops and forest trees. Although 
there is considerable variation in transpiration 
rates due to environmental influences, forest species 
exhibit different yet consistant water use patterns 
on a seasonal basis (Conard and Radosevich, 1981; 
Miller and Poole, 1979). The relationship between 
leaf area and nutrient use is less well defined. 
However, it is not unreasonable to expect that leaf 
area, through its direct relationship to the amount 
of photosynthate available for plant growth and to 
water uptake, would strongly influence nutrient use. 
Leaf area is probably better than any other single 
physical attribute at reflecting the influence 
competing plants may have on the crop's functional 
environment . 

To meet the second criterion, leaf area must be 
easily measured in the field. Although direct 
measurement of the leaf area of individual plants 
would be an onerous task, indirect methods are 
available which provide accurate results. Carbon 
and others (1979) presented a method for visual 
estimation of leaf area in forest stands. By cor- 
relating visual estimation with measured standards, 
experienced estimators were able to determine leaf 
area index in Eucalyptus stands in Australia within 
four percent. 

A more rigorous method, not dependent on 
estimator expertise, is based on the hypothesis that 
a physiological balance exists between plant con- 
ducting tissue and water requirements as determined 
by leaf area. Stem diameter has been used to esti- 
mate foliar weight or area since the mid-sixties 
(Whittaker and Woodwell, 1967). For conifers, 
linear correlations of tree stem dimensions with 
leaf arealweight are generally better if sapwood 
area is used rather than dbh (Table 3). This is 
because heartwood, which could make up a large por- 
tion of total basal area, contributes little to 
water transport through the stem. Further restric- 
tion to current sapwood area, defined as the present 
spring wood and last year's growth ring, improved 
estimations for oaks (Rogers and Hinkley, 1979). 
This is because water flow in oak is restricted to 
the most recent one or two growth rings. Similar 
relationships between foliar arealweight and stem 
conducting area may be expected for other species. 



Table 3.--Linear regression attributes for estimating leaf arealweight for selected 
forest tree species. 

Dependent Independent Number of Coefficient of 
Species ~aiiable variable Samples Determination Reference 

S f  n r2 

Abies lasiocarpa FW spa 8 93 Kaufman & Troendle, 1981 

Acer macrophyllm FW dbh 18 87 Grier & Logan, 1978 

Pinus contorta FW dbh 19 84 Reid et al., 1974 
FW spa 9 95 Kaufman & Troendle, 1981 

Pinus monticola FW 
FW 

dbh 
spa 

93 Snell & Brown, 1978 
98 Snell & Brown, 1978 

Populus FW spa 11 97 Kaufman&Troendle, 1978 
tremuloides 

Pseudotsuga 
menziesii 

dbh 
spa 

Quercus alba FW spa 12 
FW csa 12 
FA spa 12 
FA csa 12 

Thuja plicata dbh 

86 Grier & Logan, 1978 
96 Snell&Brown, 1978 

70 Rogers 6 Hinckley, 1979 
98 Rogers & Hinckley, 1979 
75 Rogers & Hinckley, 1979 
94 Rogers & Hinckley, 1979 

91  Waring et al., 1978 

1' FW = Total tree foliage weight, FA = Total tree foliage area. 

2' dbh = Diameter breast height, spa = sapwood basal area, csa = current sapwood basal 
area, i.e. last two growth rings, 

Once conducting area - foliar area regressions 
are derived, the use of leaf area as a common 
denominator in studies of interspecific competition 
is easy. Silviculturists could substitute leaf 
area for basal area or dbh, or use a weighting 
factor that reflected leaf area, in their computa- 
tion of competition indices. Measurement of leaf 
area in regenerating stands would consist of 
measuring basal diameterlarea of competing stems. 
Since, for the first few years after establishment 
all stemwood is sapwood/conducting tissue, no 
separate heartwood-sapwood estimation would be 
needed. Thus, leaf area could be easily estimated 
in the field, satisfying criterion two for a good 
common denominator. 

Although leaf area is a better estimate of 
environmental influence than dbh or basal area, it 
still is not perfect. Species differ in the amount 
of water transpired per unit of leaf area. Varia- 
tion in leaf orientation and shape between species 
cause differences in light extinction under their 
crowns. As physiologists improve our knowledge 
of specific resource use per unit of leaf area, 
competition indices using leaf area can be enhanced. 
Weighting factors for light, water and nutrient use 
could be applied to leaf area to better model its 
influence on the crop tree functional environment 
and meet criteria three. 

A COMPETITION-RELEASE STUDY 

To test leaf area as a common denominator 
and shed some light on the competition-release 
enigma, I have designed a study which will be 
installed in the summer of 1983 in loblolly pine 
plantations in Virginia. The objectives of this 
work are: 

1. To develop objective measures of 
competition in pine plantations based 
on: size, proximity, numbers, species 
and control of site resources through 
leaf area by competing vegetation. 

2. To quantify the competitive status 
of plantations created by site 
preparation and various levels of 
release for loblolly pine establishment. 

3. To use the measures developed in 
objectives 1 and 2 above to predict 
early growth and response to release 
of loblolly pine in plantation 
environments. 

Competition and response to release will be 
evaluated at the stand level as well as on a single 
tree basis. For stand level evaluations and to 



EXPERIMENTAL DESIGN 

(SPLIT PLOT) 

growth for pines and hardwoods in each split plot. 
The development of predictive equations of seedling 
growth will require the establishment of single 
tree plots in each treatment split plot. Competitive 
status of individual loblolly pine will be evaluated 
on the basis of size, proximity, numbers of indi- 
viduals, species, and leaf area for competitors 
within polygons of influence around each tree. 
These attributes, along with pine height and basal 
diameter, will be measured before treatnent and 
yearly following release until pine crown closure. 
Regression analysis will be used to evaluate the 
relationships between measures of competition and 
loblolly volume growth. The growth models developed 
will be evaluated for variable sensitivity with 
emphasis placed on the development of an easy-to- 

BLOCK I BLOCK I 1  BLOCK I I I use field technique to evaluate the need for, and 
response of trees to, release. 

This study should improve our ability to 
identify, evaluate, and manage competition from 
non-crop species in loblolly pine plantations. 
Although it may not provide the ultimate solution 
to the competition-release enigma, it should make 
adding the apples and oranges of our mixed species 
stands less difficult. 
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G. N. Mason, G. D. Herte l ,  and R. C. ~ h a t c h e r l !  

Abstract. --Stand hazard r a t i n g  systems are being 
appl i ed t o  d i  rec t and i ndi  rec t approaches o f  southern p i  ne 
beet1 e management. Uses, appl i c a t i o n  approaches, and 
i n t e r p r e t a t i o n  o f  r a t i n g  resu l  t s  are discussed. 

INTRODUCTION 

Numerous southern p ine beet le  (SPB) , Den- 
droc tonus f r o n t a l  i s  Zimermann, outbreaks have 
occurred i n  the 13 Southern States since the 
bee t l e  was f i r s t  described i n  1868 (P r i ce  and 
Doggett 1978). A t  times, they have occurred 
simul taneously i n  several States, causing 
widespread, o f  ten spectacul a r  t imber vol ume 
1 osses. Th is  has d i  srup ted normal operations, 
reduced po ten t i  a1 y i e l  ds from managed forests,  
and sometimes caused ser ious damage on small 
ownerships. Such losses can be reduced by pro- 
p e r l y  m n a g i  ng p i  ne and pine/hardwood fo res t s  and 
by us ing  avai 1 able techno1 ogy f o r  deal i ng w i t h  
the  SPB ( Be1 anger and Ma1 ac 1980, B i  1 1 i ngs and 
Pace 1979, Swain and Remion 1981). 

H i s t o r i c a l l y ,  most e f f o r t s  t o  cont ro l  SPB 
have on ly  provided shor t  term r e l i e f  [Thatcher e t  
a1 . 1982). However, i n  the l a s t  10 years, 
dnteres t and support f o r  developing approaches t o  
prevent  and/or reduce losses t o  SPB has increased. 
One approach involves the development and use o f  
stand hazard ra t ings .  Such ra t i ngs  are needed i n  
l ong  range planning t o  maximize stand growth and 
y i e l d  and t o  minimize pest  losses. They may a1 so 
be used t o  b e t t e r  d i r e c t  suppressdon e f f o r t s  t o  
stands w i t h  the greatest  po ten t i a l  f o r  loss. 

Th is  paper presents a general overview o f  
how stand hazard r a t i n g  systems are used t o  
reduce SPB-caused losses, summarizes approaches 
t h a t  have been taken i n  developing and imple- 
menting hazard r a t i n g  systems across the South, 

and po in ts  out  th ings  t h a t  should be considered 
i n  eva lua t ing  the usefulness o r  meaning o f  hazard 
ra t ings .  

HOW HAZARD RATINGS CAN BE USED 

J u s t  as the quant i ty  o f  f o r e s t  fue l  a f f e c t s  
f i r e  hazard, dense slow-growing stands have an 
increased po ten t i a l  f o r  SPB at tack and spot devel- 
opment. Bas ica l l y ,  i f  beet les are present i n  an 
area, stands t h a t  have been i d e n t i f i e d  as h igh 
hazard are more l i k e l y  t o  be successfu l ly  
at tacked than are those classed as low hazard. If 
at tacks  occur i n  o lder  densely-stocked stands, the 
chances are t h a t  timber losses and beet le  numbers 
w i l l  be much greater  than ~ o u l d  be the case i n  a 
s i m i l a r  i n f e s t a t i o n  i n  low-hazard areas. Since 
1 arge, overmature, o r  saw1 og-size trees are more 
o f t e n  af fected,  the f i nanc ia l  losses, should a spot 
occur, are a lso  l i k e l y  t o  be much more severe. An 
understanding o f  these re la t i onsh ips  can be very 
useful  i n  management p lanning and operations aimed 
a t  reducing beetle-caused losses. The fo l l ow ing  
are some uses f o r  hazard ra t i ng :  

Hazard reduction. Prescribed burning has been 
used t o  reduce f i r e  hazard f o r  years. Knowledge of 
the d i s t r i b u t i o n  and abundance o f  h igh hazard 
stands provides a s i m i l  a r  opportuni t y  f o r  reducing 
bee t l e  hazard through s i l v i c u l  t u r a l  treatment. The 
t ime ly  t h i nn ing  o f  stands before they become h igh  
hazard o r  even a f t e r  they are h igh hazard can 
reduce t h e i r  suscep ti b i  1 i t y  t o  a lower l e v e l  . 
Althouqh few stands may be thinned f o r  the so le  
purpose o f  prevent ing br reducing SPB losses, a 
knowledge o f  how stand cond i t ions  a f f e c t  po ten t i a l  

11 Paper presented a t  Southern S i  1 v i c u l  t u r a l  beet1 e r i s k  provides add i t iona l  c r i t e r i a  t h a t  can 
Research Conference, Atlanta, Georgia, November be used i n  es tab1 i sh i  ng c u t t i n g  budgets, reent ry  
6-7, 1982. times, and harvest  schedules. 

/ Research Coordinator, Appl i ca t i ons  Coor- . As f o r e s t  
d ina tor ,  and Program Manager, USDA Forest  mana pine bark 
Service, Southern Forest  Experiment Stat ion,  beet1 es and t h e i r  re f  a t ionsh ip  t o  f o r e s t  con- 
I n teg ra ted  Pest Management RD&A Program, 2500 d i  t ions,  management p rac t ices  and f o r e s t  economics, 
Shreveport Highway , P i  nevi 11 e, LA 71360. they have come t o  recognize t h a t  some spots should 



rece ive  immediate a t ten t ion ,  wh i le  others can be 
1 e f t  uncon t r o l l  ed. Techniques have been deve- 
loped f o r  s e t t i n g  con t ro l  p r i o r i t i e s  based on 
l e v e l  o f  beet l  e a c t i v i t y  and s ize  and number o f  
spots ( B i  11 ings  and Pase 1979). Knowledge o f  the 
nature and condi t i on o f  the surroundi ng f o r e s t  
increases our a b i l i t y  t o  make cont ro l  decis ions 
t h a t  are b i  01 og ica l  l y  and economi ca1 l y  sound. 

. I n  east  Texas, 
d u r i  average o f  0.5 
percent  o f  the  land on a 240,000-acre-area was 
c l a s s i f i e d  as very h igh hazard, 9.5 percent as 
high, 27 percent  as moderate, 26 percent as low, 
6 percent  as very low hazard, and the remaining 
31 percent  as nonhost hardwood, c learcuts,  and 
nonforested areas. Many ownerships i n  other 
areas o f  the South would probably have simf l a r  
condi t i  ons. Further,  hol dings w i t h  more i nten- 
s i ve  management would probably have a greater  
p ropo r t i on  o f  low-hazard stands, wh i le  those w i t h  
1 i ttl e o r  no management, o r  wi t h  management 
ob jec t ives  o ther  than timber, would have a l a r g e r  
p ropor t ion  o f  high-hazard stands. I f  t h i s  holds 
true, o ther  th ings being equal, ownerships w i t h  a 
predominance o f  low-hazard type should have, on 
the average, l ess  severe beet le  problems over 
time. Hazard r a t i n g  gives the landowner the 
oppor tun i ty  t o  make these judgments and t o  deter-  
mine the need f o r  d i r e c t  cont ro l  and/or stand 
management actions. 

Beet le  populat ion removal. Removal o f  
i n f e s t e d  t rees  from h i  gh-hazard areas can provide 
more immediate b e n e f i t i  than the long term gains 
from i n t e n s i f i e d  stand management. Surv ival  o f  
the SPB dur ing  endemic periods appears t o  be 
s t rong l y  dependent upon the avai 1 ab i  1 i t y  o f  
su i t ab le  hos t  mater ia l .  When a c t i v i t y  i s  low, 
most spots occur and spread i n  very high-hazard 
(opt imal  hab i t a t )  stands. As beet le  a c t i v i t y  
i n t e n s i f i e s ,  spots spread i n t o  less  favored ( low 
t o  moderate suscepti  b i l  i t y )  stand types. 
However, when a c t i v i t y  again decl i nes, and sur- 
v i v a l  becomes a c r i t i c a l  fac tor ,  populat ions once 
again concentrate i n  high-hazard areas having 
01 der, denser, slow-growing stands as we1 1 as 
diseased trees, t rees at tacked by other beet le  
species f I s etc. ) , and stands under s t ress  from 
man-cause +' o r  natural  events (e.g. , drought, 
l i g h t n i n g ) .  It i s  bel ieved tha t  these 
Iireservoi r" stands serve as epicenters f o r  f u t u r e  
outbreaks when envi ronmental condi t i o n s  are agai n 
favorable f o r  beet l  e populat ion development. 
Timely harvest ing o f  these stands dur ing low 
bee tl e a c t i v i t y  (endemic) per iods coul d prevent 
o r  slow the development o f  f u tu re  outbreaks by 
removing sources o f  beet les which provide poten- 
t i a l  f o r  populat ion buildups. 

SPB survey. Even dur ing endemic periods, 
surveys are necessary t o  detect  o r  eval uate 
i n f e s t a t i o n  i n c i  dence, l o c a t i  on, and sever i  t y  . 
Detec t ion  f l i g h t s  commonly cover l a rge  areas and 
may reveal  l i t t l e  o r  no apparent a c t i v i t y .  Such 

surveys can be made more e f f i c i e n t  by concentrat ing 
on "reservoi  r" o r  h i  gh-hazard areas du r i  ng endemic 
periods, I f  no a c t i v i t y  i s  found there, i t i s  safe 
t o  assume t h a t  there would be no a c t i v i t y  i n  low- 
o r  medi um-hazard stands, As beet l  e a c t i  v i  t y  
increases i n  these " i nd i ca to r "  areas, the  survey 
can be expanded t o  inc lude less  suscept ib le p ine  
and pinefhardwood stands. 

IMPLEMENTATION APPROACHES 

We recognize t h a t  i f  new pes t  management tech- 
nology ( i n  t h i s  case, hazard ra t i ngs  f o r  SPB) i s  t o  
be accepted and used, i t  must be packaged i n  
r e a d i l y  understood form, be cos t  e f f ec t i ve ,  requ i re  
1 i ttl e ex t ra  labor, and complement e x i s t i n g  f o r e s t  
management e f f o r t s .  Dur ing the Expanded Southern 
Pine Beet le R&D Program, researchers across the 
South co1 l ec ted the necessary s i  te-stand data 
needed t o  devel op stand hazard r a t i  ng techniques 
f o r  a va r i e t y  o f  s i t e  and stand cond i t ions  (Coster 
and Searcy 1981) . These and o ther  studies resu l  Led 
i n  a number o f  hazard r a t i n g  approaches (Belanger 
e t  a l .  1981, Hicks e t  a l .  1981, Mason e t  a l .  1981, 
Ku e t  a1 . 1981, L o r i o  1978, and Sader and Mi 1 l e r  
1976). Several o f  these systems have been imple- 
mented by State, Federal , and i n d u s t r i a l  f o r e s t r y  
organizat ions (Tab1 e 1). 

The fo l l ow ing  approaches have been taken f n  
imp1 ementi ng hazard r a t i n g  sys tems: 

App l ica t ion  based on e x i s t i n g  stand data. 
Most manaaed f o r e s t  ownersh i~s  maintain t r a c t  sur- 
vey, management un i t ,  and stand type maps f o r  which 
i nven to r y  in fo rmat ion  i s  avai 1 abl e. These records 
general ly  inc lude data necessary t o  r a t e  stands, o r  
in fo rmat ion  from which these data can be derived. 
Computer storage and r e t r i e v a l  o f f e r s  acqu is i  t i o n  
convenience and continuous update capab i l i t y ,  and 
represents the idea l  data base s i t u a t i o n  f o r  SPB 
hazard ra t ing .  Stands may be classed manually from 
computer p r i  ntou ts ,  d i r e c t l y  from stand maps, o r  
automatical l y  a f t e r  en ter ing  the appropr iate r a t i n g  
equation. To date, t h i s  approach has been app l ied  
l a r g e l y  t o  National Fores t  lands (Lo r i o  and Sommers 
1981). Continuous Inventory o f  Stand Condi t ions 
(CISC) i s  an automatic data-processing system 
employed by the Nat ional  Forests i n  the South 
t o  document t imber stand condi t ions.  By us ing  f i v e  
data f i e l d s  i n  CISC ( f o r e s t  type, stand cond i t i on  
class, method o f  cut, ope rab i l i t y ,  and s i t e  index), 
a r a t i n g  o f  high, medium, o r  low hazard can be 
developed f o r  SPB at tack.  S ix  hundred thousand 
acres have been hazard ra ted  on the K i sa t ch ie  
Nat ional  Forest  and the in fo rmat ion  i s  c u r r e n t l y  
being used, along wi t h  t r a d i t i o n a l  c r i t e r i a ,  t o  
se lec t  stands f o r  regenerat i  on and intermediate 
cuts. 

The same hazard r a t i n g  system, along w i t h  an 
annosus r o o t  r o t  hazard r a t i n g  system, i s  being 
implemented on 128,000 acres o f  the Ho l l y  Springs 
Nat ional  Forest  i n  Miss iss ipp i .  This cooperat ive 



Table 1.--Implementation o f  hazard ra t i ngs  f o r  SPB i n  the South 

S ta te  
Sys tem 

Developed by Techno1 ogy D i  rec ted  To 
Organizations Involved 

i n  Implementation 

Arkansas Ku 

A1 abama 

Georgia 

Mason/Hicks 
(Coastal P la i n )  
SaderlMi 11 e r  
(Piedmont) 

Be1 anger 

Hedden 

Louis iana L o r i o  

M iss i ss ipp i  L o r i  o 

Texas Mason/Hicks 

Small, p r iva te ,  non indus t r ia l  

Small , pr iva te ,  noni ndus t r i  a1 

Small, p r iva te ,  non indus t r ia l  

Ga. S ta te  Parks 

Nat ional  Forests 

Nat ional  Forest  

Small p r iva te ,  non indus t r ia l  
Indus t ry  

Templ e EasTex 

U. Arkansas-Monticel l o  
Arkansas Fores t ry  Corn. 

A1 abama Fores t ry  Comm. 

Southeast. For. Exp. Stn. 
Georg-i a Forestry Comm, 

Georgia Fores t ry  Comm 
Georgia Dept. Nat, Resources 
Clemson U. 

K i sa t ch ie  NF 
Southern For. Exp. Stn, 

Ho l l y  Springs NF 
Region 8-S&PF 

Texas Fores t ry  Serv. 
Stephen F. Aust in U. 

Templ e EasTex 
Stephen F. Aust in U. 

e f f o r t  between Region 8-State and P r i v a t e  information. Landform/drainage cond i t ions  were 
Forestry,  Southern Stat ion,  and Ranger D i s t r i c t  ex t rac ted  from 7 1/2 minute topographic maps. 
personnel wi 11 evaluate the d i f f e r e n t  ways t ha t  The r e s u l t i n g  40+ hazard maps were provided t o  
hazard ra t i ngs  and o ther  technologies can be used i ndus t r i  a1 1 andowners and cooperat i  ng State 
i n  the H o l l y  Springs D i s t r i c t ' s  ongoing preven- fo res ters  i n  the two-county area f o r  v e r i f i c a t i o n  
t i o n  and suppression a c t i v i t i e s .  of stand and hazard condi t ions.  More recent ly ,  

t he  resource informat ion on the maps has been 
Appl i c a t i o n  using a e r i  a1 photographs. d i g i t i z e d  and stored f o r  computer r e t r i e v a l  and 

App l ica t ions  o f  stand hazard ra t i ngs  t o  i a rge  updat ing as changes are reported from the var ious 
l a n d  bases, i n  the absence o f  ex1 s t i n g  stand ownerships. S ta te  and i n d u s t r i a l  fo res ters  are 
inventory  data, can be accomplished w i t h  a e r i a l  already using t h i s  new in fo rmat ion  t o  a i d  i n  
photographs (Mason e t  a1, 1981, Sader and M i l l e r  stand se lec t ion  f o r  harvest ing operations and, as 
1976). Gross l eve l  stand i d e n t i f i c a t i o n  su i t ab le  a r e s u l t  of harvest ing o r  th inning,  t o  lessen 
f o r  SPB hazard r a t i n g  can be acquired e a s i l y  from stand suscep t i b i  1 i t y  t o  SPB . 
small scale ( E 1:60,000) co lo r  i n f r a r e d  pho- 
tography, Detai  1 ed s i  t e  and t r e e  cond i t ions  
w i t h i n  stands may be added using l a r g e r  scale 
(1:12,000 t o  1:5,000) sampling o r  ground examin- 
a t ion .  

A two-county demonstration area (approximate- 
l y  1.5 m i l l i o n  acres) i n  east  Texas has been 
hazard ra ted  as a p a r t  o f  a l a r g e r  in tegra ted  pest  
management demonstration pro jec t .  Color i n f r a r e d  
1:60,000 scale photographs have been used t o  de- 
1 i neate stand boundaries. Supplemental 1 : 12,000 
c o l o r  i n f r a r e d  and black and whi t e  resource pho- 
tographs have been used t o  acquire necessary t r e e  

App l ica t ion  based on ground c ru i se  resu l ts .  
For  i n d i  v i  dual t r a c t s  o f  p a r t i c u l  a r  concern o r  
small ownerships, ground observers can make 
ons i t e  determinations o f  SPB hazard. A land 
managers model provides a simple qua1 i t a t i v e  
system t h a t  uses stand, t r e e  and s i t e  charac- 
t e r i  s t i c s  t o  rank stand suscepti  b i  1 i t y  t o  SPB 
a t tack  (Belanger e t  a1 , 1981). The system i s  
compatible w i t h  procedures used t o  develop f o r e s t  
management plans and i s  cu ren t l y  being used by 
Georgi a Fores t ry  Commi s s i  on f o res te rs  i n  the  
upper Piedmont o f  Georgia. 



I n  Arkansas, a hazard r a t i n g  system f o r  
short1 e a f / l  ob lo l  l y  p ine  types was developed f o r  
na tura l  stands on upland f l a t s  (Ku e t  a l .  1981). 
The key var iab les  are t o t a l  basal area, hardwood 
basal area, stand age, and r a d i a l  growth dur ing 
the  l a s t  10 years. The Arkansas Fores t ry  
Comiss ion  ass is ted  w i t h  the data c o l l e c t i o n  f o r  
model devel opment and has sponsored t r a i n i n g  
sessions f o r  management assistance fo res ters  on 
the  app l i ca t i on  and u t i l i z a t i o n  o f  the r a t i n g  
system. The fo res ters  w i l l  consider SPB hazard 
r a t i n g  i n  the development o r  r ev i s i on  o f  f o r e s t  
management p l  ans . 

Temple EasTex, Inc., a subsid iary o f  Time, 
Inc. and owners o f  1.1 m i l  1 i o n  acres o f  f o r e s t  
land i n  eas t  Texas, has i n i t i a t e d  SPB hazard 
r a t i n g  as a p a r t  o f  t he i  r stand evaluat ion a c t i  - 
v i t i e s .  The company re inventor ies  20 percent o f  
i t s  stands each year and i s  cu r ren t l y  i n  the  
second year o f  a 5-year reevaluat ion e f f o r t .  
Stand r a t i n g  i s  being incorporated i n t o  these 
a c t i v i t i e s .  Only s l  i g h t  mod i f i ca t ions  o f  opera- 
ti ona1 inventory  procedures were requi  r ed  t o  
ob ta in  p ine  basal area, t o t a l  t r ee  height, and 
landform in fo rmat ion  requ i red  t o  r a t e  i nd i v i dua l  
stands. The r a t i  ngs wi 1 1 a1 1 ow company fo res ters  
t o  consider the po ten t i a l  f o r  SPB losses i n  deve- 
l o p i n g  s i l v i c u l  t u r a l  p resc r i p t i ons  and i n  s e t t i n g  
c u t t i  ng p r i o r i t i e s  on company lands. 

Besides using the continuous inventory data 
which i s  a1 ready on l i n e  f o r  r a t i n g  stands, the 
K i  sa tch ie  Nat ional  Forest  fo res ters  are using 
f i e l  d data co l l ec ted  dur ing the stand prescr ip -  
t i o n  t o  update t h e i r  SPB hazard rat ings.  Fores t  
stands on the K i sa t ch ie  NF are re inventor ied  once 
every 10 years. Foresters w i l l  use those data i n  
the  same ways described under "App l ica t ion  based 
on e x i s t i n g  stand data" above. 

&nts f o r  responsib le persons, o r  s i ze  o f  land 
area t o  be ra ted  may fo rce  resource managers t o  
use f i e l  d c ru ises  as the only p r a c t i c a l  approach 
t o  hazard ra t ing .  However, t h i s  approach can be 
simp1 i f i e d  by s t r a t i f y i n g  stands from a e r i a l  pho- 
tographs, resource inventory data, o r  e x i s t i n g  
stand maps. 

Dur ing 1980-1981, th ree  Georgia State Parks 
( w i t h  a t o t a l  area exceeding 8,000 acres) were 
hazard ra ted  as p a r t  o f  an e f f o r t  t o  develop more 
e f f e c t i v e  management plans f o r  the park system. 
Stands were del i neated from ae r i a l  photographs 
(sca le  1:12,000) t o  de f ine  host  type and boun- 
dar ies  and t o  determine p l o t  numbers and loca-  
t i on .  Four f i e l d  p l o t s  were i n s t a l l e d  i n  each 
stand. Those stands exceeding 50 acres had one 
add i t i ona l  p l o t  added f o r  each 12.5 acres. F i e l d  
data acquired inc luded species composition, 
d.b.h., t r e e  height, r ad ia l  growth, bark 
thickness, and surface s o i l  depth. P l o t  averages 

were then determined and the stand r a t i n g  c lass  
assigned using Be1 anger 's  Piedmont system. Based 
on these rat ings,  mudi f i ed t imber management 
p lans were developed f o r  each park. 

A s i m i l a r  approach has been appl ied by the 
A1 abama Forestry Comi ssion. Twenty -two 
demonstration f o res t s  have been selected f o r  use 
i n promoti ng prevent ive management of SPB. 
Foresters use e x i s t i n g  forest- type maps t o  deter-  
mine number o f  p l o t s  requ i red  per f o r e s t  and t o  
p l  an t h e i r  most e f f i c i e n t  hazard r a t i n g  approach. 
The system developed by Sader and M i l  l e r  (1976) 
has been used on the Alabama Piedmont f higher 
e leva t ions)  and t h a t  o f  Mason e t  a1 . (1981) f o r  
the Coastal PI  a i n  ( lower e leva t ions) .  Both 
systems are being used by Serv ice Foresters and 
are required i n  a1 1 management plans developed 
f o r  p r i v a t e  non indus t r ia l  lands. Hazard r a t i n g s  
w i l l  soon be incorporated i n t o  the Fores t ry  
Commission's WOODPLAN computerized management 
ana lys is  program. The ra t i ngs  w i  11 provide addi - 
t i o n a l  c r i  t e r i a  on stand se lec t i on  f o r  prevent ive 
s i l  v i c u l  t u r a l  treatments, as we l l  as a means o f  
demonstrating the u t i l i t y  o f  r a t i n g  systems as a 
means o f  i d e n t i f y i n g  h i  gh-hazard stands o r  
s e t t i n g  p r i o r i  t i e s  f o r  su rve i l  1 ance o r  con t ro l  
throughout the State. 

EVALUATION AND INTERPRETATION 

Although there i s  a broad array o f  manage- 
ment ob jec t ives  and f o r e s t  cond i t ions  across the 
South, i t  has been demonstrated that ,  on a per-  
acre basis, most spots occur i n  high-hazard 
stands. A l a rge r  p ropor t ion  o f  t rees are k i l  l e d  
i n  these stands (Lo r i o  and Sommers 1981, Mason e t  
a l .  1981, Hicks and Mason 1982). Thus, the  major 
ob jec t i ve  i n  assembling a SPB stand hazard r a t i n g  
system f o r  any geographic area o r  ownership 
should be t o  develop an optimal balance between 
the  maximizing stand growth and y i e l d  and min i  - 
miz ing pest-caused losses. 

One should no t  judge the adequacy o f  a 
r a t i n g  system based on examination and r a t i n g  o f  
a few i n fes ta t i ons  w i thout  consider ing the  
ove ra l l  s i t u a t i o n  i n  an area and poss ib le  
ove r r i d i ng  factors.  Evaluat ion must inc lude the  
ranking o f  a r e l a t i v e l y  l a rge  number o f  stands 
and considerat ion o f  t o t a l  hazard c lass  s i ze  and 
d i s t r i b u t i o n ,  i n f e s t a t i o n  d i s t r i b u t i o n ,  and 
i n f e s t a t i o n  size. Judgment should be based on a 
comparison o f  spot occurrence and t r e e  m r t a l i t y ,  
resource value, and po ten t i a l  SPB reproduct ion i n  
s i m i l a r  s ized areas w i t h  and w i thout  i n fes ta -  
t ions .  I f  t h i s  approach i s  no t  taken, one should 
expect t o  f i n d  a l a rge  propor t ion  o f  i n f e s t a t i o n s  
i n  low- t o  moderate-hazard stands. This h igh  pro-  
p o r t i o n  o f  i n fes ta t i ons  i n  non-high r i s k  stands 
can r e s u l t  from factors known t o  over r ide  
s i  t e l s tand  cond i t ions  ( l  i gh tn ing  s t r i kes ,  i c e  
damage, 1 oggi ng o r  storm damage, areawi de drought 



o r  f lood ing ,  etc.) . One must a1 so be aware of 
h i  gh-hazard pockets i n  1 ow-hazard stands. A1 so, 
t he  number, d i s t r i b u t i o n ,  and propor t ion  o f  
i n f e s t a t i o n s  which occur i n  high-, moderate-, and 
low-hazard areas w i t  1 vary as SPB populat ion 
densi t i e s  increase and decl i ne (Mason e t  a1 . 
1981). When beet le  a c t i v i t y  i s  low, most 
i n f e s t a t i o n s  w i l l  occur i n  high-hazard areas. 
When bee t l e  a c t i v i t y  and populat ion pressures on 
stands increase, an increasing number o f  spots 
w i l l  occur i n  low and mderate-hazard stands. 

The most common approach t o  deal i ng wi t h  a 
sporadic bu t  serious pes t  l i k e  the SPB i s  t o  
respond t o  the c r i s i s  d i r e c t l y  on an ad hoc 
basi  s--of ten recogniz ing t h a t  long-term preven- 
t i v e  management would be u l t i m a t e l y  more e f f ec -  
t i ve .  Stand hazard r a t i n g  lends i t s e l f  we1 1 t o  
both long- and short-term needs. Stand cond i t i on  
may be considered i n  d i r e c t  cont ro l  by a id i ng  i n  
s e t t i n g  con t ro l  p r i o r i t i e s  and assessing outbreak 
and l oss  po ten t i a l  . I n d i r e c t l y  i t  a1 lows the 
manager t o  i d e n t i f y  and eval gate areas i n  need o f  
t reatment and t o  more e f f e c t i v e l y  moni tor  pes t  
a c t i v i t y  dur ing  endemic periods. Both approaches 
are necessary f o r  e f f e c t i v e  pes t  management 
operations. Stand r a t i n g  systems are a v a i l  able, 
benef i c i  a1 , and are bei  ng appl i e d  i n  progressive 
f o r e s t  management programs. 
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EVALUATION OF LOBLOLLY PINE THINNING REGIMES 
FOR REDUCTION OF LOSSES FROM SOUTHERN PINE BEETLE ATTACK- 

2 / Roy L. Heddew 

Abstract.--A computer simulation program was used to 
project expected losses from southern pine beetle attack. 
The effects of thinning and rotation length on the reduction 
of expected loss were evaluated. Thinning of stands will 
result in the reduction but not elimination of losses due 
to attack. Shortening of the rotation length will always 
result in reduced losses from infestation. 

INTRODUCTION 

The southern pine beetle (SPB-Dendroctonus 
frontalis Zimmerman) is a chronic pest of southern 
pines. Periodic outbreaks lasting up to three 
years have been recorded since 1882 (Thatcher 
1960). Recent outbreaks seem to be occurring 
more often and they seem to be of longer dura- 
tion. A key factor appears to be the avail- 
ability of susceptible hosts (Hedden 1978). In 
all regions of the South, the SPB prefers well to 
densely stocked, slow growing, pure pine stands 
(Belanger 1981). There are now more of these 
types of stands than ever before (Hedden 1978, 
Knight and McClure 1979, Murphy 1976). 

The dynamics of SPB infestation are com- 
posed of two distinct events; spot initiation or 
occurrence and spot growth or spread, In all 
areas, trees or stands weakened by disturbance 
such as lightning or logging are very suscept- 
ible to initial infestation. Other factors which 
predispose stands to attack are also related to 
low tree vigor, including disease, overstocking, 
overmaturity, etc. The amount of spot spread 
which occurs after an infestation becomes estab- 
lished appears to be related to the SPB level 
within the spot, physiological condition of the 
beetle population and density of pines in the 
stand (Hedden and Billings 1979; Schowalter et al. 
1981). More trees are killed in overstocked pine 
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stands in years when the SPB population is high 
than at any other time. 

Strategies for minimizing or preventing 
losses in pine stands must consider both initial 
spot occurrence and subsequent spot growth. If no 
or few spots occur within a stand, little loss 
will result. This situation will occur in the 
absence of stand disturbance and in the presence 
of vigorously growing pines. Moreover, if stand 
density is low, subsequent loss due to spot growth 
will be minimum even if an infestation does become 
established. 

Thinning of pine stands is one strategy sug- 
gested for minimizing or preventing loss due to 
SPB attack (Belanger 1981). Thinning should 
reduce stand susceptibility to attack by increas- 
ing tree vigor. The presence of rapidly growing 
trees will inhibit the build up of within spot 
SPB populations even if one or a few trees are 
attacked. Thinning will also increase inter-tree 
distances which reduce the amount of infestation 
spread following initial attack (Gara and Coster, 
1968). 

Unfortunately, there are few studies specifi- 
cally designed to evaluate thinning for preventing 
or reducing losses from SPB attack. There are 
several reasons for this lack of experimental evi- 
dence. The probability of an infestation occurring 
in a stand is low, even in years of high SPB popu- 
lation level. For instance, during 1976 in east 
Texas when the highest SPB population ever, was 

tural Research Conference, Atlanta, Georgia, recorded, a 100-acre pine stand had only a 2 out 
November 4-5, 1982. The work reported herein of 10 chance of having a single infestation. Thus, 
was funded in part by a USDA Forest Service in order to directly evaluate thinning as a 
sponsored project entitled "Integrated Pest strategy, many paired thinned and unthinned stands 
Manag2~ent of Bark Beetles of Southern Pines." would have been required, Moreover, SPB popula- 

- Associate Professor, Department of tions rarely remain at such high levels for long, 
Forestry, Clemson University, Clemson, SC 29631. and as population level declines so does the 



probability of infestation (Reed et al. 1982). 
Any direct test of thinning must, therefore, be 
of long duration. Unfortunately, few researchers 
have either the patience, support, or opportunity 
to implement and carry out such long-term experi- 
ment s . 

An alternative, but less direct approach, is 
to use a computer simulation to evaluate thinning 
as a strategy to prevent damage from SPB attack. 
mile this approach is less desirable than a 
direct experimental test, it does not depend on 
the vagaries of beetle populations, nor is a 
large land area or high level of funding prereq- 
uisites for success. The results presented in 
this paper are based upon this approach. SPB 
damage simulation was used to evaluate the effects 
of thinning to reduce losses from beetle attack. 
In addition, the effect of different rotation 
lengths in both thinned and unthinned stands on 
expected loss were also examined. 

EXPECTED LOSS 

SPB infestation dynamics consist of two 
events, spot occurrence and spot spread. For 
purposes of this study, spot occurrence is 
defined as the probability of an infestation 
occurring in a stand. Spot spread is the number 
of trees killed after an infestation becomes 
established. Therefore, expected loss is the 
product of spot occurrence and spot spread. 
Expected loss can be expressed in terms of 
volume, dollar value, etc., but for the purpose 
of this paper, it is defined as the expected 
number of trees killed. 

DAMAGE SIMULATION 

The damage simulator used in this study is 
a computer program consisting of several sub- 
models. It is used to stochastically generate 
expected losses for forest stands in the Piedmont. 
The most important components of the program are 
a spot growth model and a function to predict the 
probability of an infestation occurring. The 
spot growth model is a regression equation for 
predicting the number of trees killed per day 
(Hedden and Billings 1979). The probability 
model is a logistic function which generates the 
probability of an infestation occurring per acre 
(Hedden, unpublished). 

In this study, the program is used to simu- 
late expect& losses in planted loblolly pine 
stands in the Piedmont, Originally, the program 
was developed and validated for natural pine 
stands in the Gulf Coastal Plain. For more 
detailed information about the program, please 
contact the author. 

Input necessary to run the program for Pied- 
mont plantations is: 

-- forest type (shortleaf or other), 
-- clay content of the surface soil (less or 

greater than 28 percent), 
-- landform (steep side slope or other), 
-- radial growth in the last five years, and 
-- basal area per acre (pine + hardwood). 

The simulation is run 100 times for each year for 
which data has been input. 

Output for each stand simulated is: 

-- average probability of an infestation 
occurring per acre per year, 

-- mean number of trees killed in a spot if 
an infestation does occur, and 

-- average expected number of trees killed 
per acre per year. 

The absolute values of expected loss gener- 
ated for planted stands in the Piedmont may be 
biased. However, when comparisons are made between 
either thinning regimes or different rotation 
lengths, percentage differences are used. The 
magnitude of differences in expected loss are 
probably representative of changes which would 
actually occur. 

SOURCE OF DATA 

The data used in this study are from three 
series of .25 or .10 acre permanent plots estab- 
lished in young loblolly pine plantations on the 
Clemson Experimental Forest (Goebel et al. 1974). 
Trees in series I plots were planted in 1937 at 
spacings of 6 x 8 feet. Series I1 plots were 
planted in 1938 at a spacing of 6 x 7 feet, while 
series I11 plots were planted at 6 x 6 feet in 
1940. Series I plots were thinned at ages 12, 
21, 26, and 34 years. Series I1 plots were 
thinned at 13, 18, 20, 24, 33, and 41 years of 
age. Series I11 plots were thinned five times at 
ages 16, 20, 24, 30, and 39, 

For purposes of this study, an unthinned con- 
trol and a paired thinned plot were chosen from 
each series. The thinned plot from series I had 
been cut to a residual basal area per acre of 
81 square feet at each thinning, while plots from 
series I1 and I11 were thinned to average basal 
areas of 84 and 104 square feet per acre, respec- 
tively. The average site index (25 year base) for 
series I and 11 plots was 51 feet, Average site 
index for the series I11 plots was 55 feet. All 
of the plots are located on clay surface soils 
with little or no slope. 

SIMULATION RESULTS AND DISCUSSION 

Results relating to the effect of rotation 
length on expected loss will be presented first, 
followed by the results of the effect of thinning 
on the reduction in the number of expected trees 



killed, All of the simulations began at age 10 
and continued until the specified rotation age. 
Simulations were started at age 10 because 
stands younger than this are rarely attacked by 
the SPB. 

Rotation Length Effects 

In the unthinned plots, the expected number 
of trees killed was always lower for short rota- 
tions as compared to longer periods (Table 1). 
Expected loss increased while the percentage 
reduction in loss decreased linearly with length 
of the rotation. 

Table 1. Expected number of trees killed per 
acre (ELOSS) and reduction in loss as a per- 
centage of ELOSS for the longest rotation 
(PLOSS) in the unthinned plots. 

Plot Rotation ELOSS PLOS S 
series age (treeslacre) (X) 

In all series, shortening the rotation 
lengths dramatically reduced expected losses. 
For each year that the rotation was shortened, 
there was approximately a three percent reduction 
in expected loss. In addition to the decline in 
expected loss, the average probability of spot 
occurrence also dropped. 

For similar rotation lengths, expected loss 
was generally lowest in plot series I and highest 
in plot series 111. Values for the series 11 
plot were intermediate. Interestingly, these 
trends follow the initial planting densities 
closely; series I plots were planted at a density 
of 908 trees per acre while series I1 and I11 
plots were planted at densities of 1037 and 1210 
trees per acre. 

Table 2. Expected number of trees killed per 
acre (ELOSS) and the reduction in loss as a 
percentage of ELOSS for the longest rotation 
(PLOSS) in the thinned plots. 

Plot Rotation ELOSS PLOSS 
series age (treeslacre) (2) 

In all cases, thinned or unthinned, shorten- 
ing the rotation length reduces losses from SPB 
attack. This reduction is due to the stand being 
subjected to potential infestation for fewer years, 
and due to a younger stand being generally more 
vigorous (greater radial growth) than an old stand. 
Very young stands also tend to have lower stand 
densities than comparable older unthinned stands. 
All of these factors together result in younger 
stands suffering lower levels of damage from SPB 
attack than older stands. 

Thinning Effects 

Projected expected losses on a per acre basis 
were always lower for the thinned plots than for 
the paired unthinned plots at similar ages. The 
probability of infestation and the number of trees 
killed if a spot did occur were also lower for the 
thinned plots. Table 3 shows the percent reduction 
for each of these variables at various rotation 
ages. 

There was a greater reduction in expected 
loss due to thinning in plot series I1 than for 
either series I or I11 plots. This result is due 
to the greater frequency of thinning in the 
series 11 plot. This plots was thinned six times 
at an average interval of six years beginning at 
age 13. Neither of the plots in series I or 111 
was thinned with the same intensity as series 
plot 11. 

Results for the thinned plots were very 
similar to those obtained for the unthinned 
plots (Table 2). 



Table 3. Percent reduction in expected loss 
(ELOSS) , probability of infestation (PINF) , 
and number of trees killed per infestation 
(TKILL) in the thinned plots when compared 
to the paired unthinned plots at similar 
ages. 

Plot Percent difference 
Plot age ELOSS PINF TKILL 
series (yrs. (XI (XI 

In the Piedmont, management objectives 
associated with thinned and unthinned stands are 
usually different. Thinned stands are generally 
managed for sawtimber (large diameter stems) while 
unthinned stands are usually managed for pulpwood 
(total fiber yield). This difference usually 
results in a stand managed for sawtimber having a 
longer rotation length than an unthinned stand 
managed for pulpwood, assuming that both stands 
are planted at the same initial density and on 
similar sites. Therefore, comparison of thinned 
and unthinned stands at the same age may not be 
appropriate. Table 4 contrasts expected losses 
for the thinned and unthinned plots at various 
ages. When the rotation length for the thinned 
plots is ten years longer than for the unthinned 
plots, projected expected loss is almost always 
greater for the thinned plots. However, when the 
rotation age for the thinned plots is extended 
only five years then losses in the thinned plots 
are usually less than expected loss in the 
unthinned plots. 

The figures for expected loss presented in 
Table 4 are expressed in number of trees killed 
and, therefore, do not accurately represent 
potential value loss. Usually the average 
value of a tree in a thinned stand at the end 
of the rotation will be greater than the value 
of a tree in an unthinned stand at harvest. This 
difference is due to trees of large diameter 
having greater value than small trees. Therefore, 
even though the expected number of trees killed 
may be greater in unthinned stands, the actual 
value loss in thinned stands may equal or exceed 
that in unthinned stands. 

Table 4 .  Expected number of trees killed per 
acre (ELOSS) for contrasting rotation ages 
for thinned and unthinned plots. 

Unthinned Thinned 
Plot age ELOSS age ELOSS 
series (vise ) (treesfacre) (vise 1 (treeslacre) 

This increase in value loss must be viewed 
against the total cash flow associated with a par- 
ticular forest management regime. Even though the 
value loss may be greater in the thinned stand 
managed for sawtimber, the total discounted cash 
flow for this regime may be up to 50 percent greater 
than for the same initial stand if it had been 
managed for pulpwood. Thus, any increase in value 
loss due to SPB attack may be more than offset by 
the increase in the net present value from managing 
for sawtimber. However, the financial advantages 
of sawtimber management are primarily due to the 
difference in sawtimber and pulpwood stumpage 
prices. If the value of pulpwood stumpage 
increases relative to sawtimber, losses from SPB 
attack may make a sawtimber regime less attractive 
than a pulpwood regime. 

Decisions on thinning should be based upon the 
landowner's objectives. As previously mentioned, 
thinning in the Piedmont is usually associated with 
management of sawtimber stands. The net result of 
thinning is normally a reduction of the rotation 
length over that of unthinned stands managed for 
the same product. Thinned loblolly pine stands 
will reach sawtimber size in under 35 years whereas 
unthinned stands require 40 to 50 years to attain 
the same size. Other benefits of thinning include 
increased growth of residual trees, improvement in 
product quality and early return on investment. Of 
these benefits, shortening the rotation length and 
increasing tree growth (vigor) will result in a 
reduction of loss due to SPB attack. Thinned 
stands will be exposed to attack for shorter 
periods of time, and they will be more vigorously 
growing (less susceptible to attack) during this 
period. 



CONCLUSIONS 

In order to minimize losses from SPB attack, 
the goal should be to maintain healthy, vigorously 
growing pine stands. Thinning, when properly 
executed, is a potential tool to accomplish this 
objective. Thinning, however, is not a panacea. 
Losses from SPB attack will occur in thinned 
stands. These losses will probably be concen- 
trated in the years near the end of the rotation 
period; however, the magnitude of these losses 
will be less than for an unthinned stand being 
managed for the same product. Regardless of the 
product being managed for, shortening of the 
rotation length will always result in reduced 
losses from SPB infestation. 
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IMPACT OF THINNING ON HOST SUSCEPTIBILITY 1' 

3 1 T. Evan ~ e b e k e r ~ ' ,  David H. H o e h r i n g f  , John D. Hodges- , 
2 1 Mark W. I3rownL' and Cata l ino  A. Blanche- 

Abstract.--Changes i n  h o s t  condi t ion  (v igor )  a r e  due i n  
p a r t  t o  t h i n n i n g  r e l a t e d  d i s tu rbances .  Using growth a s  an 
i n d i c a t o r  of v igor  we observed a  decrease  i n  growth which 
was r e l a t e d  t o  t h e  i n t e n s i t y  of t h e  d i s tu rbance .  Thinning 
i n f l u e n c e s ,  d r a m a t i c a l l y ,  t h e  environment i n  a  p o s i t i v e  
manner f o r  t h e  r e s i d u a l  stems and some p e s t  s p e c i e s  bu t  i n  a  
nega t ive  manner f o r  o t h e r  p e s t  spec ies .  U t i l i z i n g  t o t a l  
r e s i n  flow and r e l a t i v e  v i s c o s i t y  i t  was observed t h a t  t r e e s  
b a s a l l y  s c a r r e d  expressed a  r e l a t i v e  decrease  i n  suscep t i -  
b i l i t y  t o  bark  b e e t l e  a t t a c k .  Thinning,however,provides 
resources  f o r  o t h e r  p e s t  and p o t e n t i a l  p e s t  organisms i n  t h e  
sou thern  f o r e s t  ecosystem. 

INTRODUCTION 

I n  genera l ,  sou thern  p i n e  b e e t l e  (Dendroctonus 
f r o n t a l i s  Zimm.) i n f e s t a t i o n s  occur  i n  slow grow- 
i n g ,  overstocked p ine  s t a n d s  where i n d i v i d u a l  t r e e  
v igor  and r e s i s t a n c e  t o  a t t a c k  a r e  low (Hicks e t  
a l . ,  1980, Ku e t  a l . ,  1980). Thinning i s  being 
r e c o m n d e d  t o  reduce s t a n d  s u s c e p t i b i l i t y  t o  
sou thern  p i n e  b e e t l e  a t t a c k .  The r a t i o n a l e  being 
t h a t  t h i n n i n g  w i l l  decrease  competi t ion and s t r e s s  
w i t h i n  t h e  s tand ,  thus  i n c r e a s i n g  v igor  and 
r e s i s t a n c e  of t h e  i n d i v i d u a l  tree. Treatments 
t h a t  a r e  n o t  c a u t i o u s l y  a p p l i e d  may c r e a t e  
c o n d i t i o n s  conducive t o  o t h e r  p e s t s  o r  a l t e r  
environmental f a c t o r s  t h a t  may o f f s e t  any b e n e f i t s  
of th inn ing  (Belanger, 1979). Some of t h e  post-  
th inn ing  concerns i n  sou thern  p i n e  s t a n d s  inc lude  
Ips spp. (engraver b e e t l e s ) ,  11. t e r e b r a n s  (Oliv.)  
(black t u r p e n t i n e  b e e t l e ) ,  Heterobasidium 
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S i l v i c u l t u r a l  Research Conference, A t l a n t a ,  
Georgia, November 4-5, 1 9 E .  P a r t i a l  support  
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r e s p e c t i v e l y ,  Department of Entomology, 
M 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 ,  

39762 3' Professor  (deceased) and Professor  , respec- 
t i v e l y ,  Department of F o r e s t r y ,  M i s s i s s i p p i  S t a t e  
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annosum (Fr .)  Bref .  (=Fomes annosus (Fr . )Cke.) ,  
o t h e r  s o o t  and stem d i s e a s e s ,  r o o t  breakage, s o i l  
compaction, and windthrow t o  mention a  few, I n  
a d d i t i o n ,  c o n d i t i o n s  might i n f l u e n c e  t h e  popula t ion  
bu i ld -up  of such s p e c i e s  a s  t h e  p a l e s  weevil 
( ~ ~ l o b i i s  p a l e s  @I e r b s t )  ) a probiem i n  r e g e n e r a t i o n  
a r e a s  along w i t h  i n s e c t  s p e c i e s  capable of t ransmi t -  
t i n g  t h e  p i n e  wood nematode (Bursaphelenchus 
xy lophi lus  ( S t e i n e r  & Buhrer)Nickle) ,  t h e  c a u s a l  
organism of t h e  p ine  w i l t  d i s e a s e .  Growth l o s s e s  
o r  p roduc t ion  l o s s e s  r e s u l t i n g  from t h e s e  f a c t o r s  
have no t  been q u a n t i f i e d  f o r  t h e  South, bu t  i n  
o t h e r  f o r e s t  reg ions  l o s s e s  exceeding 10 percen t  
have been a t t r i b u t e d  t o  thinning-caused s tand  and 
s i t e  damages (Froeh l ich ,  1976). 

I n  o r d e r  t o  understand and e s t i m a t e  what 
impacts th inn ings  have on t h e  s t a n d  and i n d i v i d u a l  
t r e e s  i t  w i l l  be t h e  i n t e n t  of t h i s  paper t o  
explore:  (1)  hypotheses concerning hos t  v i g o r /  
i n s e c t f t h i n n i n g  i n t e r a c t i o n s  j o i n t l y  and s e p e r a t e l y ,  
(2)  t h e  changes i n  hos t  c o n d i t i o n  (v igor )  a s  
r e l a t e d  t o  th inn ing  o p e r a t i o n s  o r  s imulated 
t h i n n i n g  d i s t u r b a n c e s ,  and (3)  f i n d i n g s  and a  
r e s u l t i n g  conceptual  view of th inn ing  o p e r a t i o n s  
on p e s t  popula t ions .  

HOST VIGOR - GROWH 

Host v i g o r ,  a s  measured by growth, may d e c l i n e  
immediately fol lowing th inn ing .  From s t u d i e s  on  
t h e  John W. S t a r r  Memorial F o r e s t ,  M i s s i s s i p p i  
S t a t e  Univers i ty ,  Nebeker (1980 unpublished) 
found growth d i f f e r e n c e s  i n  r e l a t i o n  t o  i n t e n s i t y  
of th inn ing .  Hughes' (1981 unpublished) s t u d i e s  on 



these  same p l o t s  described the  mount of growth 
l o s s  a s  a funct ion  of d is tance  from a r u t  and 
depth of ru t .  Figure 1 i l l u s t r a t e s  t he  volume 
lo s s  f o r  3 d i f f e r e n t  r u t  depths. Hence, i t  can 
be concluded t h a t  t he  r a t e  and dura t ion  of  decreased 
growth is a function of may fac tors .  The p r inc ipa l  
f a c t o r s  being r e l a t e d  t o  t h e  amomt and i n t e n s i t y  
of s i t e  - and stand - disturbances caused by the  
thinning operat ion.  Some of t he  main f a c t o r s  a r e  
t he  amount of s o i l  compaction, root  breakage, 

Yo Volume 
g m t h  loss 

Depth of 
skid rut, ins. 

Distance k skid rut, fed 

Figure 1.  Growth l o s s  i n  r e l a t i o n  t o  skidding - 
caused s o i l  damage ( ru t t i ng )  on the  John W. 
S t a r r  Memorial Forest  a f t e r  Hughes (1981 
unpublished) . 

bole s ca r r ing  and damage t o  t he  r e s idua l  stems 
tha t  takes place a t  a given point  i n  time. This 
concept i s  presented i n  f i gu re  2. Here we see  
t h a t  i f  thinning takes p lace  ea r ly  i n  t he  period 

I I I 

TIME 

Figure 2.  Conceptual view of decreasing growth 
a s  a function of time and amount of disturbance 
associated with thinning.  

a f t e r  a decreased growth r a t e  is  observed, say  a f t e r  
crown c losure ,  two d i f f e r e n t  i n t e n s i t i e s  of damage 
can cause d i f f e r e n t  response t i m e s  but t r e e s  w i l l  
evenuta l ly  r e t u r n  t o  near t he  maximm growth r a t e  
observed p r i o r  t o  t he  decrease r e s u l t i n g  from stand 
competiton, However, i f  thinning is delayed and 
s imi l a r  amounts ( i n t ens i ty )  of s i t e  and stand 
disturbances occur t he  growth responses a r e  much 
slower (reduced even more and f o r  a grea ter  du ra t ion ) ,  
Also, t he  growth r a t e  does not r e tu rn  t o  o r  approach 
r a t e s  observed f o r  e a r l i e r  thinnings.  

Conceptually, even though growth r a t e s  may 
decrease,  t he  a l t e r a t i o n  i n  host- and environmental- 
condit ions fol lowing thinning u l t imate ly  increases  
r e s i s t ance  t o  pes t  a t t ack ,  pr imar i ly  bark bee t l e s .  
This concept is presented i n  f i gu re  3 .  Here 

Figure 3. Conceptual view of t he  r e l a t i onsh ip  
between host- and environmental-condition (arid 
t he  r e s u l t i n g  r e l a t i v e  population required t o  
successfu l ly  colonize a t r e e .  

environmental condit ions a r e  considered i n  terms 
of what is  favorable f o r  bark b e e t l e  populations 
not  from the  indiv idual  t r e e ' s  point  of view. 
That is  t o  say t h a t  a f t e r  thinning the  enviroment 
within t he  s e t t i n g  is l e s s  favorable f o r  bark 
bee t l e s ,  but more favorable f o r  t he  r e s idua l  stems 
because of t he  decrease i n  competition. Bark 
bee t l e s ,  i n  p a r t i c u l a r  t he  southern pine b e e t l e ,  
a r e  more f requent ly  associa ted  with dense stands.  
Consequently, i t  takes  a higher population i n  t he  
area  t o  successfu l ly  a t t a c k  t r e e s  i n  thinned s tands ,  
where t he  hos t s  a r e  i n  good condit ion,  than i n  an 
unthinned high basa l  a r ea  stand where host  condi t ion  
is poor. Host condit ion,  a s  used here,  may be 
assessed by such cha rac t e r i s t i c s  a s  amount of 
r e s i n  flow f o r  a spec i f ied  time period,  r a t e  of 
flow and v i scos i ty  a s  i den t i f i ed  by Hodges e t  a l .  
(1979). 



CWANGES IN HOST C0NI)ITION AS RELATED TO 
THINNING D M G E  

During 1981 we initiated several studies 
looking at the influence of thinning related 
dmages to the tree, with the goal of determining 
if the residual stems were placed in a position 
of increased vulnerability and, if so, how, 
Hence the discussion here will be related to 
observations from these on-going studies and 
general observations from visits to numerous 
thinning operations throughout the south. 

Let us first describe an experiment where 
we attempted to simulate various intensities of 
thinning damage in 2 loblolly pine stands on the 
John W. Starr Memorial Forest. The stands we e 5 thinned to basal areas of approximately 90 ft . 
Within the stands the residual stems received 
one of six treatments as outlined in Table 1. 
Trees were 11 or 14 yrs and residual stems ranged 
from 5 to 10 inches DBH. Basal scarring was 
accomplished utilizing hand knives. Root pruning 
was done with the aid of a Ditch Witch. 

Table 1, Simulated thinning damage treatments 
on the John W. Starr Memorial Forest - 1982. 

Number Receiving 
D e s c r i p t i o n  Treatment (n) 

! !Cortrul) C o n t r o l  75 
2 ( R l )  Roots pruned on I s i d e  25 
3 (R2) Roots pruned on 2 s i d e s  25 
4 (s) Basal  Scar  25 
5 (SR1) 2 + 4  25 
6 (SRZ) 3 + 4  2 5 

Root Prune = width of canopy on t r e a t m e n t  s i d e  x 1 f t  deep. 
- Trenrh  dug wi th  a Di tch  Witch 1 E t  from t h e  t r e e s  base .  

B a s a l  S c a r  = 1/4 bole  c i rcumference  x 1.5 f t  i n  h e i g h t .  

The following information was recorded for 
each residual stem prior to treatment and/or after: 
total height, height to first live limb, diameter, 
growth (last year, last 5 years, and last 10 years), 
electrical resistance, total resin flow for 8 hours, 
initial rate of flow, rate of ball fall (relative 
viscosity), oleoresin exudation pressure, and 
monoterpene levels. In addition stem maps were 
prepared to indicate the location of the various 
treatments and other information deemed necessary. 
Heights were measured with a Suunto. Growth was 
determined from cores, extracted with an increment 
borer and measured in the laboratory under a 
dissecting microscope. Electrical resistance was 
rneasured with a Shigometer. Total resin flow was 
determined by inserting a piece of glass tubing 
ca. 0.5 inches (1.27 cm) into the tree, penetrating 
the xylem. The tubing was 9 trim outside diameter 
with a 2 nrzn inside diameter opening. Resin was 
allowed to flow through this tube and accumulate 
in a pipette for 8 hrs. Relative viscosity was 
determined by dropping a perfectly spherical 
aluminum ba11,0.0625 mm,in diameter into the resin 
contained in the collecting pipette. Since the 

measurements being compared were made within a 
few days of each other and under similar environ- 
mental conditions, corrections for temperature 
were not made for these relative measures. 
Oleoresin exudation pressure was determined by 
inserting manometers into the tree through at 
least two annual rings. The manometers were made 
from glass tubing 2.5 min outside diameter, 1 mrn 
inside diameter and 150 mm in lenght. The tubing 
was sealed on one end. 

In a previous study (Hodges et al., 1979) it 
was concluded that trees more resistant to bark 
beetle attack had: (1) greater total flow for a 
given time period, (2) greater viscosity, and 
(3) a higher rate of crystallization. Due to 
changes in methodology in this experiment the rate 
of crystallization was not determined. However, the 
other two were, including chemical analysis of the 
total monoterpene (mg/100 mg) in the oleoresin. 
Results of this work are presented in Tables 2-5. 

Table 2. Mean monoterpene content (mg/100mg 
oleoresin) with respect to treatment during 
1982. 

Treatment April May July 

Control 32.37 30.57 30.32 
R1 3 1.32 29.45 31.22 
R2 31.32 30.78 32.88 
S 30.04 29.67 35.20 

5Kl 32.71 33.84 31.92 
SKZ 33.43 30.55 $3.55 

April = Pret re- i tmrnt  
May-.lul y = Post t rea tment  

Table 3. Results of analysis of variance consider- 
ing variables potentially useful in identifying 
host condition-vigor as a function of month and 
treatment 1982. 

V a r i a b l e  F a r t o r  S i g n i f i c a n c e  

O l e o r e s i n  Exudat ion  
P r e s s u r e  

Honth 
Treatment 

E l e c t r i c a l  R e s i s t a n c e  Wor~th 
Treatment  

Res in  Flow Rate  
(Max. ) 

T o t a l  Flow 

R e l a t i v e  V i s c o s i t y  

Honth 
Treatment  

:4u11th 
Treatment  

:40n t h  
Treatment  

** = 0.01 l e v e l  
* = 0.05 l e v e l  
N. S. = non s i g n i f i c a n t  



The total monoterpene content did not change 
with respect to time nor treatntent (Table 2). 
The greatest increase, however, being noted in 
trees receiving only the basal scarring. Of the 
other potential vigor indicators we see in Table 
3 that only total flow and relative viscosity are 
influenced by treatment. This was not totally 
unexpected because of previous experience. The 
next step was to determine in what direction, i.e. 
greater flow or less, greater relative viscosity 
or less, the change occurred in relation to the 
controls. Hence multiple range tests were 
conducted. The results are presented in Tables 
4 and 5. With respect to total flow there were 
no differences prior to treatment (April) among 
the trees assigned to the various treatments. 
Imediately following treatment (May) the only 
significant difference was between the controls 
and those scarred and root pruned on one side. 
During July significant differences were observed 
between the control and those which were basally 
scarred (Table 4). This could be a direct 
response to the wounding resulting in increased 
resin production. 

Table 4 .  Mean total resin flow (mlf8 hrs.) per 
treatment - 1982. 

-- 

Treatment -.Ex.- 
Control  1.92 1.00 2.51 

R I 1.86 1.38 3 .13  

Apri l  = Pretreatment  
May-July = Post t reatment  

Relative viscosity was not significantly 
different between treatments during April (pre- 
treatment) and May (imxnediately following treatment). 
However significant differences between the 
scarring treatment, scarring plus root pruning on 
two sides and the controls were evident during 
July (Table 5). At present no explanation is 
offered because the monoterpene analysis is 
incomplete. As noted in Table 2 no differences 
in total oleoresin monsterpenes were evident. 

Table 5. Mean relative viscosity (seconds/m) of 
loblolly pine resin - 1982. 

Treatment & July 

Control 1.142 I .  282 i.847 

S R 2  1.600 2.047 3.182 ** 

Apri l  = Fretre.?tment 
May-July - Posttreatment 

The increases in total flow and relative 
viscosity are opposite what was expected, based on 
Hodges et al. (1979) results for moisture stressed 
trees, In the latter case decreases were observed. 
Traditionally it has been assumed that stressing a 
tree will decrease its resistance (vigor) and 
ultimately result in greater susceptibility to pest 
attack. From the above what might we suggest 
concerning host vigor as it relates to thinning 
related disturbances? It appears from this study 
that host vigor, using the measure of total flow 
and relative viscosity, is increased as a result 
of thinning related damage. This concept is 
presented in figure 4. The increased resistance 
may be short lived and dependent on the intensity 
of the response to the level of disturbance. The 
level of response, changes in total flow and 
relative viscosity appear inversely related to the 
relative growth response as presented in figures 1 
and 2 and opposite in response to those resulting 
from water stress. It suggests that the residual 
damaged stems are more vigorous and more resistant 
to attack than undamaged residual stems. However, 
these damaged trees may be more susceptible to 
stressful environmental conditions, which were not 
encountered in the study, and under such conditions 
may not fare as well as the undamaged trees. 



T O T A L  FLOW or VISCOSITY 

I 
TIME 

Figure 4.  Relative changes i n  host  v igor ,  using 
t o t a l  r e s i n  flow and r e l a t i v e  v i scos i ty ,  
following thinning r e l a t e d  disturbances.  The 
d i r e c t i o n  and dura t ion  of t h i s  response is  not 
known and indicated by the  dotted l i n e s  and 
arrows. 

RESOURCE AVAILABILITY AND PEST 
RELATED MORTALITY 

Conceptually t he  r e l a t i onsh ip  between 
resources and mor ta l i ty  due t o  Ips spp, and pine 
w i l t  d i sease  is  presented i n  f i gu re  5. This is 
a r e s u l t  of some 13 months of observation follow- 
ing  precommercially-, commercially- and experi- 
mental plot- thinnings.  P r io r  t o  thinning,  the  
resource frequently u t i l i z e d  by bark bee t l e s ,  i n  
p a r t i c u l a r  Ips spp. is somewhat constant  but a s  
t he  stand begins t o  age the  resource begins t o  
increase  through various types of na tu ra l  damage, 
i . e .  the  stand begins t o  break up. A s  t h i s  happens 
add i t i ona l  reproductive h a b i t a t  is provided f o r  

spp. and those spec ies  of i n sec t s  car ry ing  the  
pine wood nematode. Once the  dec is ion  t o  t h i n  is  
made and thinning takes  place t he  resource f o r  
these  spec ies  begins t o  increase  exponential ly,  
l eve l ing  once the  maximum production of t he  
thinning crew is reached. Assuming the  same l e v e l  
of production is maintained, t he  amount of resource 
f o r  t he  various mor t a l i t y  agents w i l l  remain 
somewhat cons tant ,  Since the  s l a s h  mater ia l  is 
s u i t a b l e  f o r  Ips spp, reproduction a s  wel l  a s  f o r  
t he  spec ies  carrying t h e  pinewood nematode, t he  
mor ta l i ty  due t o  Ips decreases,  however,the 
mor ta l i ty  due t o  pine w i l t  d i sease  increases  a s  
shown i n  f i gu re  5. The primary reason f o r  t h i s  
t rend is t h a t  t he  IJS- population is  being 
absorbed by the  s l a sh .  But t he  adu l t s  of i n s e c t s  
car ry ing  the  pine wood nematode feed on the  
t i s s u e s  of t he  r e s idua l  stems and subsequently t he  
pine wood nematode is  introduced i n t o  t he  r e s idua l  
stems. The nematode reproduces rapid ly ,  tak ing  
only approximately 4 days t o  complete a generat ion.  
From our observations 72% of t he  dead t r e e s  with 

no bark b e e t l e  a t t acks  were infec ted  and cause of 
death was a t t r i b u t e d  t o  t he  pine w i l t  d isease .  
P r io r  t o  thinning no t r e e s  were observed with t he  
pine w i l t  d isease .  Hence the  r e l a t i v e  l e v e l  of 
mor t a l i t y  due t o  t h i s  d isease  i n  t he  thinned s e t t i n g  
is  higher than was observed p r i o r  t o  thinning. 

Figure 5. Conceptual r e l a t i onsh ip  between resource 
a v a i l a b i l i t y  and susequent mor ta l i ty  t o  t he  
r e s idua l  s tand  following thinning.  

A s  thinning l e v e l s  decrease and resource 
a v a i l a b i l i t y  decreases t he  mor t a l i t y  due t o  Ips 
spp.,begins t o  increase.  Given a s i t u a t i o n  where 
thinning ceases abruptly i n  an a r ea  a s  depicted i n  
f i gu re  5 mor t a l i t y  t o  t he  r e s idua l  stems would 
increase  dramatical ly.  This is t r u e  for  a number 
of bark b e e t l e  species where windthrow and t r e e  
p a r t s ,  i.e, s l a sh ,  serve a s  t he  prefer red  h a b i t a t  
t o  reproduce i n ,  When the  prefer red  resource is 
no longer s u f f i c i e n t l y  ava i l ab l e  t o  absorb the  
populat ion then the  r e s idua l  s tanding stems become 
foca l  poin ts  of co loniza t ion .  The d i s t r i b u t i o n  
of t he  s l a s h  a l s o  has an important bearing on the  
amount of mor ta l i ty  t o  t he  r e s idua l  stems. We have 
observed t h a t  when the  tops a r e  p i l ed  near a 
r e s idua l  stem, verses  being sca t t e r ed ,  t he re  is  a 
higher p robab i l i t y  t h a t  those stems w i l l  be a t tacked 
by the  emergirg Ips population. An i n t e r e s t i n g  no te  
i n  our observations is t h a t  those t r e e s  t h a t  were 
basa l ly  scar red  were not  a t tacked by Ips. Hor t a l i t y  
due t o  occurred only i n  non-scarred stems. The 
black turpent ine  bee t l e  and the  coneworm 
(Dioryctr ia  spp.) were observed a t tacking  t h e  
scar red  t r e e s  but no mor t a l i t y  has been recorded 
t o  da te .  
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R. P. Belanger, J. F. Godbee, T. Miller, and R. S. web&/ 

Abstract.--Fusiform rust and the southern pine beetle are 
the most widespread and destructive forest pests in the 
southern pine forests. Salvage cutting is a means of reduc- 
ing losses to this insect and disease in merchantable stands. 
Establishing treatment priorities, scheduling, marking guide- 
lines, and harvesting systems for salvage operations are dis- 
cussed in relation to stand characteristics and the extent of 
damage. Stand disturbance and related pest problems are the 
risks associated with salvage cutting. 

A recent survey of forest industries in the 
South ranked fusiform rust (Crmartiurn quercuum 
(Berk,) Miyabe ex Shirai f, sp. fusiforrne) and the 
southern pine beetle (Dendroctonus frontaZis Zimm. 
- SPB) as the two greatest pest problems in their 
operations. Annual losses to these agents total 
more than $200 million, Pest management strate- 
gies are available to reduce losses from this in- 
sect and disease throughout the life'of the stand. 
Control options decrease, however, as stands ma- 
ture, competition increases, and growth declines. 

Salvage cutting is a means of reducing losses 
from insects and diseases in merchantable stands. 
Yet, many forest managers are not familiar with 
the concept or implementation of this silvicultur- 
a1 practice. This paper (1) describes the devel- 
opment of guidelines for salvage of trees severely 
infected with fusiform rust in pine plantations, 
(2) summarizes established guidelines for the sal- 
vage removal of SPB-infested material in pulpwood 
and sawtimber stands, and (3) defines the role of 
salvage cutting in the management of southern 
forests. 

I /  Paper presented at Southern Silvicultural 
~esearch Conference, Atlanta, Georgia, November 4- 
5, 1982. This research was funded in part by a 
U.S. Department of Agriculture-sponsored program 
entitled, "The Integrated Pest Management RD&A 
Program for Bark Beetles of Southern Pines," 

SALVAGE IN RUST-INFECTED PLANTATIONS 

Salvage cutting has often been proposed for 
reducing losses to fusiform rust in pine planta- 
tions (Powers et az. 1974: Belcher et aZ. 1977); 
Schmidt and Klapproth 1982). A large-scale study 
is being conducted in South Carolina, Georgia, and 
Alabama to develop guidelines for the proper selec- 
tion, marking, and harvesting of damaged loblolly 
(Pinus taeda L.) and slash (Pinus eZZiottii Engelm. 
var. eZZiottii) pines in plantations being managed 
on 22-25 year rotations..?-/ The primary management 
objective is high yields of wood fiber. 

In 1981, eight slash pine plantations were 
selected for treatment, Infected trees were removed 
from portions of the plantations; the remaining 
portions have been left as controls, Four 1/4-acre 
fixed plots were established in the treated and un- 
treated areas of each plantation to assess the ef- 
fect of salvage cutting on total production. A 
wide range of stand, site, and pest conditions are 
being examined. 

Stand considerations.--Several factors must be 
considered in selecting stands for salvage cutting. 
The most obvious and important is the incidence of 
rust. The cooperators in this study are salvage 
cutting in plantations where the incidence of stem 
galls ranges from 30 to 60 percent. Less than 30 
percent infection would be too few stems for prof- 
itable harvest; stands with more than 60 percent 
would be clearcut and regenerated. 

21 The authors are respectively, Silvieultur- 
ist , Southeastern Forest Experiment Station, 
Athens, Georgia; Pest Management Specialist, Union 31 Belanger, R. P,, T, Miller, R. S. Webb, and 
Camp Corporation, Rincon, Georgia; Plant Patholo- J. ~.~odbee. Forest management strategies for re- 
gist, Southeastern Forest Experiment Station, ducing beetle- and pathogen-caused losses in planted 
Gainesville, Florida; and Forest Pathologist, Uni- stands: The salvage cutting of trees infected with 
versity of Florida, Gainesville, Florida. fusiform rust. Research funded by the Integrated 

Pest Management RD&A Program for Bark Beetles of 
Southern Pines. 



Age of the study plantations at the time of 
salvage ranged from 14 to 20 years old. Individ- 
ual trees and total volume in plantations younger 
than 14 years are usually too small for comercial 
cutting, There is little biological or economic 
advantage in salvage cutting rust-infected trees 
close to rotation age. 

Volumes ranged from 10 to 40 cordslacre prior 
to treatment; number of live trees from 400 to 550 
stemsfacre. Pretreatment assessments indicated 
that at feast 4 cordslacre had to be removed to 
satisfy the costlbenefit requirements of harvest- 
ing. 

Tree considerations.--The success of salvage 
cutting in rust-infected plantations is based on 
anticipating mortality. Three risk classes, based 
on number, location and condition (extent and se- 
verity of gall cankering) of rust galls on the 
main stem, are being evaluated, 

Low risk. Trees likely to survive through 
rotation; either rust-free or with galls of a size 
and condition that will not affect survival. 

Moderate risk. Trees with one or more galls 
whose location, size (generally < 50 percent of 
stem circumference) and condition makes survival 
to rotation age questionable. 

High risk. Trees likely to die before rota- 
tion; one or more galls generally encircling r 5 0  
percent of the circumference of the main stem; 
severe stem cankers are common, 

These risk classes are the primary basis for 
marking and removal. Tree size and spacing are 
not major considerations in the selection process. 
All high risk trees are marked; low risk trees are 
not marked. Moderate risk trees may or may not be 
removed depending on management objectives and re- 
strictions specific to individual plantations. 
Several field foresters have been trained in this 
system. They are able to identify the three clas- 
ses quickly and accurately. 

Harvesting systems.--Another objective of the 
study is to determine the kinds of harvesting sys- 
tems best suited for salvage cutting. We are com- 
paring costs and benefits of tree-length and short- 
wood removal. Tree-length logging is being done by 
company harvesting crews in heavily mechanized op- 
erations. Shortwood removals are being done by 
contract loggers with labor-intensive systems. 

Cutting operations are being conducted in dif- 
ferent geographic regions and stand conditions. 
Initial spacing, soil characteristics, topography, 
and processing requirements all have a bearing on 
the costs, production, and suitability of the dif- 
ferent harvesting systems. 

Associated pest problems.--Forest managers 
are cautious about intermediate cuttings without 
knowing the impact on bark beetles, root diseases 
and other pest problems. A major objective of 
this study is to identify and quantify these risks. 
Logging damage and associated insect activity were 
assessed during the winter of 1981-1982, 

Preliminary results.--Eight slash pine planta- 
tions have been salvage cut to date. Harvesting 
operations removed an average of 10.9 cordsfacre 
(Table 1). Basal area was reduced from an average 
of 96 ftO2/acre to 61 ~t.~/acre (Table 2). Residu- 
al stocking averaged 276 stems/acre (Table 3). 
Most of the trees removed were from the high and 
moderate risk classes. 

Table 1.--Salvage cutting affected the average 
volume distribution of fusiform-rust risk classes 
in eight slash pine plantations 

Fusif orm-rus t Volume 
risk class Pretreatment Salvaged Residual ------------ Cords/acre A/--------- 

Low 20 .O 2.7 17.3 

Moderate 5.5 4 .O 1.5 

High 4.9 4.2 
P 

0.7 - 
Total 30.4 10 .9 19.5 

1/ Cords = fte3/78 

Table 2.--Salvage cutting affected the average basal 
area distribution of fusiform-rust risk classes in 
eight slash pine plantations 

Fusif orm-rust Basal area 
risk class Pretreatment Salvaged Residual 

Low 61.6 8.6 53 .O 

Moderate 17.8 12.5 5.3 

High 16.6 - 13.8 - 2.8 - 
Total 96.0 34.9 61.1 

Scheduling.--Salvage cutting was conducted 
during the spring, summer and fall of 1981. Sched- 
uling was strongly dependent on the availability 
of logging crews and local markets. 



Table 3.--Salvage c u t t i n g  a f f e c t e d  t h e  average num- 
b e r  of t r e e s l a c r e  i n  each fusiform-rust  r i s k  c l a s s  
i n  e i g h t  s l a s h  p i n e  p l a n t a t i o n s  

Fus i f  orm-rus t Live  t r e e s l a c r e  
r i s k  c l a s s  Pre t rea tment  Salvaged Res idua l  ------------ ?Jumber--------------- 

Low 256 37 219 

Ploderate 86 5 5 31 

High - 100 - 7 4 - 2 6 

T o t a l  442 166 276 

Salvage c u t t i n g  removed 74 percent  of t h e  
stems w i t h  severe  r u s t  i n f e c t i o n s .  These high- 
r i s k  t r e e s  represen ted  33 percen t  of t h e  t o t a l  vol- 
ume harves ted .  Residual  high-r isk trees--only 3 
percen t  of t h e  t o t a l  stand--were too  small t o  re- 
move e f f i c i e n t l y  (Tables  4 and 5) .  

Table 4.--Salvage c u t t i n g  a f f e c t e d  t h e  average 
d iameters  of t r e e s  i n  fusiform-rust  r i s k  c l a s s e s  
i n  e i g h t  s l a s h  p ine  p l a n t a t i o n s  

- 

F u s i f  orm-rust D. b.h. 
r i s k  c l a s s  Pre t rea tment  Salvaged Res idua l  

Moderate 5.8 6.2 5.2 

High 5.2 5.6 4.0 

Table  5,--Salvage c u t t i n g  a f f e c t e d  t h e  average 
h e i g h t s  of t r e e s  i n  fusiform-rust  r i s k  c l a s s e s  
i n  e i g h t  s l a s h  p i n e  p l a n t a t i o n s  

Fus i f  orm-rust T o t a l  he igh t  
r i s k  c l a s s  Pre t rea tment  Salvaged Res idua l  

Low 50.3 50.9 50.2 

Moderate 46.8 48.2 43 . 9 

High 41.5 43.8 35.5 

Salvage c u t t i n g  increased  t h e  propor t ion  of 
h e a l t h y  and low-risk t r e e s  i n  t h e  s tudy  p l a n t a t i o n s  
from 58 t o  79 percent .  Qua l i ty  and g e n e r a l  v i g o r  
of t h e  r e s i d u a l  s t a n d  were s i g n i f i c a n t l y  improved. 
Approximately 37 low-risk t r e e s l a c r e  were removed 
t o  provide access  through t h e  s t a n d  by h a r v e s t i n g  
equipment. These t r e e s  represen ted  25 percen t  of 
t h e  t o t a l  volume removed. Salvage c u t t i n g  d i d  n o t  
a f f e c t  t h e  average diameter  o r  t o t a l  h e i g h t  of t h e  
r e s i d u a l  low-risk t r e e s  s i n c e  they were s e l e c t e d  
by chance r a t h e r  than by choice.  

Moderate-risk t r e e s  were l e f t  a t  t h e  d i s c r e -  
t i o n  of t h e  markers. Many l a r g e  t r e e s  wi th  small 
i n f e c t i o n s  were l e f t  because of t h e i r  p o t e n t i a l  
v a l u e  a s  sawtimber; smal l  t r e e s  i n  t h e  low t o  mod- 

e r a t e  r i s k  c l a s s e s  were removed t o  reduce t h e  num- 
ber  of s l o r g r o w i n g  t r e e s  t h a t  would be s u c e p t i b l e  
t o  i n s e c t  a t t a c k .  Removal of t h e s e  moderate-risk 
t r e e s  can a l s o  improve spacing i n  t h e  r e s i d u a l  
s tand ,  Moderate-risk t r e e s  represen ted  33 percen t  
of t h e  stems removed and 37 percen t  of t h e  t o t a l  
volume salvaged from t h e  s tudy  p l a n t a t i o n s .  

An average of 18 treeslacre--6.6 percen t  of 
t h e  r e s i d u a l  stand--were damaged dur ing  sa lvage  
removal. Tree-length logging accounted f o r  55 per- 
c e n t  of t h e  t o t a l  damage while  t h e  remaining 45 
percent  r e s u l t e d  from shortwood opera t ions .  Most 
of t h e  damage (65 percen t )  occurred as wounding o r  
s c a r r i n g  on t h e  main stem, The remaining i n j u r i e s  
were broken l i v e  branches o r  s e v e r e  bending of 
smal l  t r e e s  caused by f e l l i n g .  

Only 12 percent  of t h e  damaged t r e e s  were 
a t t acked  by I p s  and black t u r p e n t i n e  (Dendrocdonus 
t e r e b r a n s  O1iv.-BTB) b e e t l e s ,  At tacks  seemed t o  be 
r e l a t e d  t o  t h e  number and s i z e  of stem wounds 
(Table 6). Damaged t r e e s  w i t h  i n s e c t  a c t i v i t y  had 
more wounds per  t r e e ,  more s u r f a c e  a r e a  per  wound, 
and more wound a r e a  per  t r e e  than d i d  damaged t r e e s  
without  i n s e c t  a c t i v i t y .  I p s  and BTB a c t i v i t y  was 
g r e a t e r  i n  t h e  t r e a t e d  p o r t i o n s  of t h e  p l a n t a t i o n s  
than  i n  t h e  c o n t r o l  a r e a s  (Table 7), No m o r t a l i t y  
has occurred i n  t h e  s tudy p l a n t a t i o n s  t o  d a t e  a s  a 
r e s u l t  of i n s e c t  a c t i v i t y  fol lowing logging. 

D i o r y c t r i a  amateZZa (Huls t ) ,  t h e  sou thern  
coneworm, is  a s s o c i a t e d  wi th  a c t i v e  r u s t  g a l l s  
where t h e  l a r v a e  feed  and grow over  win te r  (Couison 
and F r a n k l i n  1970). This  i n s e c t  is  no t  a problem 
p e s t  i n  p l a n t a t i o n s ,  but  can cause s e r i o u s  l o s s e s  
of cones and seeds  i n  seed orchards.  Removal of 
t h e  r u s t - i n f e s t e d  t r e e s  s i g n i f i c a n t l y  reduced t h e  
inc idence  of D. ~mateZZa. 

P r i o r  t o  t rea tment ,  t h e  r o o t  systems of 744 
t r e e s  were excavated and inspec ted  f o r  r e s i n o s u s  o r  
decay a s s o c i a t e d  wi th  d i s e a s e s  such a s  annosus r o o t  
r o t  (Heterobasidiun annosum [ ~ r .  1 Bref. A t o t a l  of 
3 1  t r e e s  had some r o o t s  wi th  symptoms of d i s e a s e ,  
Samples of t h e s e  r o o t s  were c u l t u r e d  t o  determine 
s p e c i f i c  pathogens. Only H, annostcm and Inonott ts  
c i r c i n a t u s  were recovered from t h e  symptomatic r o o t  
t i s s u e .  The frequency of r o o t  d i s e a s e  fungi  were: 

Neterobasidion annosum 1 t r e e  

Inonutus  c i r e i n a t u a  3 t r e e s  

Mushroom r o o t  r o t  (caused by C l i t o e y b e  tabeseens  
[Scop] Bres . ) was a l s o  noted ( v i s u a l  inspection--no 
c u l t u r e )  on t h r e e  t r e e s .  The occurrence and recov- 
e r y  of a l l  r o o t  decay fungi  from t h e s e  excavated 
t r e e s  were low, but  t h i s  was expected s i n c e  t h e  
p l a n t a t i o n s  had no t  been prev ious ly  thinned.  

Continuing research,--In 1982, a s i m i l a r  ef-  
f o r t  went i n t o  t h e  s e l e c t i o n  and t reatment  of r u s t -  
i n f e c t e d  l o b l o l l y  p ine  p l a n t a t i o n s .  The s l a s h  p i n e  
d a t a  w i l l  cont inue t o  be s t reng thened ,  D e t a i l -  
ed r u s t  p r o f i l e s  a r e  being developed f o r  p lan ta -  
t i o n s  of both spec ies .  We w i l l  cont inue t o  monitor  
t h e  p l a n t a t i o n s  f o r  i n s e c t  and d i s e a s e  a c t i v i t y .  



Table 6.--Relationships between logging damage and associated insect 
activity following the salvage cutting of fusifora-rust-infested 
trees in eight slash pine plantations 

Trees with Stem wounds Surface area Surface area 
stean wounds per tree per wound per tree 

--------- Number---------- ------------~t,z------------ 

Damaged trees 18 
with insects 

Damaged trees 77 
without insects 

Table 7.--Number of trees attacked by different insects in treated and 
untreated portions of eight slash pine plantations 

Portion of study plantations 
Insect Salvaged Control 

--------- Number of infested trees------- 

Black turpentine beetle 2 7 7 

IP@ SPP* 1 - 
Dioryctria amateZZa 37 128 

Unknown 3 - 

GUIDELINES FOR SALVAGE OF SPB-INFESTED TREES 

The southern pine beetle occurs across all 
geographic regions of the South. Frequency and 
severity of SPB attacks are most serious in ma- 
ture, densely stocked, slow-growing pine stands. 
Insect activity is increased even more when these 
stands are disturbed (e.g. lightning, logging dam- 
age). Rapid salvage of infestations is a means of 
recovering losses and reducing beetle populations 
(Morris and Copony 1974, Billings and Pase 1979). 

SPB infestations are normally located from 
aerial observations (~illings and Doggett 1980) 
and ground checked to determine the need and pri- 
ority for treatment (Billings and Pase 1980). 
High-priority spots--those with the greatest num- 
ber of actively-infested trees--should be marked 
for treatment first (swain and Remion 1981). 

Field crews should be instructed to mark and 
remove a buffer strip of uninfested trees around 
the active head of each infestation. This prac- 
tice stops spot growth and is a precaution against 
leaving undetected infested trees. Buffer strips 
can range from 10 to 100 feet, depending on the 
stage of brood development, stand density, and the 
number of newly attacked and brood-producing trees 

(Billings and Pase 1980). Wide buffer strips are 
recommended for high-priority spots whereas smaller 
buffer strips are adequate for medium- and low- 
priority spots. Harvesting should start as soon as 
possible after marking. The order in which trees 
are removed depends on the season (Swain and Remion 
1981). During May to October, buffer zone trees 
should be removed first, then freshly attacked 
trees, and finally the trees with living brood. 
This sequence reduces spot spread. Between Novem- 
ber and April, trees with older brood should be re- 
moved first, then newly attacked trees, and finally 
the trees in the buffer zone. This sequence re- 
duces spot proliferation. 

Salvage cutting is an effective and economical 
method of treating large SPB infestations, More 
than 2.8 million cords and 1 billion board feet of 
SPB-killed and infested timber were harvested in 
the South during beetle outbreaks between 1970 and 
1976 (Price and Doggett 1978). This material was 
used profitably for a wide range of products (Levi 
1981). 
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Damage from i n s e c t s  and d i s e a s e s  occurs  
almost cont inuously i n  sou thern  f o r e s t s .  Environ- 
mental  condi t ions  favor  s e v e r a l  major pes t s :  SPB, 
f u s i f o r m  r u s t ,  l i t t l e l e a f  d i s e a s e  (Phytophthara  
c i n n m o n i  Rands), and annosus roo t  r o t ,  Some 
s t a n d s  damaged by t h e s e  p e s t s  a r e  s u i t a b l e  f o r  
sa lvage  c u t t i n g  whi le  o t h e r s  a r e  not .  Choice of 
a c t i o n  depends on t h e  e x t e n t  of damage, management 
o b j e c t i v e s ,  and b e n e f i t s  t h a t  r e s u l t  from t r e a t -  
ment, 

E x c e l l e n t  g u i d e l i n e s  have been developed f o r  
sa lvage  of t r e e s  damaged by t h e  SPB. Harvest ing 
can range from l i g h t  p a r t i a l  c u t t i n g  t o  c l e a r -  
c u t t i n g  depending on t h e  s i z e  and number of i n f e s -  
t a t i o n s ,  Guidel ines a r e  not y e t  a v a i l a b l e  f o r  
app ly ing  sa lvage  c u t t i n g  i n  s t a n d s  i n f e c t e d  by 
fus i form r u s t .  A major problem i s  t h e  i n a b i l i t y  
t o  p r e d i c t  l o s s e s  based on t h e  s e v e r i t y  of r u s t  i n  
merchantable  p ine  p l a n t a t i o n s .  The primary pur- 
pose of our  c u r r e n t  r e s e a r c h  i s  t o  a n t i c i p a t e  and 
prevent  t h e s e  l o s s e s .  

Salvage of m o r t a l i t y  caused by r o o t  d i s e a s e s  
depends on t h e  r a t e  a t  which damage occurs .  
Losses from l i t t l e l e a f  d i s e a s e  and N. annosum 
u s u a l l y  occur  slowly over  t ime and a r e  widely 
s c a t t e r e d  throughout t h e  s tand .  Immediate l o s s e s  
a r e  l i k e l y  t o  be minimal; f requent  sa lvage  c u t t i n g  
i s  g e n e r a l l y  imprac t ica l .  Stands wi th  severe  in- 
f e c t i o n s  of l i t t l e l e a f  d i s e a s e  o r  annosus roo t  r o t  
should be c l e a r c u t .  

The need, p r a c t i c a l l y ,  and a p p l i c a t i o n  of 
sa lvage  c u t t i n g  depends on: 

* F o r e s t  management o b j e c t i v e s  
* Extent  of t h e  p e s t  problem 
* S e v e r i t y  of t h e  p e s t  problem 
* Type of damage 
* Value of t h e  timber 
* Volume of t h e  t imber  
* A c c e s s i b i l i t y  of t h e  s t a n d  
* Market condi t ions  
* A v a i l a b i l i t y  of h a r v e s t i n g  crews 
* P e s t  management c o n s i d e r a t i o n s  

Salvage c u t t i n g  should be considered a s  a  means of 
reducing l o s s e s  from i n s e c t s  and d i s e a s e s  only 
when i t  i s  b i o l o g i c a l l y  and economically f e a s i b l e  
t o  do so. 
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Abstract.--Seed y i e l d s  were g r e a t e r  from f reeze-dr ied  
than k i ln -dr ied  cones, p o s s i b l y  due t o  a more complete dry- 
ing .  Whether seeds  were f u r t h e r  d r i e d  by k i l n -  o r  f reeze-  
d ry ing  methods had no e f f e c t  on t h e  number of germinat ing 
seeds  b u t  d i d  i n f l u e n c e  t h e  speed o f  germinat ion.  A f t e r  
s t o r a g e  f o r  20 m n t h s  a t  7Z°F, seeds  from f reeze-dr ied  cones 
had lower v i a b i l i t y  than those from k i l n e d  cones, r e g a r d l e s s  
o f  the  method of seed drying.  Seeds from freeze-dried cones 
t h a t  were f u r t h e r  d r i e d  by f r e e z e  dry ing  had t h e  lowest  
v i a b i l i t y .  Apparently t h e  very  r a p i d  d e s i c c a t i o n  damages t h e  
seeds .  The moisture con ten ts  o f  t h e  k i l n -  and f reeze-dr ied  
seeds  averaged 5.4 and 2.2 percen t ,  r e s p e c t i v e l y ,  r e g a r d l e s s  
o f  cone dry ing  inethod. Probably because moisture l e v e l s  were 
s o  low, v i a b i l i t y  o f  t h e  seeds  from k i l n e d  cones remained 
c o n s t a n t  over  t h e  20-month per iod  a t  room temperature.  Freeze- 
d r y i n g  t o  reduce seed  moisture f o r  long-term s t o r a g e  i s  
f e a s i b l e ,  b u t  on ly  i f  t h e  seeds  a r e  p a r t i a l l y  d r i e d  by some 
o t h e r  technique;  otherwise seed  damage can occur .  

INTRODUCTION 

One of t h e  major f a c t o r s  i n f l u e n c i n g  seed 
l o n g e v i t y  i s  seed moisture con ten t .  At normal 
s t o r a g e  temperatures  (20° t o  35OF) seed moisture 
con ten ts  g r e a t e r  than about 1 0  percen t  cause more 
r a p i d  decreases  i n  v i a b i l i t y .  The genera l  
recommendations f o r  s t o r i n g  sou thern  p ine  seeds  
a r e  t o  d ry  them t o  a mois tu re  con ten t  of 10 per- 
c e n t  o r  l e s s  (Barnet t  and McLemore 1970).  Harring- 
ton (1973) has noted t h a t  wi th  many agronomic 
seeds  s t o r e d  w i t h i n  t h e  range of 5 t o  1 4  p e r c e n t  
mois tu re  con ten t ,  each 1 percen t  i n c r e a s e  halved 
t h e  l i f e  o f  seeds .  

P ine  seeds  a r e  n o t  u s u a l l y  d r i e d  below a 
moisture con ten t  of 6 t o  8 percen t .  T h e o r e t i c a l l y ,  
d ry ing  t o  1 o r  2 percen t  moisture should maximize 
t h e  l e n g t h  of  seed s t o r a g e ,  b u t  i t  is d i f f i c u l t  
t o  lower moisture t o  these  l e v e l s  by convent iona l  
d ry ing  techniques wi thout  damaging t h e  seed .  
Perhaps f o r  t h i s  reason,  Roberts (1972) sugges t s  
t h a t  decreas ing  moisture con ten ts  below 5 o r  6 
percen t  may not i n c r e a s e  seed s t o r a b i l i t y  . 

l i p a p e r  presented a t  Southern S i l v i c u l t u r a l  
Research Conference, At lan ta ,  Georgia, November 
4-5, 1982. 

2 l P r  i n c i p a l  S i l v i c u l  t u r i s  t , Southern Fores t  
Experiment S t a t i o n ,  Fores t  Service--USDA, Pine- 
v i l l e ,  LA 71360. 

Vacuum dry ing  i s  e s p e c i a l l y  w e l l  adapted t o  
d ry ing  seeds  t o  a very  low moisture con ten t .  
Vacuum dry ing  i s  s i m i l a r  t o  d ry ing  wi th  dehumidi- 
f i e d  a i r .  I n  r e c e n t  y e a r s ,  r e f r i g e r a t i o n  has  
been combined w i t h  vacuum dry ing  i n  what is termed 
freeze-drying . Ref r i g e r a t i o n  is  used t o  condense 
mois ture  from t h e  a i r  and lower i ts vapor p r e s s u r e .  
Although t h e  m a t e r i a l  being d r i e d  i s  normally 
f rozen ,  f r e e z i n g  is n o t  necessary  i f  t h e  seeds  
a r e  k e p t  o u t s i d e  of  t h e  condensing chamber. The 
mois ture  removed is cont inuously f rozen  i n  t h e  
condensing chamber, main ta in ing  a s t e e p  moisture 
g r a d i e n t .  

Ear ly  r e s u l t s  i n d i c a t e d  t h a t  f reeze-drying 
could improve t h e  s t o r a g e  of  vege tab le  seeds .  
Moisture con ten ts  can be lowered t o  l e v e l s  t h a t  
h e r e t o f o r e  could n o t  b e  reached w i t h  h e a t  d ry ing  
wi thout  seed i n j u r y  (Woodstock 1975, Woodstock, 
e t  a 1  1976).  Freeze-drying has a l s o  been t r i e d  - -- 
s u c c e s s f u l l y  w i t h  spruce  seeds  (Suber e t  a 1  1973) ,  
and pre l iminary  tests wi th  southern pine seeds  
have shown t h a t  moisture l e v e l s  can be reduced t o  
2 p e r c e n t  o r  l e s s  without  apparen t  i n j u r y  t o  t h e  
seed (Barne t t  1979).  However, t h e  e f f e c t s  of t h e s e  
low seed moisture con ten ts  on s t o r a b i l i t y  have n o t  
heen eva lua ted .  

I n  t h i s  s tudy ,  f reeze-drying was compared w i t h  
conventional  k i l n i n g  techniques a s  a means o f  cone 



processing and a s  a method of  lowering seed 
moisture s o  t h a t  seed longevi ty  can be increased .  

Freeze-drying and ki ln-drying techniques 
were used t o  e x t r a c t  seeds  from cone c o l l e c t i o n s  
from th r ee  Sndividual s l a s h  p ine  t r e e s .  The 
c o l l e c t i o n s  were made on S e p t e d e r  24, 1979. 
Seven cones f o r  each of  t h r ee  r e p l i c a t i o n s  per  
i nd iv idua l  t r e e  were processed i n  a small  gas- 
f i r e d  k i l n  a t  temperatures of  about  105OF and 
i n  a l abo ra to ry  f r eeze  dryer  where t h e  cones were 
kept  a t  s l i g h t l y  below ambient temperatures. 
Seed y i e l d s  pe r  cone was determined upon t he  
completion of cone opening. Af te r  ex t r ac t i on  
was completed, seeds were aga in  d r i ed  by e i t h e r  
k i l n -  o r  freeze-drying methods t o  f u r t h e r  reduce 
seed moisture conten ts .  Seed moisture l e v e l s  
were determined p r i o r  t o  i n i t i a l  germination 
t e s t s  and s torage .  Germinat ion t e s t s  , conducted 
f o r  30 days, were run wi th  u n s t r a t i f i e d  seeds 
before  and a f t e r  s t o r age .  Czabator's (1962) 
germination va lues ,  which r e f l e c t  both speed and 
completeness of germination, and percent  o f  
germination were computed. The 0.05 l e v e l  was 
used a s  t h e  s i gn i f i c ance  l e v e l  i n  the  ANOV 
ana lyses  of t h e  da ta .  

Seeds from each treatment  r e p l i c a t i o n  were 
sea led  i n  separa te  polyethylene bags t o  maintain 
the  i n i t i a l  moisture l e v e l s  during the  20 months 
of s t o r age  a t  72OF. Seeds were s t o r ed  a t  room 
temperature (72 OF) t o  ha s t en  seed d e t e r i o r a t i o n  
and accentua te  t reatment  d i f f e r ences .  Nomal ly  
seeds would be s t o r ed  a t  subf reez ing  temperatures.  

RESULTS AND DISCUSSION 

Cone Drying 

Whether s l a s h  pine cones were ex t r ac t ed  by 
conventional  k i l n i n g  o r  by freeze-drying tech- 
niques had no e f f e c t  on i n i t i a l  germination 
( t a b l e  1 ) .  However, s i g n i f i c a n t l y  g r e a t e r  seed 
y i e l d s  were obtained from freeze-dried than 
k i lned  cones, amounting t o  an 8 percent  i nc r ea se  
i n  y i e l d .  The b e t t e r  y i e l d s  probably r e f l e c t  
t he  f a s t e r  d ry ing  and lower moisture conten ts  of 
cones t h a t  were f r e eze  d r i ed .  

Although i n i t i a l  germination was no t  a f f e c t -  
ed by cone drying technique, germination va lues ,  
which i n  t h i s  c a se  r e f l e c t  d i f f e r ences  i n  speed 
of germination, were reduced by f r eeze  dry ing  
( t a b l e  1 ) .  There were s i g n i f i c a n t  d i f f e r ences  
i n  a l l  measured parameters due t o  v a r i a t i o n  
among t he  ind iv idua l - t ree  sources . 

Table 1.--Slash p ine  seed y i e ld ,  moisture conten t ,  and germination summary by drying method, i n i t i a l l y  
and a f t e r  s t o r age  f o r  20 months a t  7 2 ' ~  

I n i t i a l  cha r ac t e r i s  t i c d l  : 20-month c h a r a c t e r i s t i c s  
Drying method : Tree : Seed : l fo i s ture  : 
Cones : Seed : number : y i e l d  : content  : Ge,rmiqa-tiqn G V ~ /  ~ e r m i n a t i o n  1 GV 

#/cons -Percent- --Pe,r.cent-- - - --Percent-- 

Kiln Kiln 1 117?/ 5.2 99.7 55.17 99.3 45 -11 
2 12 2 5.4 99.8 50.69 98.7 41.48 
3 14,1 - - - 5-.6 97-05 . . . , 39 -87 96.0 24.56 

Mean 1 2 7 b k /  5 , 4 a  99.0 a 48.58 a 98.0 a 37.05 a 

Kiln Freeze- 1 11 9 2.2 99.7 49.91 99.2 36.88 
dry 2 118 1 .8  99 .O 48 -82 96 .O 24.95 

3 14 7. 2.7 95 .O 37.67 94.0 24.57 
Mean 128 b 2.2 b 97.9 a 45.47 a 96.4 a 28.80 ab 

Freeze- Kiln 1 129 5.4 98.2 36.37 91.0 24.50 
dry 2 138 5.5 98.8 21 , 12 87-2 17.54 

3 150 5.6 - - 96.. 7 26.17 85.2 18.37 
Mean 1 3 9 a  5 . 5 a  97.9 a 31.22 b 87.8 b 20.14 b 

Freeze- Freeze- 1 12 2 2.3 96.5 32.36 75.7 15 -14 
dry  dry  2 14 0 1.2 99.2 26.91 21.2 1.16 

3 144 3.0 89.5 14.20 39.3 2.76 
Mean 135 a 2.2 b 95.1 a 24 $49 b 45.4 c 6.35 c 

&/After drying cones and f u r t h e r  drying of  seeds wi th  t reatments .  

/ G V ' s  a r e  germination values which r e f l e c t  both seed and completeness of  germination (Czabator 1962) . 
?/Average from 7 cones pe r  t r e e .  

' ~ e a n s  w i th in  columns, 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  a t  t h e  0.05 l e v e l .  



A f t e r  20 months of 72OF temperatures ,  germi- 
n a t i o n  of k i lned  seeds  from k i l n e d  cones had 
dropped on ly  an  average of  1 percentage p o i n t ,  
whereas k i l n e d  seeds  from f reeze-dr ied  cones 
dropped 10 percentage p o i n t s  ( t a b l e  I )  

A f t e r  t h e  seeds  were e x t r a c t e d  from t h e  
cones, t h e  seeds  were f u r t h e r  d r i e d  f o r  s t o r a g e  
by e i t h e r  k i l n -  o r  f reeze-drying methods. The 
f i n a l  seed m i s t u r e  con ten ts  ob ta ined  by k l l n i n g  
averaged 5.4 percen t  compared t o  2 .2  percen t  f o r  
f r e e z e  dry ing  ( t a b l e  1 ) .  Ki ln ing  normally 
r e s u l t s  i n  about  a 1 0  percen t  m i s t u r e  l e v e l .  
The low moisture l e v e l  f o r  ki ln-drying i s  probably 
why t h e  v i a b i l i t y  of  t h e s e  seeds  s tayed  essen- 
t i a l l y  t h e  same over  t h e  20-month per iod  a t  
room temperature. 

Seeds from f reeze-dr ied  cones were adverse ly  
a f f e c t e d  by both dry ing  methods ( t a b l e  1 )  . Seeds 
t h a t  were freeze-dried fo l lowing  cone opening by 
freeze-drying were almost  u n s u i t a b l e  f o r  use 
fol lowing 20 months a t  room temperature.  Why 
was germination s o  adverse ly  a f f e c t e d  by t h i s  
t rea tment?  No conclusive answers a r e  a v a i l a b l e ,  
bu t  r a p i d  d e s i c c a t i o n  from high t o  low mois ture  
con ten ts  i s  known t o  reduce seed q u a l i t y  
(Copeland 1976). Such excess ive  dry ing  r a t e s  may 
cause stress cracks i n  t h e  seed because of  unequal 
d ry ing  throughout t h e  seed.  

CONCLUSIONS 

Resu l t s  o f  these  tests i n d i c a t e  t h a t  
a l t e r n a t i v e  drying methods, such a s  freeze-drying,  
can be used t o  e x t r a c t  seeds  from p i n e  cones a s  
e f f e c t i v e l y  a s  conventional  k i l n i n g .  Freeze- 
drying should n o t  be used t o  qu ick ly  reduce seed 
moisture con ten ts  from high l e v e l s  t o  extremely 
low l e v e l s ,  a s  damage can occur  t h a t  w i l l  reduce 
seed  q u a l i t y  a f t e r  s t o r a g e .  It s t i l l  may be 
f e a s i b l e  t o  lower seed mois ture  con ten ts  t o  
unusual ly low l e v e l s  by freeze-drying and thus  
i n c r e a s e  seed  longevi ty .  Freeze-drying techni-  
ques w i l l  a l s o  reduce t ime o f  d ry ing  75 p e r c e n t  
o r  more. The k i l n  e x t r a c t e d  and d r i e d  seeds  i n  
t h i s  s tudy  had a mois ture  con ten t  o f  5.4 p e r c e n t ,  
which is cons iderab ly  below t h e  l e v e l s  u s u a l l y  
ob ta ined ,  and v i a b i l i t y  was r e t a i n e d  exception- 
a l l y  w e l l  fol lowing n e a r l y  2 y e a r s  a t  room tem- 
p e r a t u r e s .  Thus low mois ture  con ten ts  can 
i n c r e a s e  t h e  time seeds  can be s t o r e d  and freeze-  
d ry ing  is one means of  d ry ing  seeds  t o  unusual ly 
low l e v e l s .  However, seeds  should be p a r t i a l l y  
d r i e d  by some o t h e r  method s o  t h a t  i n j u r y  can be  
reduced. 
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SWETGUM SEEDLING ROOT STARCH CX)NTENT AS AN INDICATOR OF DO 

Robert W. Rose, Jr. , and M. Monica ~ c ~ r e ~ o r z '  

Abstract.--Sweetgum s e e d l i n g s  grown i n  Westvaco's 
c o a s t a l  South Carol ina nursery accumulated varying l e v e l s  of 
r o o t  s t a r c h  a s  they went dormant i n  t h e  f a l l .  Seedl ings 
which tended t o  r e t a i n  t h e i r  l eaves  longer  accumulated the  
l e a s t  amount of s t a r c h  p r i o r  t o  l ea f  f a l l  i n  l a t e  November. 
A l l  of the  s e e d l i n g s  exh ib i ted  a dramatic  i n c r e a s e  i n  roo t  
s t a r c h  between September and October. However, each p l o t  of 
s e e d l i n g s  tended t o  reach a peak i n  s t a r c h  content  i n  d i f f e r -  
e n t  months. A sharp rise i n  s t a r c h  content  l a t e  i n  the  grow- 
i n g  season (October) may i n d i c a t e  t h a t  t h e  dormancy mecha- 
nisms have been s e t  i n  motion. The magnitude of the  s t a r c h  
i n c r e a s e  may not be a s  important a s  the  beginning s t a r c h  
l e v e l  and t h e  month i n  which t h e  s t a r c h  content  peaks. Know- 
i n g  the  l e v e l  of the  s t a r c h  peak and when i t  occurs  may g ive  
some i n d i c a t i o n  of when t o  l i f t  f o r  optimum s t o r a g e  and 
f u t u r e  growth. 

INTRODUCTION 

The accumulation of n u t r i e n t s ,  carbohy- 
d r a t e s ,  p r o t e i n s ,  and o t h e r  compounds has i n t e r -  
e s t e d  those s tudying dormancy and seed l ing  qual- 
i t y  f o r  a number of years  (Leaf e t  a l .  1978). 
S e v e r a l  r e s e a r c h e r s  have l inked  dormancy and 
food r e s e r v e s  t o  seed l ing  ou tp lan t ing  s u r v i v a l  
and growth (Farmer 1975, Gilmore 1961, Hellmers 
1979, Kreuger 1967). Nelson and Dickson (1981) 
found t h a t  carbohydrate  was s t o r e d  a s  s t a r c h  i n  
t h e  i n i t i a l  s t a g e s  of dormancy induc t ion  i n  
cottonwood stems; it was l a t e r  converted t o  
s o l u b l e  sugars  under co ld  condi t ions ,  

Dormancy induc t ion  occurs  p r imar i ly  a s  a 
f u n c t i o n  of temperature, day-length, s o i l  fe r -  
t i l i t y ,  p l a n t  moisture s t r e s s  and/or p l a n t  
i n j u r y  such a s  top  pruning o r  undercut t ing.  
Temperature and day-length a r e  beyond the  con- 
t r o l  of the  nurseryman. P lan t  moisture stress 
can  be c o n t r o l l e d  i f  extremes i n  seasona l  rain-  

I /  Paper presented a t  Second Biennia l  
~ o u t h T r n  S i l v i c u l t u r a l  Research Conf erence , 
A t l a n t a ,  Georgia, November 4-5, 1982. 

2/ The au thors  a r e  Fores t  Regeneration 
s c i e n t i s t  and Laboratory Technician, Fores t  
Science Labora tory lProduc t iv i ty  Group, Westvaco 
Corporat ion,  Summerville, S.C. 

f a l l  a r e  not a problem. S o i l  f e r t i l i t y  can be 
c o n t r o l l e d  t o  a p o i n t ,  but depends on s o i l  type ,  
r a i n f a l l  and i r r i g a t i o n  requirements . Only top  
pruning and undercu t t ing  can be d i r e c t l y  con- 
t r o l l e d ,  but  these  techniques must be c a r e f u l l y  
timed t o  ensure an adequate recovery from the  
i n  jury. 

Timing is c r i t i c a l  i f  t h e  nurseryman is t o  
condi t ion  the  s e e d l i n g s  t o  surv ive  and grow w e l l  
a f t e r  ou tp lan t ing .  I n  a previous s tudy dormant 
sweetgum seed l ings  t e s t e d  f o r  s t a r c h  p r i o r  t o  
l i f t i n g  i n  January were found t o  have a narrow 
range of roo t  percent  s t a r c h .  The ques t ion  
a r o s e  as t o  how much s t a r c h  sweetgum could be 
expected t o  accumulate p r i o r  t o  dormancy i n  
c o a s t a l  South Carolina. When does the  process  
begin? How g r e a t  is the  v a r i a t i o n ?  How might 
t h i s  information be used t o  t i m e  nursery cu l tu r -  
a l  p r a c t i c e s  such a s  n i t r o g e n  f e r t i l i z a t i o n  and 
time of l i f t i n g ?  

The experiment repor ted  here  was designed t o  
o b t a i n  b a s e l i n e  d a t a  on s t a r c h  accumulation i n  
sweetgum r o o t s  a s  it might r e l a t e  t o  dormancy. 
A p l o t  con ta in ing  t y p i c a l  product ion s e e d l i n g s  
was added f o r  comparison purposes. 

The purpose of t h i s  s tudy was t o  t e s t  f o r  per i-  
od ic  changes during t h e  f a l l  months i n  roo t  
s t a r c h  content  i n  nursery-grown sweetgum seed- 
l i n g s .  



PROCEDURE 
Nursery Beds 

The study was loca ted  a t  Westvaco's J e r i c h o  
Nursery i n  Ravenel, South Carol ina.  Figure 1 
shows t h e  layout  of t h e  experiment. Each of the  
seven p l o t s  was sown by hand i n  A p r i l  1981 a t  a 
f i x e d  d e n s i t y  of twelve seed1 i n g s  per square 
f o o t .  The seed was a southern I l l i n o i s  source. 
F ive  of the  p l o t s  were s e l e c t e d  a t  random f o r  
use  i n  t h i s  study, Each p l o t  was four  f e e t  wide 
by e i g h t  f e e t  long. S o i l  f e r t i l i t y  a t  the  be- 
g inn ing  of the  experiment was good wi th  a pH of 
5.45. The pounds per a c r e  i n  t h e  s o i l  of P,  Ca, 
Mg and K were 116, 954, 187, and 154, respec- 
t i v e l y .  S o i l  organic matter  was approximately 
1% p r i o r  t o  t h e  a d d i t i o n  of t h r e e  inches of com- 
posted sawdust mixed i n t o  t h e  top  s i x  t o  e i g h t  
inches  of s o i l .  This r a i s e d  the  organ ic  matter  
con ten t  t o  8.6% i n  p l o t s  1-5. The seed l ings  
were f e r t i l i z e d  wi th  ~ o l i a n ~ l l  a t  a r a t e  of 
25 l b s .  of n i t rogen  per a c r e  on June 26, J u l y  
17,  August 10, and August 21. Seedl ing growth 
was not proceeding w e l l  i n  e a r l y  August due t o  
h igh  s o i l  moisture and p o s s i b l e  n u t r i e n t  leach- 
i n g ,  so potassium n i t r a t e ,  ammonium n i t r a t e ,  and 
t r i p l e  superphosphate were added t o  each p l o t  on 
August 12, 1981. The amount of N ,  P ,  and K add- 
ed t o  each p l o t  was equ iva len t  t o  50, 20 and 75 
l b s .  per  a c r e ,  respec t ive ly .  

Within each main p l o t  a smal le r  subplo t  
c o n t a i n i n g  nine rows of seed l ings  was e s t a b l i s h -  
ed i n  e a r l y  August, The n ine  rows of seed l ings  
were comprised of four  sample rows and f i v e  buf- 
f e r  rows. A b u f f e r  of two s e e d l i n g s  was l e f t  on 
t h e  edge of the  beds. Each row contained e i g h t  
seed l ings .  I n  e a r l y  August a 4- x 20-foot a rea  
was marked off i n  a nearby product ion seedbed of 
t h e  same seed source f o r  use i n  t h i s  study. The 
product ion seed l ings  received no s p e c i a l  organic 
o r  f e r t i l i z e r  t reatments .  Thirty-two seed l ings  
w i t h i n  t h e  product ion p l o t  were randomly s e l e c t -  
ed and tagged f o r  harves t ing  a t  a l a t e r  date .  

Harvest Method,--One e n t i r e  row of seed- 
l i n g s  was harvested a t  random from each p l o t  on 
September 24, October 27, November 19, and 
December 21, 1981. Eight  s e e d l i n g s  were random- 
l y  s e l e c t e d  from t h e  product ion p l o t  on the  same 
d a t e s .  Four a d d i t i o n a l  seed l ings  were harvested 
n e a r  each p l o t  on March 18, 1982. Height and 
c a l i p e r  measurements were taken each month on 
t h e  seed l ings  t o  be harves ted  and those which 
remained from August through December. 

The leaves  from each seed l ing  t o  be harvested 
were removed and placed i n  a paper bag. The 
s e e d l i n g s  were l i f t e d  and t h e i r  r o o t s  were care- 
f u l l y  washed wi th  water. A f t e r  c lean ing  t h e  
sampled seed l ings  were bundled toge ther  and 

11 Fol ianm is an N, P,  K ,  S, Fe l i q u i d  f e r -  
t i l i z e r .  
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Seedlings 

Figure 1.--Nursery layout  of experiment and dia- 
gram of p l o t  wi th  l o c a t i o n s  of harvested rows. 
(Row 1 contained s e e d l i n g s  1-8; Row 2 9-16; 
Row 3 17-24; Row 4 25-32) 

t h e i r  roo t  systems placed i n  a two-quart p l a s t i c  
bag. The bundle was then f rozen  s o l i d  i n  a 
c o o l e r  con ta in ing  dry i c e .  Af te r  f r e e z i n g ,  t h e  
s e e d l i n g s  were taken immediately t o  t h e  l a b  
where they were def ros ted .  Each seed l ing  was 
divided i n t o  stem, t a p  r o o t ,  and l a t e r a l  r o o t s ,  
Fresh weight of l e a v e s ,  stem, and r o o t s  were 
taken. Each component was then dr ied  f o r  48 
hours a t  60-70°C i n  an  incuba t ing  oven t o  deter-  
n i n e  dry weight. The leaves  were analyzed f o r  
N, P ,  K ,  Ca and Kg by Westvaco's ~ o i l s l ~ n a l y t i -  
c a l  Group. The i n d i v i d u a l  t a p  and l a t e r a l  r o o t s  
of each seed l ing  were t i g h t l y  sea led  i n  p l a s t i c  
f r e e z e r  s t o r a g e  bags f o r  f u t u r e  s t a r c h  a n a l y s i s .  
Tap and l a t e r a l  r o o t s  from s e e d l i n g s  harves ted  
i n  September, October, and November were com- 
bined p r i o r  t o  a n a l y s i s ,  



S t a r c h  Analysis.--Preparation f o r  a n a l y s i s  
involved chopping and gr ind ing  t h e  r o o t s  t o  pass 
through a 40u s ieve.  The ground sample was 
placed i n  a t i g h t l y  capped specimen v i a l  and 
re f rozen ,  A t  t h e  t i m e  of t e s t i n g ,  100mg of 
ground sample were placed i n t o  a preweighed t e s t  
tube ,  d r i e d  f o r  one hour a t  100°C, and weighed 
t o  d e t e m i n e  i t s  dry weight. Percent  s t a r c h  was 
based on roo t  dry weight.  The s t a r c h  
de te rmina t ion  technique was t h a t  descr ibed by 
H a i s s i g  and Dickson (1979). B r i e f l y ,  samples 
were e x t r a c t e d  wi th  a methanol:chloroform:water 
rnixture t o  remove s o l u b l e  sugars ,  heated i n  an 
oven t o  b o i l  off  the  chloroform, g e l a n t  i n i z e d  
f o r  30 minutes i n  a b o i l i n g  water  bath,  and 
incubated a t  40°C f o r  48 hours i n  t h e  presence 
of two s t a r c h  degrading enzymes. Aliquots  were 
mixed wi th  t o l u i d i n e  reagent  and read on a 
spectrophotometer  a t  635nm. Each run included 
f i v e  s tandards .  Two samples from each v i a l  were 
prepared f o r  e x t r a c t i o n  and analyzed s e p a r a t e l y  
f o r  comparison purposes. I f  the  s tandards  were 
no t  l i n e a r  (~2=0.99)  t h e  e n t i r e  s e t  of samples 
was rerun. 

The d a t a  were analyzed a s  a s tandard 
two-way a n a l y s i s  of var iance  design f o r  t h e  
o v e r a l l  combined da ta ,  P l o t s  and months were 
both f i x e d  e f f e c t s .  The a n a l y s i s  of var iance ,  
covar iance ,  and c o r r e l a t i o n  programs used were 
developed a t  t h e  Univers i ty  of C a l i f o r n i a ' s  
Biomedical Department (Diekson 1975). The March 
d a t a  was not included i n  t h e  a n a l y s i s .  

RESULTS AND DISCUSSION 

The i n i t i a l  he igh t  measurements of the  
s e e d l i n g s  were taken i n  August 1981. The 
r e s u l t s  of a one-way a n a l y s i s  of var iance  (Table 
1 )  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 .  The produc- 
t i o n  seed l ings  were the  t a l l e s t  a t  t h e  s t a r t  of 
t h e  experiment. 

D e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  v a r i a b l e s  
measured i n  t h i s  s tudy a r e  shown i n  Table 2, 
The means f o r  each v a r i a b l e  a r e  t h e  average of 
a l l  observa t ions  taken between September and 
December, except the  l e a f  da ta  which does not 
i n c l u d e  December. The leaves  had been shed by 
t h e  December harves t  date .  Height and c a l i p e r  
growth ceased by the  October measurement date .  

The two-way a n a l y s i s  of var iance  r e s u l t s  
(Table 3) show t h e r e  was a s i g n i f i c a n t  nursery 
p l o t  by month i n t e r a c t i o n  f o r  t o t a l  roo t  percent  
s t a r c h  between September and December 1981. 
F igure  2 i l l u s t r a t e s  t h e  magnitude of the  
v a r i a t i o n  among p l o t s  f o r  t o t a l  roo t  percent  
s t a r c h  over t h e  four  month sampling period,  
S t a r c h  content  rose  from a mean of 18% t o  28% 
f o r  a l l  p l o t s  from September t o  October. The 
mean s t a r c h  percent  l e v e l s  f o r  November and 
December were 30% and 29X, respec t ive ly .  From 
October t o  December s t a r c h  content  tended t o  

Table 1,--Results of the  one-way a n a l y s i s  of 
var iance  and Duncan's Mul t ip le  Range Tes t  f o r  
August he igh t  means of a l l  of the  s e e d l i n g s  
per  p l o t  a t  the  s t a r t  of the  experiment, 

AEIaYSIS OF VARIANCE TABLE 
Source of 

d f V a r i a t i o n  m s  F v a l u e  

Aug. H t .  5 1029.7 1 42. 17*k1 

e r r o r  17 3 24.42 

DUNCAN" SLTIPLE RANGE  TEST^ 

P l o t  4 2 3 5 1 ~3 

Aug. H t .  
(cm) x 25.3 26.0 28.9 30*4 31.5 41.2 

I /  ** = s i g n i f i c a n t  a t  99% confidence l e v e l .  
21 Means wi th  a l i n e  i n  common a r e  not s ig-  

n i f i c a n t l y  d i f f e r e n t  a t  95% confidence l e v e l  
3/ P = Production. 

remain f a i r l y  s t a b l e  f o r  a given p lo t  wi th  the  
except ion of p l o t  I .  Root percent  s t a r c h  rose 
s t e a d i l y  i n  p l o t  1. This sugges t s  t h a t  October 
was the  c r i t i c a l  per iod i n  which s t a r c h  conten t  
e i t h e r  reached o r  c l o s e l y  approached the  peak 
l e v e l  i n  a given p l o t  - except  p l o t  1. The drop 
i n  s t a r c h  content  between December and March in- 
d ica ted  t h a t  the  s e e d l i n g s  were e n t e r i n g  another  
phys io log ica l  s t a t e .  

The r e l a t i o n s h i p  between changes i n  l ea f  
d ry  weight and roo t  s t a r c h  by p l o t  revealed some 
i n t e r e s t i n g  observa t ions .  Between September and 
October s t a r c h  content  rose d ramat ica l ly  whether 
l ea f  dry weight increased o r  decreased (Table 
4 ) .  Between October and November l ea f  dry 
weight decreased i n  every case ,  but the  change 
i n  percent  roo t  s t a r c h  was not as  g r e a t  as be- 
f o r e .  The t rend  i n  f o l i a r  n i t r o g e n  was decided- 
l y  downward f o r  ji& t h r e e  months. The t rend f o r  
s t a r c h  content  was the  oppos i te ;  thus ,  t h e  nega- 
t i v e  c o r r e l a t i o n  of -0.61 (Table 5)  between lea f  
n i t r o g e n  and roo t  s t a r c h .  

The f o l i a r  potassium and magnesium l e v e l s  
i n  t h e  product ion seed l ings  were s i g n i f i c a n t l y  
l e s s  than the  f o l i a r  l e v e l s  from the  o ther  f i v e  
p l o t s  (Table 6 ) .  The d i f f e r e n c e  is a t t r i b u t e d  
t o  the  l a c k  of supplemental f e r t i l i z a t i o n  i n  t h e  
product ion a rea .  

The two most common measures of growth nur- 
seryman use a r e  he igh t  and c a l i p e r .  Both were 
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  p l o t s  and months 
(Table 3 ) .  The simple c o r r e l a t i o n s  i n  Table 7 
between t o t a l  roo t  percent  s t a r c h  and he igh t  o r  
c a l i p e r  were 0.06 and 0.21, r e s p e c t i v e l y ,  Con- 



Table 2.--Mean, standard deviation, coefficient of variation, and range in values of 
the thirteen variables measured between September and December. 

Standard Coef f . 
Mean Deviation of Var. Range 

Height 

Caliper 6 mm 1.71 0.26 2.0 - 11.0 
Leaf Dry Wt. l/ 1.79 g 1.07 0.60 0.2 - 6.1 
Stem Dry Wt. 2.92 g 1.96 0.67 0.3 - 11.1 
Tap Root Dry Wt. 2.33 g 1.64 0.70 0.11 - 10.36 
Lateral Root Dry Wt. 0.89 g 0.92 1.03 0.09 - 7.30 
Total Root Dry Wt. 3.37 g 2.84 0.84 0.14 - 19.43 
Total Root % starch2/ 25.94% 7.75 0.30 8.0 - 44.0 

Leaf ~utrients l/ 
(Percent) 

Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 

I/ Mean of values from September to November. 
No leaves were present in December. 

21 Percent of total root dry weight. 
31 Percent of total leaf dry weight. 



Table 3.--The F Values from the Two-Way Analysis of Variance 
Results of Plots and Months between September and December 

Height 

Caliper 

Leaf Dry weightZ/ 

Stem Dry Weight 

Tap Root Dry Weight 

Lateral Root Dry Wt. 

Total Root Dry Weight 

Total Root % Starch 

Leaf ~utrients~l 

Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 

Plot Month Plot x Month 

NS 

NS 

11 * = significant at 95% confidence level. 
** - significant at 99% confidence level. 
NS = Non-Significant. 

21 Includes only the months of September, October, and November. 
No leaves on seedlings by late December. 

31 For tests with significant interactions, the main treatment levels 
were ignored due to confounding between treatments. The F values 
presented here are for the reader's information. 





Table 4,--Absolute changes i n  l e a f  dry weight ( g ) ,  t o t a l  roo t  percent  s t a r c h ,  and 
l e a f  n i t r o g e n  conten t  ( %  d r y  wt,) from September through November 1981. 

September October November 
P l o t  Leaf S t a r c h  N - --- Leaf S t a r c h  N - -- Leaf S t a r c h  N - P P  

(g )  (%I  ( X  ) (8)  (%I ( %  ) (8 )  (%> 

Percent  changes i n  l e a f  dry weight ,  t o t a l  roo t  percent  s t a r c h ,  
and l e a f  percen t  n i t rogen .  

September -> October October -> November 
P l o t  Leaf S t a r c h  N - -- Leaf S t a r c h  N - -- 

(Percent  change from 
September l e v e l )  

(Percent  change from 
October l e v e l )  

* Product ion seed l ings  
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Table 6.--Results of the  Duncan's Mult iple  Range Tes t s  f o r  months and p lo ts .  
(Each number is the  mean of 32 observat ions.  S igni f icance  was 
determined a t  the  95% confidence leve l .  Numbers with the  same l i n e  
i n  common a r e  not  s i g n i f i c a n t l y  d i f f e r en t . )  

Ca l iper  (m) Height (cm) Stem Dry W t .  (g)  
Mon - Plo t  - Man - Plo t  - Mon - Plo t  

Sep 5.6 5 5.9 1 
Oct 6.6 

Mov 6.9 

Dec 6.9 

Sep 38.6 

Oct 42.3 4 6.1 

2 6.3 

3 6.4 

L a t e r a l  Root 

3 35.4 

2 37.8 

Sep 1.80 2 2.20 

1 6.5 

Tota l  Root Dry W t .  (g )  Dry Weight (g) 
Mon 
7 

Plo t  - Mon - Plo t  - 

Oct 3.13 

Mov 3.27 

Dee 3.48 

4 2.21 

3 2.37 

5 2.51 

Nov 43.6 

Dee 44.5 

Sep 0.32 4 0.57 

Oct 0.74 5 0.66 

Nov 1.10 2 0.71 

Dec 1.46 1 0.88 

3 0.99 

P 1.50 

1 3.53 

4 41.6 

Sep 1.32 4 2.49 

Oct 3.01 5 2.80 

Tap Root Dry W t  (g) 
Mon - Plo t  - 

4306 1 

Nov 4.45 

Dec 4.64 

Sep 1.01 3 1.10 

Oct 2.27 4 1.78 

Nov 2.83 1 2.13 

Dec 3.21 5 2.14 

2 2.17 

P 3.51 

1 3.02 

3 3.06 

Leaf Dry w t 2  ( g )  Leaf % K Leaf % Mg 
Plo t  Mon - Plo t  - Plo t  - 

2 3.22 

P 5.35 

1/ P = Production Seedlings 
21 No leaves i n  December 

Sep 0.80 P 0.57 

Oct 0.96 

Nov 0.90 

3 0.92 

2 0.93 

5 0.95 

1 0.96 

4 1.00 



Table 7.--Matrix of simple co r r e l a t i ons  ( r )  r e l a t -  
ing sweetgm seedling va r i ab l e s  with each o ther  
f o r  the  months of September, October, November, 
and December 1981. 

Tota l  Root 
% Starch H t .  Gal, Stem TA.P LAT TRDW 

Tot. Root 
X Starch  1.00 -06 -21 -15 -35 -15 -31 

Table 8 .--Percent increases i n  plot  height 
between i n i t i a l  p lo t  height means and the  
means of the harvest  height  measurements of 
the  same 32 seedlings sampled between 
September and December. 

Harvest H t .  % Change 
I n i t i a l  H t .  Means (Sept between i n i t i a l  

P lo t  Means (Aug) t o  ~ e c )  - H t .  & Harvest H t  

1 31.5 cm 49.4 cm +57% (17.9 cm) 
Height (Ht) 1-00 -59 -77 -56 -39 -47 

2 26.0 37 -8  +45% (11.8 cm) 
Caliper (Gal) 1.00 -81 -83 -73 -75 

3 28.9 35.4 +22% (6.5 cm) 
Stem Dry W t .  1.00 .84 -74 -77 

4 25.3 41 .6 -64% (16.3 cm) 
Tap Root Dry 

W t .  (TAP) 

La te ra l  Root 
Dry W t .  (LAT) 

Tota l  Root Dry 
W t .  (TRDW) 

5 30.4 43.6 +43% (13.2 cm) 

P* 41 -2 44.2 + 7% (3.0 cm) 

* P = Production Seedlings 

s i d e r ,  t h a t  i n  a predic t ive  sense only 0.4 and 4 
percent of the va r i a t i on  i n  t o t a l  percent root  
s t a r c h  could be explained by ca l ipe r  or  average 
t o t a l  height alone, respectively.  

The low co r r e l a t i on  between height growth 
and s t a r ch  content can be seen by subt rac t ing  
the  i n i t i a l  plot  height means i n  August from the 
mean of the harvest  height  measurements of the 
same 32 seedlings sampled between September and 
December. The percent increase i n  height  gives 
an  indica t ion  of how much the seedlings i n  each 
p lo t  grew (Table 8) .  The production seedlings 
changed the  l e a s t  i n  height. The percent 
changes i n  mean height f o r  p lo t s  1 and 4 were 
t h e  l a rges t  . 

The f a c t  tha t  root  s t a r ch  content is not 
s t rong ly  corre la ted  with any of the other fac- 
t o r s  such as  height ,  c a l i pe r ,  or  dry weight 
brings i n to  question the  possible use of s t a r ch  
a s  one measure of dormancy. However, the r a the r  
cons is ten t  and indiv idual  way i n  which the seed- 
l i n g s  i n  each p lo t  appeared to  s to re  s t a r ch  
would ind i ca t e  t h a t  t he  p lo t  loca t ions  were 
under d i f f e r en t  environmental condit ions such as  
might be caused by a s o i l  moisture gradient  
between seedling beds. High s o i l  moisture is a 
s o i l  mnagement problem i n  t h i s  par t  of the nur- 
sery. 

Based on observation of decreasing leaf  dry 
weight over time per p lo t ,  the seedlings 
approached the  seasonal dormancy period s p l i t  
roughly i n t o  two groups on the  bas is  of leaf  

f a l l .  P lo t  1 and the production seedlings re- 
ta ined  t h e i r  leaves longer and had the lowest 
root  percent s t a r ch  contents  between September 
and November. Those seedlings t ha t  re ta ined  
t h e i r  leaves tended to s t o r e  l e s s  starch.  This 
r e s u l t  c e r t a in ly  f i t s  the concept of s t a r ch  
accumulation i n  hardwoods as outl ined by L e v i t t  
(1972) - carbohydrate accumulation tha t  takes 
place long before the hardening period, mostly 
i n  the form of s ta rch ,  with a s ta rch  to sugar 
conversion a f t e r  hardening of f .  

These r e s u l t s  ce r t a in ly  support the idea 
t ha t  seedlings of s imi l a r  appearance as measured 
by height  and ca l ipe r  a r e  not the same in terna l -  
ly. The production seedlings barely grew a t  a l l  
i n  height  during the September to December peri- 
od and maintained a r e l a t i v e l y  low constant  
t o t a l  .root percent s t a r ch  (Figure 2). The seed- 
l i ngs  i n  p lo t  1 continued to grow, re ta ined  
t h e i r  leaves longer (Table 8 ) ,  and f a i l e d  to  
accumulate a high amount of s t a r ch  ea r ly  i n  the  
f a l l .  A sharp r i s e  i n  s t a r ch  content la te  i n  
the growing season (October) may ind ica t e  t h a t  
t he  dormancy mechanisms have been s e t  i n  motion. 
However, the magnitude of the change may not be 
as  important as the beginning s t a r ch  l eve l  i n  
ea r ly  f a l l  and the month i n  which the s t a r ch  
content peaks, The s t a r ch  to sugar conversion 
is a l so  important s ince i t  represents  a s h i f t  i n  
physiological  condition. Knowing the l eve l  of 
the s t a r ch  peak and when it occurs may give some 
ind ica t ion  of how well the seedling w i l l  to le r -  
a t e  cold s torage  and grow a f t e r  outplanting.  
Unfortunately, no judgement can be made a t  t h i s  
point as to what such diverse physiological  dif-  
ferences among dormant seedlings may mean. 



CONCLUSIONS 

Sweetgum s e e d l i n g s  a r e  capable of s t o r i n g  
widely d i f f e r i n g  amounts of s t a r c h  a t  any time 
dur ing  t h e  f a l l  o r  e a r l y  win te r  under what could 
be considered s i m i l a r  growing condi t ions .  In 
g e n e r a l ,  t h e  g r e a t e s t  s i n g l e  increases  i n  roo t  
s t a r c h  conten t  i n  each p l o t  occurred between 
September and October. A f t e r  t h a t  e a r l y  
i n c r e a s e  t h e  month t o  month s h i f t s  i n  s t a r c h  
conten t  were l e s s  dramatic. These d a t a  suggest  
how c r i t i c a l  t h a t  s h o r t  time period i n  the  f a l l  
may be t o  producing s e e d l i n g s  of a d e s i r e d  phys- 
i o l o g i c a l  q u a l i t y  i n  c o a s t a l  South Carol ina.  
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THE EFFECT OF PNOTOPERIOD DURING COLD STORAGE 

ON THE SURVIVAZ AND GROW 

OF LOBLOLLY PINE SEEDLING&/ 

2 1  Jon D, Johnson- 

Abstract.--Operational co ld  s t o r a g e  of p i n e  seed l ings  
i s  widely used throughout t h e  South. The cold s t o r a g e  
environment i s  extremely a r t i f i c i a l  and i s  known t o  reduce 
t h e  s u r v i v a l  and growth of seed l ings  when compared t o  t h e  
s u r v i v a l  and growth of f r e s h l y  l i f t e d  seed l ings .  The objec- 
t i v e  of t h i s  s tudy  was t o  a s s e s s  t h e  e f f e c t  of photoperiod 
dur ing  cold s t o r a g e  of l o b l o l l y  p ine  seed l ings .  Seedl ings 
packaged i n  e i t h e r  V i r g i n i a  Divis ion of F o r e s t r y  s e e d l i n g  
b a l e s  o r  modified Kraft-polyethylene bags were exposed t o  a 
photoperiod of 0 hour ,  8 hour o r  16 hours  dur ing  co ld  s t o r -  
age a t  2OC. A f t e r  two months of s t o r a g e ,  t h e  bulk of t h e  
s e e d l i n g s  were ou tp lan ted  on a converted pine-hardwood s i t e  
i n  t h e  Piedmont of sou thern  Vi rg in ia .  Excess s e e d l i n g s  from 
each t rea tment  were p o t t e d  and grown i n  a greenhouse f o r  
i n t e n s i v e  measurements. The seed l ings  were sampled f o r  sur-  
v i v a l  and bud a c t i v i t y  dur ing  t h e  f i r s t  two months a f t e r  
p l a n t i n g ,  and f o r  s u r v i v a l  and t o t a l  h e i g h t  a f t e r  t h e  growing 
season. Surv iva l  i n  t h e  f i e l d  and greenhouse s t u d i e s  ap- 
peared t o  be c o n t r o l l e d  by s e e d l i n g  hydra t ion  dur ing  s to rage .  
The photoperiod t rea tments  a c c e l e r a t e d  bud a c t i v i t y  wi th  t h e  
longer  photoperiods causing f a s t e r  bud break. This accel-  
e r a t e d  bud a c t i v i t y  was manifested i n  t a l l e r  s e e d l i n g s  a t  
t h e  end of t h e  growing season. The d a t a  suggest  t h a t  t h e  
s e e d l i n g  response was n o t  due t o  a d d i t i o n a l  photosynthes i s  
dur ing  s t o r a g e ,  bu t  due t o  a photoperiodic  e f f e c t  on changes 
i n  endogenous growth r e g u l a t o r s .  

INTRODUCTION 

The p l a n t i n g  of sou thern  p ines  customari ly 
began i n  l a t e  November and progressed t o  t h e  
f i r s t  of March. E a r l y  r e s e a r c h  i n d i c a t e d  t h a t  
s e e d l i n g s  l i f t e d  and p lan ted  dur ing  t h i s  per iod  
had t h e  h i g h e s t  s u r v i v a l  (Dierauf ,  1973; Wakeley, 
1954). As t h e  a r e a  of annua l ly  r e f o r e s t e d  lands  
i n  t h e  South increased ,  t h e  p l a n t i n g  season had 
t o  be extended. This ex tens ion  was accomplished 
by t h e  i n t r o d u c t i o n  of low temperature s t o r a g e  
f o r  t h e  l i f t e d  s e e d l i n g s  ( M i l l e r ,  1980; Wi l l s ton ,  
1974). Nearly a l l  of t h e  sou thern  p ines  p lan ted  

I /  Paper p resen ted  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 
4-5, 1982. 

2/  A s s i s t a n t  P r o f e s s o r  of Tree Physiology,  
~ e ~ a r i m e n t  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  Univers i ty ,  Blacksburg, 
Vi rg in ia .  

today pass  through cold s t o r a g e ,  a t  l e a s t  tempo- 
r a r i l y .  

Vigor of s t o r e d  s e e d l i n g s  v a r i e s  wi th  d a t e  
of l i f t i n g ,  i . e .  degree of dormancy, s t o r a g e  tem- 
p e r a t u r e  and d u r a t i o n  i n  s to rage .  Dormancy, 
depending on t h e  d e f i n i t i o n  used, may o r  may no t  
t r u l y  occur  i n  southern p ines  (Perry,  1971a). 
Regardless  of t h i s  problem, r e s e a r c h  s u b s t a n t i a t e s  
t h a t  seed l ings  l i f t e d  t o o  e a r l y  i n  t h e  f a l l  o r  t o o  
l a t e  i n  t h e  w i n t e r  e x h i b i t  poor s t o r a g e  l i f e  and 
low s u r v i v a l  when p lan ted  immediately. I d e a l  
s t o r a g e  temperature f o r  southern p ines  i s  s l i g h t l y  
above f r e e z i n g  a t  Z°C ( W i l l i s t o n ,  1974). Temper- 
a t u r e  d e v i a t i o n  of s e v e r a l  degrees i n  e i t h e r  
d i r e c t i o n  w i l l  decrease  s t o r a g e  l i f e  and s u r v i v a l  
(Mi l le r ,  1980). The d u r a t i o n  of co ld  s t o r a g e  should 
be minimized. The b e s t  s u r v i v a l  and performance 
u s u a l l y  occur  i n  s e e d l i n g s  which a r e  immediately 
p lan ted  a f t e r  l i f t i n g  (Dierauf and Marler ,  1979). 
Dierauf (1973) repor ted  t h a t  l o b l o l l y  s e e d l i n g s  
could be s t o r e d  f o r  up t o  t h r e e  and a h a l f  months 



without  a  reduc t ion  i n  s u r v i v a l  providing t h a t  
t h e  s e e d l i n g s  were dormant when placed i n t o  
s t o r a g e .  Some n o r t h e r n  s p e c i e s  remain i n  s t o r -  
age f o r  s i x  months p r i o r  t o  p l a n t i n g  ( f i l l e r ,  
1980). 

Cold s t o r a g e  a s  p r a c t i c e d  today r e p r e s e n t s  
an a r t i f i c i a l  environment i n  comparison t o  t h e  
n a t u r a l ,  f i e l d  environment. Light  i s  t o t a l l y  
excluded and temperature i s  f a i r l y  cons tan t  
around bo th  t h e  shoot and r o o t s .  Under f i e l d  
c o n d i t i o n s ,  seed l ings  a r e  exposed t o  l i g h t  and 
t h e r e  i s  u s u a l l y  a  temperature d i f f e r e n c e  between 
t h e  r o o t s  and shoots .  Most impor tan t ly ,  t h e  r o o t s  
a r e  warmer than t h e  shoots  and t h e  shoots  a r e  
exposed t o  s u n l i g h t .  

Measurement of d ry  weight accumulation and 
photosynthes i s  dur ing  t h e  win te r  months sugges t s  
t h a t  t h e s e  months a r e  important  t o  t h e  physio- 
l o g i c a l  well-being of seed l ings .  Bradbury and 
Malcolm (1978) found t h a t  dry weight of S i t k a  
spruce  (P icea  s i t c h e n s i s )  s e e d l i n g s  doubled 
between l a t e  September and mid-April i n  southern 
Scot land.  They f u r t h e r  repor ted  t h a t  t h e  d ry  
weight i n c r e a s e  was s i m i l a r  i n  t h e  r o o t s  and 
shoots  u n t i l  mid-January a f t e r  which proport ion-  
a l l y  more d r y  weight accumulated i n  t h e  need les .  
Per ry  (1971b) observed s i m i l a r  d ry  weight in-  
c r e a s e s  i n  l o b l o l l y  p ine  (Pinus taeda)-and sweet- 
gum (Liquidambar s t y r a c i f l u a ) .  Between December 
20 and A p r i l  1, sweetgum increased  dry  weight by 
42 percen t  and l o b l o l l y  p ine  increased  by 62 
percen t  even though n i g h t  temperatures  were 
f r e q u e n t l y  below - 5 ' ~ .  It i s  known t h a t  t r e e s  
w i l l  photosynthesize dur ing  t h e  win te r  which i s  
probably respons ib le  f o r  t h e  observed dry  weight 
i n c r e a s e s .  S t r a i n  e t  a l .  (1976) observed photo- 
s y n t h e t i c  r a t e s  i n  l o b l o l l y  p i n e  s e e d l i n g s  of 
between 8 and 11 mg C02 g-l h-I a t  5 ' ~  under 
c o n t r o l l e d  environment. C o r r e l a t i v e  f i e l d  
measurements i n  t h i s  same s tudy  i n d i c a t e d  n e t  
photosynthe t ic  r a t e s  of 1 .5 mg CO dm-' h" a t  
600 pE mm2 s-I and 3.0 mg C02 dm-$ hml a t  2200 UE 
m'2 S-I whi le  t h e  a i r  temperature ranged from 
5* t o  -10 '~ .  The a r t i f i c i a l  environment of cold 
s t o r a g e  may have an adverse e f f e c t  on s e e d l i n g  
physiology dur ing  s t o r a g e  and t h i s  may c a r r y  over  
a f  t e r  ou tp lan t ing .  

Stored s e e d l i n g s  e x h i b i t  dry weight l o s s e s  
p r o p o r t i o n a l  t o  d u r a t i o n  i n  s t o r a g e .  Wilner and 
Vaar ta ja  (1958) observed weight l o s s e s  of f o u r  
deciduous s p e c i e s  t o  range from 3.3 percen t  t o  
7.2 percen t  dur ing  c e l l a r  s t o r a g e .  I n  a  review 
by Aldhous (1964), weight l o s s  dur ing  cold 
s t o r a g e  was repor ted  t o  be between one and twa 
percen t  and very seldomly t h r e e  percent  a f t e r  
s e v e r a l  months' s to rage .  He concluded t h a t  sur-  
v i v a l  was b e s t  when weight l o s s  was minixtized. 
I n  more r e c e n t  research ,  Buckley and Love11 (1974) 
repor ted  a  41 percent  decrease i n  dry weight of 
S i t k a  spruce s e e d l i n g s  s t o r e d  f o r  20 weeks. 
Analyzing weight changes i n  r o o t s  and shoots ,  
they found t h a t  r o o t  d r y  weight decreased only 
17 percen t  i n  20 weeks of s t o r a g e  whereas shoot  

dry weight decreased 48 percent .  They concluded 
t h a t  main and l a t e r a l  shoot need les  were most 
adverse ly  a f f e c t e d  by s to rage .  Red p i n e  and 
white  spruce showed about a  4 percen t  d ry  weight 
decrease  dur ing  100 days of co ld  s t o r a g e  (van den 
Driessche,  1979). Furthermore, d ry  weight reduc- 
t i o n  r a t e  was found t o  be r e l a t e d  t o  r e s p i r a t i o n  
r a t e  dur ing  s to rage .  Three-year-old Sco ts  p i n e  
l o s t  only 3 percen t  d r y  weight a f t e r  s i x  months 
of s t o r a g e  when s e a l e d  i n  p l a s t i c  bags,  bu t  
seed l ings  i n  unsealed conta iners  had h igher  r a t e s  
of l o s s  (Langstrom, 1971 c i t e d  i n  van den Driessche,  
1979). 

The e f f e c t  of photoperiod on seed l ings  dur ing  
cold s t o r a g e  has rece ived  very  l i t t l e  a t t e n t i o n  
i n  t h e  l i t e r a t u r e .  Deffenbacher and 'Wright (1954) 
noted t h a t  t h e r e  was evidence t h a t  l i g h t  r e t a r d s  
molds which grow on seed l ings  s t o r e d  i n  t h e  dark.  
Lavender and Wareing (1972) concluded t h a t  t h e  
d e l e t e r i o u s  e f f e c t s  of dark s t o r a g e ,  i . e .  poor 
r o o t  regenera t ion ,  could be g r e a t l y  reduced by a  
d a i l y  exposure t o  s e v e r a l  hours of low l i g h t  
i n t e n s i t y  i l l u m i n a t i o n .  Addi t iona l ly ,  they f e l t  
t h a t  t h i s  l i g h t  e f f e c t  was n o t  a t t r i b u t a b l e  t o  
photosynthes i s ,  bu t  t o  a  more favorab le  hormone 
balance,  s p e c i f i c a l l y  g i b b e r e l l i n s .  A c o n t i n u a t i o n  
of t h i s  r e s e a r c h  was repor ted  by Lavender (1978). 
Bud a c t i v i t y  of Douglas-fir s e e d l i n g s  was monitored 
a f t e r  co ld  s t o r a g e  under 0 ,  8  and 16 hour photo- 
period.  P l a n t s  maintained a t  low temperatures  
were found t o  resume a c t i v e  growth more r a p i d l y  
when exposed t o  a  long d a i l y  photoperiod.  Unfor- 
t u n a t e l y ,  h e  d i d  no t  sample dry weights  o r  any 
o t h e r  phys io log ica l  parameter which could have 
provided an understanding of t h e  response. 

The purpose of t h i s  s tudy was t o  assess  t h e  
e f f e c t  of photoperiod dur ing  cold s t o r a g e  of Lob- 
l o l l y  p ine  on seed l ing  s u r v i v a l  and growth. 

METHODS AND MATERIALS 

Seedl ings  of Pinus taeda  were machine l i f t e d  
i n  mid-December, 1981 from t h e  V i r g i n i a  Div is ion  
of F o r e s t r y  (VDF), New Kent F o r e s t r y  Center Nursery, 
packaged, and placed i n t o  2'C co ld  s to rage .  On 
January 4, 1982, t h r e e  l i g h t  t rea tments  were im- 
posed dur ing  co ld  s to rage :  1 )  Cont ro l ,  no l i g h t ;  
2) 8  hour photoperiod under four-40 Watt Gro-lux 
f l u o r e s c e n t  lamps, photosynthe t ic  photon f l u x  
d e n s i t y  of 150 JJE mw2 s'l ; and 3) 16 hour photo- 
per iod  under same l i g h t  a s  i n  2 ) .  Two VDF s e e d l i n g  
b a l e s  (1000 seed l ings  p e r  ba le )  p e r  t reatment  were 
used t o  account f o r  v a r i a t i o n  among b a l e s  (Tom 
Dierauf ,  persona l  c o m u n i c a t i o n ) .  Addi t iona l ly ,  
a t  t h e  time t h e  photoperiod t rea tments  were imposed, 
800 s e e d l i n g s  per  l i g h t  t reatment  were packaged 
i n  a  modified Kraft-polyethylene bag t o  t e s t  
packaging e f f e c t s ;  t h e  bags were cu t  i n  h a l f  and 
t h e  bags were placed u p r i g h t  t o  expose t h e  shoots .  
Storage l a s t e d  f o r  two months. 

The seed l ings  were sampled before  and a f t e r  
s t o r a g e  f o r  r o o t ,  stem and need le  biomass (d ry  



weight) ,  and root  c o l l a r  diameter. Height was 
not  measured i n i t i a l l y  because a l l  seedlings 
were f a i r l y  uniform i n  s i z e  due t o  top c l ipping  
p rac t i ce s  i n  t he  nursery. 

Af ter  s torage ,  t he  bulk of t he  seedlings 
were outplanted a t  t he  Reynolds Homestead Research 
Center, C r i t z ,  Virginia,  The study employed a 
randomized spli t-block design. Four blocks of 
114 ac re  each were planted a t  a 4 '  x 4'  spacing. 
One hundred seedlings per treatment of s i x  t r e a t -  
ments were planted on each block. To account f o r  
v a r i a b i l i t y  among UDF bales ,  seedl ings  from 
d i f f e r e n t  ba les  were planted separa te ly .  

Hor t a l i t y  and bud a c t i v i t y  (see descr ip t ion  
below) were measured monthly f o r  t he  f i r s t  two 
months i n  t he  f i e l d .  F i r s t  year mor ta l i ty  was 
measured i n  l a t e  September. 

To fu r the r  quant i fy  d i f ferences  i n  growth 
among treatments,  10 seedl ings  per treatment and 
10 seedl ings  l i f t e d  from t h e  seedbed when the  
o ther  seedlings came out  of s torage  ( f resh  l i f t e d )  
were pot ted  and grown i n  a greenhouse. In tens ive  
measurements were made of t h e  bud a c t i v i t y  during 
the  f i r s t  two months a f t e r  planting.  The bud 
a c t i v i t y  of t he  seedlings was assessed weekly 
a f t e r  p lant ing  using the  following numerical 
r a t i n g  system: 0 - no bud a c t i v i t y ;  1 - bud 

swell ing;  2 - stem elongation beginning; and 3 - 
continued stem elongation and elongation of 
needle primordia. Af ter  t he  seedlings had s e t  a 
winter  bud (October l ) ,  they were measured f o r  
dry weight, root  c o l l a r  diameter and t o t a l  height .  

Cold Storage 

The dry weight changes i n  t he  roo t s ,  stems 
and needles during cold s torage  a r e  presented i n  
Figure 1. There were no cons is ten t  t rends i n  t h e  
dry weight changes with photoperiod treatment. 
However, the  dry weights of seedlings i n  t he  VDF 
bales  i n  t he  8 and 16 hour photoperiod exhib i ted  
increases  during storage.  The f r e sh - l i f t ed  
seedlings showed dry weight increases  i n  root  and 
stem t i s s u e ,  and a decrease i n  t he  needles. Total 
dry weight increase  of the  f r e sh - l i f t ed  seedlings 
was four  percent .  

During p lant ing  of both s tud ie s ,  two seedl ing  
packages were observed t o  have dr ied  during s to r -  
age. One VDF bale  i n  t he  8 hour photoperiod t r e a t -  
ment and the  16 hour bag treatment had dr ied  t o  
t he  point  where t he  kaol in  clay-dip on the  roo t s  
had become powdery. This low water content during 
s torage  was manifested i n  lower surv iva l  and bud 
a c t i v i t y .  

1 
NEEDLE 

I 1 
Bale Bag Bale Bag Bale Bag Fresh 

Li t  ted 

Photoperiod Treatment 

Figure 1. The percent dry weight changes i n  the  roo t ,  stem, needle 
and t o t a l  of l ob lo l ly  pine seedlings s tored  f o r  two months a t  
2 ' ~ .  The seedlings were t r ea t ed  t o  d i f f e r e n t  photoperiods and 
packaging i n  cold storage.  



Days After Planting 

Figure 2. The mean bud activity of loblolly pine seedlings grown in a greenhouse. 
The bud activity stages are: 0-no activity; 1-bud swelling; 2-stem elongation; 
3-continued stem elongation and elongation of needles. 

Greenhouse Study they came out of storage, 

Seedling survival in this study was high, as Bud activity was strongly influenced by the 
expected. Four of the seven treatments exhibited photoperiod treatments (fig. 2). Two weeks after 
100 percent survival. Bale 0 hour and 8 hour had planting, the 8 hour an.d 16 hour bag treatment 
90 percent survival, and bag 16 hour had 70 per- seedlings showed the most activity. A week later 
cent survival. This mortality is reflective of the 16 hour bag seedlings stagnated and lagged 
the observation made above; however, the bale 0 behind most of the other treatments. Although the 
hour seedlings appeared adequately hydrated when fresh lifted seedlings lagged initially, they 

Table 1.--The number of days to reach a mean bud activity of 1 and 2 in loblolly pine 
seedlings growing in a greenhouse. The seedlings were treated to different photo- 
periods and packaging during two months of cold storage at 2'~. 

Mean Bud Activity 

Package Photoperiod 1.0 2.0 

Time 
la (days) 

Bale 0 2 7 4 3  

Fresh Lifted - 16 2 3 



ultimately exhibited the highest bud activity. 
The slowest seedlings to break bud were in the 0 
hour and 8 hour bale treatments. The other treat- 
ments were intemediate in their response. 

From figure 2, the number of days to achieve 
a mean bud activity of 1.0 and 2.0 was determined 
(Table 1). mereas it took seedlings from the 8 
hour bag treatment only 13 days to reach a mean 
bud activity of 1.0, i.e, bud swelling , both the 
0 hour and 8 hour bale treatment seedlings 
required twice as long, 27 days, to reach the 
same activity. Fresh-lifted seedlings began stem 
elongation (bud activity of 2.0) only 23 days 
after planting and it took the 8 hour bag treat- 
ment seedlings an additional three days, 26 days 
total, to achieve the same activity. The 0 hour 
bale seedlings were the slowest to break bud, 
requiring 43 days to achieve a mean bud activity 
of 2.0. 

The mean bud activity correlated well with 
mean seedling height measured six months later 
(fig. 3). The mean bud activity measured on 
April 16 and April 23 gave coefficients of deter- 
mination of 0.99 and 0.88, respectively when 
regressed with total height. The 8 hour bale 
treatment, however, was an outlier and was not 
included in the regression. The validity of 
these regression equations is supported by the 

nearly equal intercept values, 22.12 and 22.32. 
The intercept values represent the mean seedling 
height in centimeters at the time of planting. 

Field Study 

Field survival of the seedlings by treatment 
again showed the influence of water content during 
storage (fig. 4). Both 8 hour bale and 16 hour 
bag seedlings had low survival, 67 and 64 percent 
respectively, after the first year in the field. 
All of the other treatments had comparable survival, 
on the order of 85 percent. 

Seedling bud activity in the field was much 
lower than in the greenhouse study (Table 2). One 
month after planting, seedlings in all of the 
treatments had a mean bud activity of only 0.45. 
This indicates that roughly half of the seedlings 
had swollen buds. Treatment effects became evident 
two months after planting. As in the greenhouse 
study, the 8 hour bag treatment seedlings had the 
highest activity with a mean of 2.28. Both 0 hour 
and 8 hour bale treatment seedlings were low, 
similar to the greenhouse study. However, the 16 
hour treatment seedlings had the lowest bud activity 
in the field with a mean of 1.72. The 16 hour 
bale and 0 hour bag treatment seedlings were simi- 
lar in bud activity, paralleling the greenhouse 
study results. 

OOh B a g  -23 -4 -82  
A 8h  Bale 
A 8hBae 

16h Bale 
0 16h Bag 

Mean Bud A c t i v i t y  

Figure 3. Second year height after growing for six months in a 
greenhouse as it relates to the mean bud activity measured at 
two times in the spring. 
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Figure  4.  The mean f i e l d  s u r v i v a l  of l o b l o l l y  p i n e  seed l ings  a f t e r  1, 2, and 6 months 
by photoperiod and packaging t rea tment .  Each mean i s  based on a sample of 400 
seed l ings .  Means 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  95% 
p r o b a b i l i t y  l e v e l .  

Table 
t h e  
2 OC 

2.--The mean bud a c t i v i t y  of l o b l o l l y  p i n e  seed l ings  a f t e r  one and two months i n  
f i e l d  a s  a f f e c t e d  by photoperiod and packaging dur ing  two months co ld  s t o r a g e  a t  
. Values repor ted  a r e  t h e  means f s tandard  e r r o r  of 400 seed l ings .  The bud 

a c t i v i t y  s t a g e s  a r e :  0 - no a c t i v i t y ;  1 - bud swel l ing ;  2 - stem e longa t ion ;  3 - 
continued stem e longa t ion  and e longa t ion  of need les .  

Time A f t e r  P l a n t i n g  

Package Photoperiod 1 month 2 month 

(In> - 
Bale 0 0.48 lt0.02 1.82 It0.07 



DISCUSSION 

The dry  weight l o s s e s  dur ing  cold s t o r a g e  
(Table I )  were s in r i l a r  t o  t h o s e  repor ted  f o r  red 
p ine  and white  spruce (van den Driessche,  19791, 
Scots  p i n e  ($angstrom, 1971 c i t e d  i n  van den 
Dr iessche ,  1979) and o t h e r  f o r e s t  t r e e  s e e d l i n g s  
(Aldhous, 1 9 6 4 ) .  Buckley and Love11 (1974) 
r e p o r t e d  l o s s e s  of 17 percen t  i n  r o o t  d ry  weight 
and 48 percen t  i n  shoot  d ry  weight of S i t k a  
spruce s t o r e d  f o r  20 weeks. I n  t h e  p resen t  
s tudy  wi th  only 8 weeks of s t o r a g e ,  r o o t  d ry  
weight l o s s e s  were c o n s i s t e n t l y  g r e a t e r  than 
l o s s e s  i n  shoot  d ry  weight.  

The dry  weight i n c r e a s e  recorded f o r  a l l  of 
t h e  t i s s u e  of t h e  8 hour and 16 hour b a l e  t r e a t -  
ment s e e d l i n g s  c o n f l i c t s  wi th  a l l  previous 
r e p o r t s .  The p o s s i b i l i t y  e x i s t s  t h a t  l a r g e r  than 
average s e e d l i n g s  were sampled ou t  of t h e s e  
t r e a t m e n t s ,  thus  b i a s i n g  t h e  mean dry  weight.  

The f r e s h - l i f t e d  s e e d l i n g s  e x h i b i t e d  only a 
s l i g h t  i n c r e a s e  i n  d ry  weight dur ing  two months 
i n  t h e  seedbed. This c o n f l i c t s  wi th  t h e  paper 
of Bradbury and Malcolm (1978) which repor ted  a 
doubling i n  d ry  weight i n  S i t k a  spruce dur ing  t h e  
w i n t e r .  Likewise, Per ry  (1971b) repor ted  a 62 
percen t  i n c r e a s e  i n  t h e  d ry  weight of l o b l o l l y  
p i n e  s e e d l i n g s  between December and Apr i l .  It i s  
very  probable t h a t  s i g n i f i c a n t  d r y  weight i n c r e a s e s  
occur  p r i m a r i l y  i n  e a r l y  win te r  (December) and 
Pa te  Spring (March) when t h e  environmental con- 
d i t i o n s  a r e  more s u i t a b l e  f o r  photosynthesis .  

Photosynthesis  a s  a c o n t r i b u t i n g  f a c t o r  f o r  
t h e  observed t reatment  response can be s a f e l y  
e l imina ted .  F i r s t ,  t h e  photosynthe t ic  photon f l u x  
d e n s i t y  of t h e  l i g h t s  i n  t h e  photoperiod t r e a t -  
ments was l e s s  than 10 percen t  of f u l l  s u n l i g h t .  
There i s  a good p o s s i b i l i t y  t h a t  t h e  l i g h t  com- 
pensa t ion  p o i n t  f o r  photosynthes i s  was n o t  sur-  
passed. Secondly, t h e r e  were no c o n s i s t e n t  d ry  
weight i n c r e a s e s  i n  t h e  s e e d l i n g s  exposed t o  t h e  
two photoperiods which would have suggested t h a t  
n e t  photosynthes i s  was occur r ing .  

With o t h e r  f a c t o r s  being equa l ,  i t  was 
hypothesized t h a t  t h e  response i n  bud a c t i v i t y  t o  
photoperiod should have been: 16 hour > 8 hour > 
0 hour. Likewise, i t  was hypothesized t h a t  t h e  
bud a c t i v i t y  response t o  package t reatment  should 
have been: bag > b a l e ,  due p r i m a r i l y  t o  t h e  s e l f -  
shading e f f e c t  of t h e  b a l e  l y i n g  i n  t h e  h o r i z o n t a l  
p o s i t i o n .  A s  i n d i c a t e d  i n  f i g u r e  2 and Table 1 ,  
t h e  o r d e r  of bud a c t i v i t y  was f r e s h - l i f t e d  ( a s  
expected from previous work; Dierauf and Marler ,  
1969) > 8 hour bag > 16 hour b a l e  > O hour bag > 
15 hour bag > 8 hour b a l e  > 0 hour b a l e ,  Both 
t h e  16 hour bag and 8 hour b a l e  were lower than 
expected,  bu t  t h i s  can be a t t r i b u t e d  t o  t h e i r  
excess ive  dry ing  dur ing  s to rage .  I n  a l l  c a s e s ,  
however, bud a c t i v i t y  was a c c e l e r a t e d  over t h e  
c o n t r o l ,  O hour b a l e ,  even when seed l ings  had 
d r i e d  ou t  dur ing  s t o r a g e .  The l a r g e  d i s p a r i t y  
between O hour bag and 0 hour b a l e  seed l ings  may 

be a t t r i b u t e d  t o  t h e  o r i e n t a t i o n  of t h e  s e e d l i n g  
axes dur ing  co ld  s to rage .  I n  t h e  b a l e  t rea tments ,  
t h e  s e e d l i n g s  were s t o r e d  i n  a h o r i z o n t a l  f a s h i o n ,  
whereas t h e  s e e d l i n g s  i n  t h e  K-P bags were i n  a 
v e r t i c a l  o r i e n t a t i o n .  It i s  well-known t h a t  
o r i e n t a t i o n  i n f l u e n c e s  t h e  d i s t r i b u t i o n  and t r a n s -  
p o r t  of p l a n t  growth r e g u l a t o r s  ( Z i m e m a n  and 
Brown, 1975). For t h i s  same reason,  bud a c t i v i t y  
i n  t h e  f i e l d  was equal  f o r  0 hour bag and 16 hour 
b a l e  (Table 2 ) .  Seed l ing  bud a c t i v i t y  i n  t h e  
f i e l d  was 8 hour bag > 0 hour bag = 16 hour b a l e  > 
8 hour b a l e  > O hour b a l e  > 16 hour bag. 

The r e s u l t s  of t h e  bud a c t i v i t y  i n  t h e  p r e s e n t  
s tudy  a r e  supported by t h e  work reporced by Lavender 
(1978) wi th  Douglas-fir.  He found t h a t  t h e  longer  
t h e  photoperiod dur ing  s t o r a g e ,  t h e  more a c c e l e r a t e d  
was bud a c t i v i t y ,  As d i scussed  above, t h e  accel-  
e r a t e d  bud a c t i v i t y  was n o t  a t t r i b u t e d  t o  a photo- 
s y n t h e t i c  response. Lavender and Wareing (1972) 
concluded t h a t  t h e  a c c e l e r a t e d  bud a c t i v i t y  due t o  
a photoperiod t rea tment  was a r e s u l t  of changes i n  
g i b b e r e l l i n  ( a  p l a n t  growth s t i m u l a t o r )  concentra-  
t i o n  i n  t h e  buds of Douglas-fir r a t h e r  than be ing  
due t o  photosynthesis .  More r e c e n t l y ,  a b s c i s i c  
a c i d  ( a  p l a n t  growth i n h i b i t o r )  concent ra t ion  i n  
buds has been found t o  change seasona l ly  i n  a 
number of s p e c i e s  (Harr ison and Saunders, 1975; 
Webber, e t  a l .  1979). Growth i n h i b i t o r  concentra-  
t i o n  c o n s i s t e n t l y  decreased p r i o r  t o  bud break.  
Addi t iona l ly ,  a b s c i s i c  ac id  has been demonstrated 
t o  be p h o t o s e n s i t i v e ,  photoisomerizing t o  a bio-  
l o g i c a l l y  i n a c t i v e  isomer and even photo-oxidizing 
i n t o  i n a c t i v e  m e t a b o l i t e s  (Johnson, 1981). It may 
be, t h e r e f o r e ,  t h a t  t h e  photoperiod t rea tments  
a c c e l e r a t e  t h e  concent ra t ion  decrease  of a b s c i s i c  
a c i d  i n  t h e  buds, a l lowing them t o  become meta- 
b o l i c a l l y  a c t i v e  sooner a f t e r  p lan t ing .  

The use of photoperiod t rea tments  dur ing  co ld  
s t o r a g e  t o  a c c e l e r a t e  bud a c t i v i t y  can be j u s t i f i e d  
only i f  t h e  t rea tment  response cont inues through 
t h e  growing season. Under greenhouse c o n d i t i o n s ,  
t h e  c o r r e l a t i o n  between bud a c t i v i t y  i n  t h e  s p r i n g  
and f i n a l  h e i g h t  was q u i t e  good ( f i g .  3 ) .  The 
t r u e  t e s t ,  however, w i l l  come wi th  t h e  a n a l y s i s  of 
t h e  f i e l d  s tudy  da ta .  

Data have been presen ted  showing t h a t  t h e  
presence of low i n t e n s i t y  l i g h t  dur ing  co ld  
s t o r a g e  of p ine  s e e d l i n g s  a c c e l e r a t e s  bud a c t i v i t y  
a f t e r  p l a n t i n g .  This  a c c e l e r a t e d  bud a c t i v i t y  i s  
c a r r i e d  over t h e  growing season r e s u l t i n g  i n  t a l l e r  
s e e d l i n g s  a t  t h e  end of t h e  season. The maintenance 
of a favorab le  water  s t a t u s  dur ing  s t o r a g e  i s  
paramount t o  minimizing seed l ing  m o r t a l i t y .  
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THE DEVELOPMENT OF ECTOmCORRHIZAE ON CONTAINERIZED 

SWEET BIRCH AND EUROPEAN ALDER SEEDLINGS FOR 

PLANTING ON LOW-QUALITY SITE& 

R. F. Walker, D. C. West, and S. B.. ~ c ~ a u ~ h l i d f  

Abstract.--A s tudy  was i n i t i a t e d  t o  a s s e s s  t h e  p o t e n t i a l  
of P i s o l i t h u s  t i n c t o r i u s  a s  an ectomycorrhizal  a s s o c i a t e  of 
c o n t a i n e r i z e d  sweet b i r c h  (Betu la  l e n t a )  and European a l d e r  
(Alnus g l u t i n o s a )  s e e d l i n g s  and t o  determine t h e  e f f e c t  of 
t h i s  funga l  symbiont on s e e d l i n g  growth. I n  a t e s t  of sweet 
b i r c h  and ~ u r o ~ e a n  a l d e r  grown i n  Leach tubes ,  P. t i n c t o r i u s  
formed abundant ectomycorrhizae on sweet b i r c h  when i n t r o -  
duced v i a  a v e g e t a t i v e  myce l ia l  inoculum. Cenococcum 
geophilum, o r i g i n a t i n g  from s c l e r o t i a  p resen t  i n  t h e  p o t t i n g  
medium. and T h e l e ~ h o r a  t e r r e s t r i s ,  in t roduced  v i a  wind-borne 
propagules ,  formed ectomycorrhizae on the  sweet b i r c h  seed- 
l i n g s  inocula ted  wi th  11. t i n c t o r i u s  and on t h e  sweet b i r c h  
c o n t r o l  seed l ings .  C. geophilum a l s o  formed ectomycorrhizae 
on the  inocula ted  a n x  c o n t r o l  European a l d e r  s e e d l i n g s ,  bu t  
an i n o c u l a t i o n  wi th  P. t i n c t o r i u s  d i d  not  r e s u l t  i n  t h e  
formation of PI t i n c t o r i u s  ectomycorrhizae on t h i s  h o s t .  
Sweet b i r c h  s e e d l i n g s  i n f e c t e d  wi th  P. t i n c t o r i u s  had a 
g r e a t e r  d r y  weight ,  h e i g h t ,  r o o t  c o l l a r  diameter ,  and volume 
and a lower s h o o t / r o o t  r a t i o  than t h e  sweet b i r c h  c o n t r o l  
s e e d l i n g s ,  and European a l d e r  s e e d l i n g s  wi th  abundant 
C. geophilum ectomycorrhizae e x h i b i t e d  a s i m i l a r  improvement - 
i n  growth i n  comparison wi th  European a l d e r  w i t h  l e s s e r  
C. geophilum i n f e c t i o n s .  The i n o c u l a t i o n  of con ta iner ized  - 
sweet b i r c h  and European a l d e r  s e e d l i n g s  i n  t h e  nurse ry  wi th  
t h e  a p p r o p r i a t e  ectomycorrhizal  symbiont may f a c i l i t a t e  t h e  
es tab l i shment  of these  s p e c i e s  on harsh  s i t e s  such a s  
s u r f a c e  mine s p o i l s .  

INTRODUCTION 

L/ Paper presented a t  t h e  Southern 
S i l v i c u l t u r a l  Research Conference , Atlan ta ,  
Georgia, November 4-5, 1982. 

2Lf The a u t h o r s  a r e  Pos tdoc tora l  Research 
Fellow and Research S t a f f  Members, r e s p e c t i v e l y ,  
Environmental Sciences Div is ion ,  Oak Ridge 
National  Laboratory,  Oak Ridge, Tennessee 
37830. This research  was sponsored by t h e  
Biomass Energy Technology Divis ion of t h e  U.S. 
Department of Energy under c o n t r a c t  
W-7405-eng-26 wi th  Unlon Carbide Corporation. 
P u b l i c a t i o n  No. 2070, E n v i r o m e n t a l  Sciences 
Div is ion ,  ORNL. The a u t h o r s  a r e  indebted t o  
Abbott Labora tor ies  and t o  t h e  I n s t i t u t e  f o r  
Mycorrhizal Research and Development of t h e  
USDA F o r e s t  Serv ice  f o r  t h e i r  a s s i s t a n c e .  The 
use  of t r a d e  names i n  t h i s  p u b l i c a t i o n  does n o t  
c o n s t i t u t e  a n  endorsement by t h e  Oak Ridge 
National  Laboratory. 

Formal and informal  s t u d i e s  involving 
performance comparisons among t r e e  spec ies  of 
p o t e n t i a l  va lue  f o r  t h e  r e v e g e t a t i o n  of 
surface-mined l a n d s  were c a r r i e d  ou t  exten- 
s i v e l y  i n  t h e  e a r l i e r  years  of reclamation 
research  (Ashby e t  a l .  1980, Boyce and Merz 
1959, Boyce and Neebe 1959, Brown 1962, Chapman 
1944, Clark 1954, Czapowskyj 1970, Czapowskyj 
and McQuilkin 1966, DenUyl 1962, Finn 1958, 
Geyer 1971, Geyer 1973, Kart and Byrnes 1960, 
Horn and Ward 1969, Limstrom 1952, Limstrom 
1960, Limstrom and Deitschman 1951, Medvick 
1973, Miles e t  a l .  1973, P l a s s  1975). P o r t i o n s  
of the  d a t a  genera ted  i n  t h e s e  s t u d i e s  have 
been used i n  t h e  development of p lan t ing  gu ides  
t o  f a c i l i t a t e  s p e c i e s  s e l e c t i o n  (Boyce and 
Neebe 1959, Limstrom 1960, Vogel 1981). 
Nevertheless ,  t h e  r e v e g e t a t i o n  of s u r f a c e  mine 
s i t e s  wi th  f o r e s t  t r e e  s p e c i e s  has. o f t e n  been 



discouraged i n  r e c e n t  y e a r s  due t o  s o c i a l ,  
p o l i t i c a l ,  l e g a l ,  economic, o r  t e c h n i c a l  
r easons  (Smith 1980, Vogel 1979, White 1980). 
Many of t h e  s p e c i e s  w i t h  apparen t  p o t e n t i a l  f o r  
t h e  r e v e g e t a t i o n  of t h e s e  s i t e s  have n o t  been 
deployed due t o  d e f i c i e n c i e s  i n  es tab l i shment  
t echn iques  which r e s u l t  i n  a  poor o v e r a l l  
pe r fomance .  Two r e c e n t  developments i n  t h e  
p r a c t i  c e  of f o r e s t r y  have p o t e n t i a l  f o r  
a l l e v i a t i n g  t h i s  problem: ( I )  t h e  i n o c u l a t i o n  
of s e e d l i n g s  i n  t h e  nurse ry  wi th  a  mycorrhizal  
fungus and ( 2 )  t h e  use  of c o n t a i n e r i z e d  p lan t -  
ing  s t o c k .  Surv iva l  and growth on adverse  
s i t e s  may be g r e a t l y  enhanced by t h e  p l a n t i n g  
of s e l e c t e d  s p e c i e s  of c o n t a i n e r i z e d  s e e d l i n g s  
wi th  well-developed mycor rh iza l  r o o t  systems. 

There i s  ample ev idence  which s u g g e s t s  
t h a t  some mycorrhizal  f u n g i  have a  s u p e r i o r  
a b i l i t y  t o  provide b e n e f i t s  t o  t h e i r  h o s t s  
under t h e  adverse  c o n d i t i o n s  p reva len t  on 
s u r f a c e  mine s p o i l s .  These s i t e s  a r e  o f t e n  
c h a r a c 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 ,  
high c o n c e n t r a t i o n s  of t o x i c  subs tances ,  
e l e v a t e d  s u r f a c e  t empera tu res ,  and drought iness .  
Many workers (Hi le  and Hennen 1969, Lampky and 
Pe te r son  1963, Marx 1975, Marx 1977, Medve e t  
a l .  1977, Schramm 1966) have repor ted  t h e  
occurrence of bas id iocarps  of P i s o l i t h u s  
t i n c t o r i u s  (Pers . )  Coker and Couch a s s o c i a t e d  -- 
with  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 v a r i o u s  
mine s p o i l s ,  and p ine  s e e d l i n g s  wi th  a n  induced 
i n f e c t i o n  by P. t i n c t o r i u s  have been shown t o  
e x h i b i t  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  wi th  n a t u r a l l y  
occur r ing  funga l  symbionts on many adverse  
s i tes (Berry and Marx 1978, Marx 1976, Marx 
1980, Marx and Artman 1979, Walker e t  a l .  
1981). The g e n e r a l  t echn iques  developed f o r  
t h e  i n o c u l a t i o n  of bare-root  s e e d l i n g s  i n  t h e  
n u r s e r y  wi th  P. t i n c t o r i u s  (Marx 1969, Marx and 
Bryan 1975) have been shown t o  be a p p l i c a b l e  t o  
c o n t a i n e r i z e d  s e e d l i n g s  a s  w e l l  (Dixon e t  a l .  
1981, Goodwin 1980, Marx and Barne t t  1974, Marx 
e t  a l .  1982, Molina 1979, Ruehle 1980, Ruehle 
and Marx 1977, Ruehle e t  a l .  1981). 

Limited research  h a s  been conducted 
concerning t h e  a p p l i c a t i o n  of c o n t a i n e r i z a t i o n  
t o  t h e  r e f o r e s t a t i o n  of h a r s h  s i t e s  (Davidson 
and Sowa 1974a, Davidson and Sowa 1974b, 
Goodmn e t  a l .  1977) ,  bu t  t h e  r e s u l t s  of t h e s e  
s t u d i e s  have been inconc lus ive .  It i s  
g e n e r a l l y  accep ted  t h a t  t h e  b i o l o g i c a l  
advantages of p l a n t i n g  c o n t a i n e r i z e d  s e e d l i n g s  
on r o u t i n e  s i t e s ,  i . e . ,  t h e  p l a n t i n g  of i n t a c t  
r o o t  systems with l i t t l e  o r  no l o s s  of f i n e  
r o o t s  and t h e  a v a i l a b i l i t y  of  a  short- term 
e x t e r n a l  supply of n u t r i e n t s  and water  i n  t h e  
r o o t i n g  medlum, would prove t o  be of even 
g r e a t e r  importance on adverse  s i t e s .  

The s t u d y  repor ted  h e r e  was designed t o  
examine t h e  f e a s i b i l i t y  of i n f e c t i n g  con ta in -  
e r i z e d  sweet b i r c h  ( ~ e t u l a  l e n t a  L.) and 
European a l d e r  (Alnus g l u t i n o s a  [L.] Gaertn.)  
s e e d l i n g s  wi th  P, t i n c t o r i u s  f o r  use  i n  t h e  

r e v e g e t a t i o n  of adverse s i t e s .  Sweet b i r c h  
occurs  n a t u r a l l y  on a  wide v a r i e t y  of l e s s  
f a v o r a b l e  s i t e s  with rocky, coarse - tex tured ,  o r  
sha l low s o i l s  (Brooks 1920, Frothingham 1915, 
Frothingham 1931, Harlow and Har ra r  1969, 
I l l i c k  1915, Leak 1958, Tryon 1943) and h a s  
been considered a  s p e c i e s  of p o t e n t i a l  va lue  
f o r  purposes  of s o i l  p r o t e c t i o n  and s t a b i l i -  
z a t i o n  ( I l l i c k  1915) .  Tryon and Markus (1953) 
found sweet b i r c h  growing on i r o n  o r e  s p o i l  
banks i n  West V i r g i n i a ,  and i t  has  a l s o  been 
i d e n t i f i e d  a s  a  vo lun tee r  s p e c i e s  on c o a l  
s p o i l s  i n  West V i r g i n i a  (Brown and Tryon 1960)  
and Pennsylvania  (Schramm 1966). P l a s s  (1975) 
eva lua ted  t h e  rec lamat ion  p o t e n t i a l  of t h i s  
commercially important  s p e c i e s  on a  c o a l  s p o i l  
i n  Kentucky and found i t  t o  e x h i b i t  e x c e l l e n t  
s u r v i v a l  and growth a f t e r  four  y e a r s .  Prelim- 
i n a r y  examinat ions of t h e  mycorrhizal  
a s s o c i a t i o n s  of sweet b i r c h  have i n d i c a t e d  
P. t i n c t o r i u s  t o  be one of i t s  most p reva len t  - 
funga l  symbionts on h a r s h  s i t e s  (Marx 1975, 
Schramm 1966) and t h i s  h o s t  s p e c i e s  has  proven 
t o  be extremely r e c e p t i v e  t o  induced i n f e c t i o n s  
by P. t i n c t o r i u s  using a  v e g e t a t i v e  myce l ia l  
inoculum (Walker e t  a l .  1982). European a l d e r  
has  long been advocated a s  a  reclamation 
s p e c i e s  i n  Europe (Kohnke 1941) and has  ga ined  
c o n s i d e r a b l e  r e c o g n i t i o n  i n  t h e  United S t a t e s  
f o r  t h i s  p o t e n t i a l  (Bennett e t  a l .  1978, Dale 
1963, Funk 1973, Funk and Dale 1961, Limstrom 
1960, Eowry e t  a l .  1962, Miles e t  a l .  1973). 
This  s p e c i e s  o f f e r s  s u b s t a n t i a l  a m e l i o r a t i v e  
q u a l i t i e s  when p lan ted  on adverse  s i t e s  due t o  
i t s  a b i l i t y  t o  f i x  a tmospheric  n i t r o g e n  v i a  
nonleguminous r o o t  nodula t ion  (Stewart  1967). 
European a l d e r  i s  a  known h o s t  of ectomycor- 
r h i z a l  f u n g i  (Trappe 1962) ,  and D. H. Mar&/ 
(persona l  communication) has observed 
P. t i n c t o r i u s  b a s i d i o c a r p s  a s s o c i a t e d  w i t h  - 
European a l d e r  on harsh  s i t e s  i n  the  Tennessee 
Copper Basin. 

MATERIALS AND METHODS 

The v e g e t a t i v e  inoculum of P i s o l i t h u s  
t i n c t o r i u s  used i n  t h i s  s t u d y  was produced by 
Abbott L a b o r a t o r i e s - b y  t h e  method descr ibed  by 
Marx e t  a l .  (1982).?/ It c o n s i s t e d  of f u n g a l  
mycelia grown on a  ve rmicu l i t e -pea t  moss- 
n u t r i e n t  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 .  A s t e r i l e  
mixture  of v e r m i c u l i t e  and 5% p e a t  moss by 
volume rep laced  t h e  P. t i n c t o r i u s  inoculum f o r  
t h e  p roduc t ion  of c o n t r o l  s e e d l i n g s .  

2/ USDA Fores t  Serv ice ,  I n s t i t u t e  f o r  
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F o r e s t r y  Sciences Laboratory,  Car l ton  S t r e e t ,  
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Sweet b i r c h  and European a l d e r  seeds  from 
a n  e a s t  Tennessee source  were s t r a t i f i e d  under 
moist  c o n d i t i o n s  a t  3°C f o r  eight weeks. Ger- 
mina t ion  t e s t s  revea led  t h e  g e m i n a t i o n  success  
of  the  seed l o t s  of both s p e c i e s  t o  be approxi-  
mately 25X. The water  r i n s e  s t e r i l i z a t i o n  
method of 8. Y .  & r r f a l t ? l  (pe rsona l  con- 
munica t ion)  was used t o  s t e r i l i z e  t h e  seeds  of 
both s p e c i e s .  

A 1:1 volume r a t i o  of pea t  moss and 
h o r t i c u l t u r a l  grade v e r m i c u l i t e  steam s t e r i l -  
i z e d  a t  128°6 f o r  48 mlnutes  was used a s  t h e  
p o t t i n g  medium. The P. t i n c t o r i u s  inoculunr was 
i n c o r p o r a t e d  i n t o  t h C o t t i n g  medium a t  t h e  
volume r a t i o  of l : 1 5  such t h a t  an even d i s t r i -  
b u t i o n  of the  inoculum was assured .  Single-  
c e l l e d  Leach tube c o n t a i n e r s ,  3.65 m l  c a p a c i t y ,  
were f i l l e d  w i t h  t h e  i n o c u l a t e d  p o t t i n g  medium 
and sown wi th  f i v e  sweet b i r c h  o r  European 
a l d e r  seeds .  Control  c o n t a i n e r s  were prepared 
i n  a n  i d e n t i c a l  manner excep t  t h a t  a s t e r i l e  
mixture  of v e r m i c u l i t e  and pea t  moss was used 
i n  t h e  p lace  of t h e  8. t f n c t o r i u s  inoculutn. 
One hundred f i f t y  c o n t a i n e r s  of each h o s t  
species-ectomycorrhizal  t r ea tment  combination 
were d i s t r i b u t e d  i n  s i x  r e p l i c a t e  blocks of 
25 c o n t a i n e r s  each. The s e e d s  were misted f o r  
1 0  minutes  twice d a i l y  u n t i l  germinat ion;  a l l  
c o n t a i n e r s  were then  thinned t o  one s e e d l i n g  
each.  

The s e e d l i n g s  were grown under greenhouse 
c o n d i t i o n s  from September 1979 through March 
1980. The temperature  i n  t h e  greenhouse ranged 
from a maximum of 32°C dur ing  t h e  day t o  a  
minimum of 26°C a t  n i g h t .  The photoperiod was 
maintained a t  1 6  hours  using Gro & Shos f l u o r e s -  
c e n t  Lamps. A s o l u b l e  20-20-20 WK f e r t i l i z e r  
d i s s o l v e d  i n  d i s t i l l e d  water  was a p p l i e d  t o  a l l  
s e e d l i n g s  a t  t h e  r a t e  of approximately 
45 mglseedl ing a t  each f e r t i l i z a t i o n .  The 
f e r t i l i z e r  was a p p l i e d  every  t h r e e  weeks Prom 
October through March. Seques t renes  330 Pe 
i r o n  c h e l a t e  was a p p l i e d  w i t h  t h e  second 
f e r t i l i z a t i o n  a t  t h e  r a t e  of  approximately 
3.0 mg/seedl i@. A l l  s e e d l i n g s  were watered 
twice  weekly. The p o s i t i o n  of t h e  s e e d l i n g s  
w i t h i n  each r e p l i c a t e  block and t h e  p o s i t i o n  of 
each  r e p l i c a t e  block was changed weekly t o  
i n s u r e  t h a t  a l l  s e e d l i n g s  were sub jec ted  t o  
s i m i l a r  o v e r a l l  growth c o n d i t i o n s .  

Three m o n t h  a f t e r  seed ing ,  and a g a i n  a f t e r  
s i x  months a t  the complet ion of the  s tudy ,  
measurements of h e i g h t  and r o o t  c o l l a r  diameter  
were made on a l l  s e e d l i n g s  and a n  e s t i m a t e  of 
s e e d l i n g  volume was d e t e m l n e d  by m u l t i p l y i n g  
t h e  h e i g h t  of eaeh s e e d l i n g  by the square  of 
i t s  r o o t  c o l l a r  diameter  (Marx et a l .  l977a) .  
Two s e e d l i n g s  from each of t h e  s i x  r e p l i c a t e  
blocks of each h o s t  species-ectomycorrbizal  
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t r ea tment  combination were randomly s e l e c t e d  a t  
t h e  t e r n i n a t i o n  of t h e  s t u d y  t o  a s s e s s  t h e i r  
ectotnycorrhizal  development. The r o o t s  of 
t h e s e  s e e d l i n g s  were washed f r e e  of p o t t i n g  
medium and t h e  percen t  ectomycorrhizal  f o m a -  
t i o n  by s p b i o n t  was d e t e m l n e d  by a s c e r t a i n i n g  
t h e  t o t a l  number of s h o r t  r o o t s  of each r o o t  
system, d e t e m i n i n g  t h e  number of s h o r t  r o o t s  
i n f e c t e d  by each s p e c i f i c  funga l  symbiont, and 
express ing  t h e  l e v e l  of i n f e c t i o n  s f  each  
s p b i o n t  a s  a percentage.  Each symbiont was 
i d e n t i f i e d  by the c h a r a c t e r i s t i c  appearance of  
i t s  ectomycorrhizae. These s e e d l i n g s  were t h e n  
oven-dried a t  1005C f o r  24 hours ,  t h e  shoot  and 
r o o t  d r y  weights  were measured, and t h e  
s h o o t / r o o t  r a t i o  was determined. The d i f f e r -  
ences  between t h e  t rea tment  means of each h o s t  
s p e c i e s  were eva lua ted  wi th  t h e  t t e s t .  

RESULTS 

P i s o l i t h u s  t i n c t o r i u s  formed abundant 
ectomycorrhizae on t h e  r o o t s  of t h e  sweet b i r c h  
s e e d l i n g s  i n  response t o  t h e  inoculum incorpo-  
r a t e d  i n t o  t h e  p o t t i n g  medium p r i o r  t o  seed ing  
(Table 1 ) .  None of t h e  sweet b i r c h  c o n t r o l  
s e e d l i n g s  examined were i n f e c t e d  wi th  g. 
t i n c t o r i u s .  Na tura l ly  occur r ing  ectomycor- 
r h i z a e  r e s u l t i n g  from a n  i n f e c t i o n  by 
Cenococcum geophilum Fr .  and Thelephora 
t e r r e s t r i s  (Ehrh.1 Fr .  were found t o  have 
formed t o  a  minor e x t e n t  on t h e  inocu la ted  
sweet b i r c h  s e e d l i n g s  and comprised t h e  t o t a l  
ectomycorrhizal  development on t h e  sweet b i r c h  
c o n t r o l  s e e d l i n g s .  The i s o l a t e  of P. t i n c t o r i u s  
used i n  t h i s  s t u d y  d i d  no t  form ectomycorrhizae 
on t h e  r o o t s  of t h e  European a l d e r  s e e d l i n g s .  
C. geophilum ectomycorrhizae formed on both t h e  - -- 
European a l d e r  i n o c u l a t e d  wi th  P. t i n c t o r i u s  
and on t h e  c o n t r o l  s e e d l i n g s ,  but  were 
cons iderab ly  more abundant on t h e  inocu la ted  
s e e d l i n g s .  

The growth of t h e  sweet b i r c h  s e e d l i n g s  
was s i g n i f i c a n t l y  inc reased  by t h e  i n f e c t i o n  
w i t h  P. t i n c t o r i u s .  The t o t a l  d r y  weight was 
inc reased  412, and t h e  r e l a t i v e l y  g r e a t e r  r o o t  
weight o'f t h e  s e e d l i n g s  wi th  t i n c t o r i u s  
r e s u l t e d  i n  a 30% reduc t ion  i n  t h e  s h o o t / r o o t  
r a t i o ,  i n d i c a t i n g  t h a t  t h e s e  s e e d l i w s  had a 
s u p e r i o r  balance commonly d e s i r e d  f o r  success-  
f u l  establiskonent i n  t h e  f i e l d  (Table  2) .  
S i g n i f i c a n t  d i f f e r e n c e s  a l s o  occurred i n  t h e  
growth Ln h e i g h t  and roo t  c o l l a r  diameter  
(Table 3 ) .  The s e e d l i n g s  wi th  P. t i n c t o r i u s  
were 13% g r e a t e r  i n  he igh t  and 302 g r e a t e r  i n  
r o o t  c o l l a r  diameter  than  t h e  c o n t r o l  s e e d l i n g s  
a f t e r  t h r e e  months, and 212 and 192 g r e a t e r  i n  
h e i g h t  and r o o t  c o l l a r  d iamete r ,  r e s p e c t i v e l y ,  
a f t e r  s i x  months. These growth d i f f e r e n c e s  
became even more apparen t  when t h e  e s t i m a t e  of 
s e e d l i n g  volume was c a l c u l a t e d .  Ref lec t ing  t h e  
inc reased  growth i n  both h e i g h t  and roo t  c o l l a r  
d iamete r ,  t h e  volume of  t h e  s e e d l i n g s  wi th  _11. 
t i n c t o r i u s  was 832 g r e a t e r  a f t e r  t h r e e  months 
and 64% g r e a t e r  a f t e r  s i x  months than  t h a t  of 
t h e  c o n t r o l  s e e d l i n g s .  



Table 1.--The ectomycorrhizal  development of con ta iner ized  sweet b i r c h  and European a l d e r  
s e e d l i n g s  inocula ted  wi th  P i s o l i t h u s  t i n c t o r i u s  and c o n t r o l  s e e d l i n g s  a f t e r  s i x  months 
growth. 

Ectomycorrhizal I n f e c t i o n  (%)L/ 
Seedlings wi th  

P i s o l i  thus  Cenococcum P i s o l i  thus  
Treatment t i n c  t o r i u s  geophilum t e r r e s t r i s  T o t a l  t i n c t o r i u s  (%) 

Inoculated 2 7 
Control  0  

Level of 
s i g n i f  icanc&/ NA 

Inocula ted  0 
Control  0  

Level of 
s ignif icance&/ NA 

Each va lue  i s  t h e  mean percentage of t h e  s h o r t  r o o t s  i n f e c t e d  by each funga l  
symbiont of two s e e d l i n g s  from each of s i x  r e p l i c a t i o n s  per  t rea tment .  

L/ The d i f f e r e n c e  between t h e  t rea tment  means of each combination of h o s t  and 
funga l  symbiont was eva lua ted  wi th  t h e  t t e s t ;  ** denotes  t h a t  t h e  means d i f f e r  a t  a  
l e v e l  of s i g n i f i c a n c e  of P < 0.01; NS denotes  t h a t  t h e  means do n o t  d i f f e r  
s i g n i f i c a n t l y  (P > 0.05); and NA denotes  t h a t  t h e  t t e s t  i s  n o t  a p p l i c a b l e .  

S imi la r  d i f f e r e n c e s  i n  growth were 
e x h i b i t e d  by the  European a l d e r  s e e d l i n g s ,  bu t  
the  s u p e r i o r i t y  of the  s e e d l i n g s  inocula ted  
wi th  r. t i n c t o r i u s  r e f l e c t e d  t h e  g r e a t e r  
development of C. geophilum ectomycorrhizae 
r a t h e r  than  a  b e n e f i t  de r ived  from 
P. t i n c t o r i u s .  The t o t a l  d ry  weight of the  - 
inocu la ted  European a l d e r  s e e d l i n g s  was 88% 
g r e a t e r  than t h a t  of t h e  c o n t r o l  s e e d l i n g s  
whi le  t h e  shoot / roo t  r a t i o  was 17% lower 
(Table 2). The b e n e f i t  de r ived  by the  
inocula ted  seed l ings  from the  h igher  l e v e l  of 
i n f e c t i o n  by 5. geophilum was a l s o  r e f l e c t e d  by 
t h e  enhanced growth i n  he igh t  and roo t  c o l l a r  
diameter   a able 3) .  The inocula ted  s e e d l i n g s  
were 50% g r e a t e r  i n  he igh t  and 30% g r e a t e r  i n  
roo t  c o l l a r  diameter  than t h e  c o n t r o l  s e e d l i n g s  
a f t e r  t h r e e  months, and 27% and 19% g r e a t e r  i n  
he igh t  and roo t  c o l l a r  diameter ,  r e s p e c t i v e l y ,  
a f t e r  s i x  months. Subsequently, the  volume of 
these  s e e d l i n g s  was 120% g r e a t e r  than t h a t  of 
t h e  c o n t r o l  seed l ings  a f t e r  t h r e e  months and 
81% g r e a t e r  a f t e r  s i x  months. 

DISCUSSION 

It is  apparent  t h a t  the  i n o c u l a t i o n  of 
c o n t a i n e r i z e d  sweet b i r c h  seed l ings  wi th  a  
v e g e t a t i v e  myce l ia l  inoculum of P i s o l i t h u s  

t i n c t o r i u s  w i l l  promote s u f f i c i e n t  ectomycor- 
r h i z a l  development t o  provide t h e s e  s e e d l i n g s  a  
s i g n i f i c a n t  advantage over those  grown by 
conventional  methods. I n  t h i s  s t u d y ,  s e e d l i n g  
weight ,  h e i g h t ,  roo t  c o l l a r  d iameter ,  and 
volume were s i g n i f i c a n t l y  increased  and t h e  
shoot / roo t  r a t i o  improved by t h e  i n f e c t i o n  w i t h  
t h i s  fungal  symbiont i n  comparison wi th  seed- 
l i n g s  i n f e c t e d  by n a t u r a l l y  occur r ing  ectomycor- 
r h i z a l  spec ies .  The a d a p t a b i l i t y  of sweet b i r c h  
and PI t i n c t o r i u s  t o  poor s u b s t r a t e s ,  and t h e  
a b i l i t y  of P. t i n c t o r i u s  t o  form abundant 
ectomycorrhizae on t h i s  h o s t  which s u b s t a n t i a l l y  
increase  i t s  growth, suggest  t h a t  t h i s  combina- 
t i o n  of h o s t  and symbiont has  cons iderab le  
p o t e n t i a l  f o r  use i n  t h e  r e f o r e s t a t i o n  of poor 
s i t e s .  This  p o t e n t i a l  may be cons iderab ly  
enhanced by t h e  a d d i t i o n a l  advantages provided 
by c o n t a i n e r i z a t i o n .  It is  probable t h a t  t h e  
only s i g n i f i c a n t  modi f ica t ion  of s tandard  
nursery  p r a c t i c e s  requ i red  f o r  t h e  s u c c e s s f u l  
i n f e c t i o n  of sweet b i r c h  by P. t i n c t o r i u s  o t h e r  
than t h e  i n c o r p o r a t i o n  of t h e  inoculum i n t o  a  
s t e r i l e  medium i s  a reduc t ion  i n  t h e  
r a t e  of f e r t i l i z a t i o n ,  a s  high f e r t i l i t y  has  
been demonstrated t o  r e t a r d  t h e  development of 
P. t i n c t o r i u s  ectomycorrhizae (Marx e t  a l .  - 
1977b, Ruehle 1980, Walker e t  a l .  1982). It 
may be p o s s i b l e  t o  achieve a  h igher  l e v e l  of 
i n f e c t i o n  of sweet b i r c h  wi th  t h i s  symbiont by 



Table 2.--321e dry  weights  o f  c o n t a i n e r i z e d  sweet 
b i r c h  and European a l d e r  s e e d l i n g s  inocula ted  
wi th  P i s o l i t h u s  t i n c t o r i u s  and c o n t r o l  
s e e d l i n g s  a f t e r  s i x  months growth.&! 

f u r t h e r  reducing t h e  r a t e  of f e r t i l i z a t i o n  used 
i n  t h i s  s tudy.  Seedl ings produced i n  t h i s  
manner would no t  r e q u f r e  t h e  greenhouse growth 
per iod  of s i x  months used here t o  a t t a i n  a  s i z e  
s u i t a b l e  f o r  o u t p l a n t i n g ;  f o u r  t o  f i v e  months 
would a l low adequate growth t o  i n s u r e  a 
favorab le  performance i n  t h e  f i e l d .  

Shoot /Root It i s  probable t h a t  the  development of 
Tsea tment Shoot Root Tota l  Ra t io  

Inocula ted  2.5 1.9 4.5 1.4 
Control  2.1 1.1 3.2 2 - 0  

Level of 
s i g n i f  icanceL/ * ** * * ** 

Inocula ted  1.6 1.6 3.2 110  
Cont ro l  0.9 0.8 1.7 1 .2  

Level of 
s i g n i f  i c a n c d f  ** * * t * * 

Cenococcum ectomycorrhizae on t h e  
r o o t s  of t h e  inocula ted  and c o n t r o l  sweet b i r c h  
s e e d l i n g s  i n  t h i s  s tudy  r e s u l t e d  from t h e  
presence of s c l e r o t i a  i n  t h e  pea t  moss p o r t i o n  
of t h e  p o t t i n g  medium, a s  t h i s  funga l  symbiont 
o r d i n a r i l y  l a c k s  the  c a p a c i t y  t o  co lon ize  new 
s u b s t r a t e s  v i a  wind-borne propagules. The 
f a i l u r e  of t h e  steam s t e r i l i z a t i o n  t reatment  t o  
d e s t r o y  t h e  v i a b i l i t y  o f  t h e s e  s c l e r o t i a  can 
probably be a t t r i b u t e d  t o  a  f a i l u r e  t o  adequa te ly  
moisten t h e  p o t t i n g  medium p r i o r  t o  s t e r i l i z a -  
t i o n ,  a  f a c t o r  compounded by an  at tempt t o  
s t e r i l i z e  the  p o t t i n g  medium i n  bulk q u a n t i t i e s ,  
The presence of Thelephora t e r r e s t r i s  -ectomycor- 
r h i z a e  on t h e  r o o t s  of t h e s e  s e e d l i n g s  r e s u l t e d  
from t h e  d e p o s i t i o n  of wind-borne propagules i n  
t h e  p o t t i n g  medium which o r i g i n a t e d  i n  the  p ine  
s t a n d s  t h a t  surround t h e  greenhouse i n  which 
t h i s  s tudy  was conducted. Because P. t i n c t o r f u s  
introduced i n  an  inoculum has  a demonstrated 

I;! Each va lue  i s  t h e  mean of two s e e d l i n g s  
from each of s i x  r e p l i c a t i o n s  per  t rea tment .  

L/ The d i f f e r e n c e s  between t h e  treatznent 
means of each hos t  were eva lua ted  wi th  t h e  
t t e s t ;  * and ** denote t h a t  t h e  means d i f f e r  
a t  a  l e v e l  of s i g n i f i c a n c e  of 0.01 < P < 0.05 
and P < 0.01, r e s p e c t i v e l y .  

compet i t ive  advantage over T. t e r r e s t r i s  occur- 
r i n g  n a t u r a l l y  when s u b s t r a t e  n u t r i e n t  l e v e l s  
are s u f f i c i e n t l y  low (Walker e t  a l .  3.9821, t h e  
manipulat ion of t h i s  growth f a c t o r  renders  t h e  
p o s s i b i l i t y  of competi t ion r e s u l t i n g  i n  a  
s u b s t a n t i a l  reduc t ion  i n  t h e  development of 
P. t i n c t o r i u s  ectomycorrhizae remote, - 

Table 3.--The growth of c o n t a i n e r i z e d  sweet b i r c h  and European a l d e r  s e e d l i n g s  inocula ted  
wi th  P i a o l i t h u s  t i n c t o r i u s  and c o n t r o l  s e e d l i n g s  a £  t e r  t h r e e  and s i x  months .g 

Three Months S ix  Months 

Height Root C o l l a r  Volume Height Root Col la r  Volume 
Trea tmen t (em) Dia (mm) (em3> (em> Dia (mm) (cm3 > 

Inoculated 29.4 2.6 2.2 51.3 5.1 13.3 
Control  26.0 2.0 1.2 42.5 4.3 8.1 

Level of 
~ i g n i f  i c a n c e g  ** 

Inoculated 15.7 2 . 6  1.1 24.0 5.1 6.7 
Control 10.5 2.0 0.5 1 8 * 9  4.3 3 . 7  

Level of 
s i g n i f  i c a n c e a  ** ** * * 

-?./ Each va lue  i s  t h e  mean of s i x  r e p l i c a t i o n s  of 25 s e e d l i q s  each per  t reatment .  
%/ The d f f f e r e n c e s  between t h e  t rea tment  means of each hos t  were eva lua ted  wi th  

the  t t e s t ;  ** denotes  t h a t  t h e  means d i f f e r  a t  a l e v e l  of s i g n i f i c a n c e  of P < 0.01. 



p a r t i c u l a r l y  when t h e  p o t t i n g  medium i s  ade- 
q u a t e l y  s t e r i l i z e d  p r i o r  t o  t h e  incorpora t ion  
of t h e  P. t i n c t o r i u s  inoculum. 

The s u p e r i o r  performance of t h e  European 
a l d e r  s e e d l i n g s  inocula ted  wi th  _II. t i n e t o r i u s  
i n  comparison wi th  the  c o n t r o l  s e e d l i n g s  can 
n o t  be a t t r i b u t e d  t o  t h i s  funga l  symbiont, a s  
t h e  i s o l a t e  of P. t i n c t o r i u s  used i n  t h i s  s tudy  
d i d  n o t  form ectomycorrhizae on any of t h e  
European a l d e r  s e e d l i n g s  examined. It i s  
probable t h a t  P. t i n c t o r i u s  i s  p h y s i o l o g i c a l l y  
incompatible  wi th  European a l d e r ,  given p a s t  
f a i l u r e s  a t  inducing a  symbiot ic  a s s o c i a t i o n  
involv ing  t h i s  fungus and h o s t  (Molina 1981, 
Walker e t  a l .  1982),  and any a t tempt  t o  e f f e c t  
such a  r e l a t i o n s h i p  us ing  r o u t i n e  methods of 
i n o c u l a t i o n  w i l l  prove unsuccessful .  It can be 
concluded t h a t  the  h igher  l e v e l  of i n f e c t i o n  by 
C. geophilum i s  t h e  f a c t o r  accountable  f o r  t h e  - 
improved growth of t h e  inocula ted  seed l ings .  
C. geophilum i s  a known ectomycorrhizal  - 
symbiont of European a l d e r  (Trappe 1962) and 
o f f e r s  t h e  a d d i t i o n a l  advantage of being 
a d a p t a b l e  t o  a  broad range of adverse growing 
c o n d i t i o n s ,  inc lud ing  drought and high s u b s t r a t e  
temperatures  (Trappe 1977). As t h e  p o t e n t i a l  
of European a l d e r  a s  a  reclamation s p e c i e s  on 
adverse  s i t e s  i s  p a r t i a l l y  compromised by i t s  
i n t o l e r a n c e  of drought (Vogel 1981, Walker e t  
a l e  1982), the  i n o c u l a t i o n  of t h i s  hos t  wi th  
Ce geophilum p r i o r  t o  o u t p l a n t i n g  may prove t o  - 
be a  va luab le  technique t o  i n s u r e  a n  accep tab le  
s e e d l i n g  performance dur ing  extended dry  
p e r i o d s ,  given t h e  a b i l i t y  of a n  ectomycor- 
r h i z a l  a s s o c i a t i o n  t o  f a c i l i t a t e  t h e  absorp t ion  
of water  by t h e  h o s t  (Bowen 1973, Dixon e t  a l .  
1980, Duddridge e t  a l .  1980, Goss 1960, 
Theodorou and Bowen 1970, Walker e t  a l .  1982). 
The s i g n i f i c a n t l y  g r e a t e r  development of 
C. geophilum ectomycorrhizae on t h e  r o o t s  of - 
t h e  European a l d e r  s e e d l i n g s  inocula ted  w i t h  P. 
t i n c t o r i u s  i n  comparison wi th  t h e  c o n t r o l  seed- 
l i n g s  can probably be a t t r i b u t e d  t o  r e s i d u a l  
n u t r i e n t s  i n  the  P. t i n c t o r i u s  inoculum which 
s t imula ted  the  growth of C. geophilum i n  excess  
of t h a t  which occurred i n  t h e  absence of t h e s e  
n u t r i e n t s .  For both t h e  inocula ted  and t h e  
c o n t r o l  s e e d l i n g s ,  t h e  o r i g i n  of t h e  2. 
geophilum i n f e c t i o n  was t h e  s c l e r o t i a  p resen t  
i n  t h e  p e a t  moss p o r t i o n  of t h e  p o t t i n g  medium, 
a s  d i scussed  above. 

The f i n a l  and most important  c o n s i d e r a t i o n  
i n  eva lua t ing  the  p o t e n t i a l  b e n e f i t s  of a n  
induced mycorrhizal  a s s o c i a t i o n  is  t h e  per for -  
mance i n  t h e  f i e l d  of inocu la ted  s e e d l i n g s  i n  
comparison wi th  noninoculated c o n t r o l s .  As the  
b e n e f i t s  provided t h e  h o s t  by a n  ectomycor- 
r h i z a l  i n f e c t i o n  a r e  o f t e n  most pronounced 
under poor growing condi t ions ,  o u t p l a n t i n g s  on 
adverse  s i t e s  a r e  most p e r t i n e n t  f o r  making 
t h e s e  comparisons. The f e a s i b i l i t y  of imple- 
menting procedures t o  i n o c u l a t e  con ta iner ized  
sweet b i r c h  and European a l d e r  s e e d l i n g s  wi th  
a n  a p p r o p r i a t e  ectomycorrhizal  symbiont w i l l  be 
dependent upon the  conc lus ions  drawn from such 
s t u d i e s .  The r e s u l t s  of t h i s  s tudy  i n d i c a t e  

t h a t  t h e  i n o c u l a t i o n  of con ta iner ized  sweet 
b i r c h  w i t h  P. t i n c t o r i u s  o f f e r s  a  v i a b l e  method 
of producing s u p e r i o r  s e e d l i n g s  f o r  o u t p l a n t i n g  
on harsh  s u b s t r a t e s .  This p o t e n t i a l  i s  aug- 
mented by t h e  a v a i l a b i l i t y  of commercial _II_. 
t i n c t o r i u s  i n o c u l m s  (&rx and Kenney 1982, 
Marx e t  a l l  1982). There i s  a l s o  some i n d i c a -  
t i o n  t h a t  t h e  i n o c u l a t i o n  of con ta iner ized  
European a l d e r  wi th  2. geophilum may provide 
t h i s  s p e c i e s  wi th  s u b s t a n t i a l  advantages upon 
o u t p l a n t i n g ,  bu t  t h e  enthusiasm f o r  t h i s  
combination of hos t  and symbiont i s  tempered by 
the  l a c k  of a  r e a d i l y  a v a i l a b l e  source of  
inoculum, and 2. geophilum i s  known f o r  i t s  
slow growth i n  pure c u l t u r e  (Harx and Kenney 
1982). Also, a  recen t  a t tempt by Nolina (1981) 
t o  induce a n  ectomycorrhizal  a s s o c i a t i o n  
between 2. geophilum and European a l d e r  us ing  
pure c u l t u r e  techniques proved unsuccess fu l ,  
i n d i c a t i n g  a  need f o r  f u r t h e r  i n v e s t i g a t i o n  
i n t o  t h e  ectomycorrhizal  s p e c i f i c i t y  of t h i s  
hos t  before  l a r g e  s c a l e  i n o c u l a t i o n s  become 
f e a s i b l e .  Continuing e f f o r t s  t o  improve upon 
the  methods of producing these  seed l ings  and t o  
e v a l u a t e  t h e i r  performance on adverse s i t e s  a r e  
c u r r e n t l y  i n  progress .  
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EFFECT OF BIFENOX ikYD OmFLUORFEN OM EmRGENCE &YB k.iORa"ALZm 

OF LOBLOLW SEEOLINGS UNDER GROWTH CWER CONDITIONS~~ 

David B. South and John G .  ~exal" 

Abstract.--me relative phytotoxieity of three 
formlat ions of bifenox and oxyf luorfen on mergenee and 
subsequent m r  tal i ty of loblolly pine ( L. ) 
seedlings was investigated in grawth chamber studies. 
Bergence was not inhibited by either 120 %/kg of bifenox or 
20 %/kg of oxyfluorfen regardless of formlation tested. NO 
significant interaction with herbicide treatment was observed 
for 1 )  stratifieation; 2 )  seed size; 3 )  swing depth; or 4 )  
temgerature. All herbicide treamnts increased seedling 
mortality. brtality was greater with 20 %/kg of 
oxyfluorfen than with 120 mg/kg of bifenox. mrtality in 
controls was 32% while in herbicide trea-nts mortality 
ranged f r m  46 to 63%. The greatest mrtalily occurred with 
the oxyfluorfen mlsifiable concentrate hieh also produeed 
"*ite lesionsu on seedling hypocotyls. 

INTRODUCTION 

Bifenox and oxyfluorfen have been tested 
in southern pine nurseries for several years 
with promising results. Bifenox was first 
tested on loblolly pine in 1974 and has been 
effective in controlliw a number of broadleaf 
weeds, N[an&eeding times were s ignif ieantly 
reduced with no significant reduetion in the 
nurmber of plantable seedlings (South et 81. 
1978) .  Oxyfluorfen was first tested on 
loblolly in 1976, and was effective in 
controlling both grasses and broadleaf weeds 
(South and Cjerstad 1980) .  For that reason, 
weed control obtained with oxyfluorfen was 
often better than with bifenox at pine 
nurseries with high poputati~ns of grasses, 
Oxyfluorfen showed ns significant reduction in 
plantable seedlings Men c q a r e d  with hand- 
weeded controls. Using data supplied by the 
Auburn miversity %uthern Forest Nursery 
M n w ~ m e n t  Cooperative ( A I ' S F ~ G ) ,  the 

ntal Protect ion Agency registered 
bifenox in 1971 and oxyfluorfen in I918 

Paper presented at Southern Silvi- 
cultural mseareh Conference, Atlanta, Georgia, 
Novernir>er 4-5, 1982. 

2 /  Director, Auburn University Southern 
Forest Nursery bnagmnt Cooperative, &burn 
Lhiversity, AL 36849, and Research Station 
Wlanager, Weyerhaeuser a,, Dierks, AR 11833 

for use in southern pine nurseries, Sinee 1978, 
southern nursespn have used these herb icides 
extensively in pine seedbeds both as 
premergence and postmrgence treatmnts. 

Nurserymen reported no problgns with 
premrgence applications of these herbicides 
from 1977 to 1980, In 1981, however, nurserpn 
at five lwations reported "vilhite lesion" 
wcurrence on nmly-wrged loblolly seedlings 
and same seedling death, Several nurseries were 
visited to aseertain the cause sf the lesions. 
Possible causes considered ineluded herbicides, 
sun scald, wind burn, sand burn, and pathogens, 
but no consensus as to the cause w;as reached, 
Ctxyfluorfen had been used as a premergenee 
hesbieide at all the affected nurseries. 
Wwever, lesions were also observed on areas 
where bifenox had been used as wll as on plots 
*ere herbicides were not directly ~zpplied, 

mo growth e h d e r  studies were conduct& 
to determine the effeets of oxyfluorfen and 
bifenox on establishnt of lobfolly pine, m e  
objectives of the studies were t o  determine: I )  
the effeets of different formulations of 
oxyf luorfen and bifenox on gltnergence, mrtal i ty 
and lesion formtion of loblolly pine; 2 )  
whether rate of germination affected herbicide 
injury; and 3) *ether tqerture or depth of 
swing could affect herbieide injury. 



The stock solutions were: 
NATERIALS AND METHODS 

Experiment 1 

Loblolly seeds were obtained from the 
y seed orchard in Selma, 
re sized and two groups 

were selected for study. 
Half of the seeds from each size group were 
soaked in cold water for 24 h before sowing. 
Sixty milk cartons ( 7 by 7 by 10 cm) were each 
filled with 350 g of l o w  sand. Twenty-five 
seeds were sown in each container and covered 
with an additional 50 g of either 
herbicide-treated or nontreated soil. All 
treatments were replicated five times, Treated 
soil was prepared frcm stock solutions of 
herbicides. The stock solutions were: 

a. bifenox mlsifiable concentrate - 1 ml 
cmrcial grade (21% active ingredient) 
in 60 ml distilled water. 

b. oxyfluorfen mlsifiable concentrate - 
1 ml cmnercial grade (23.5% active 
ingredient) in 60 ml distilled water. 

A herbicide concentration of 20 @/kg was 
prepared by adding 6.0 rnl of herbicide solution 
to 1,2 kg of a lomy sand soil which had been 
screened and air dried. Qn August 18, 1981, 
the cartons were placed in a growth c h d e r  set 
for a 12 h day cycle with a 27 C day 
temperature and a 16 C night temperature. 
Relative humidity of the chamber was 
approximately 70%. A canbination of 
fluorescent and incandescent lights provided an 
intensity of 274 uE ~ec'h-~. Cartons were 
watered as needed with 50 ml of water. 
Seedling emergence was recorded on September 3 
and again on September 16. Hypocotyl height, 
seedling mortality, and the number of lesions 
were also recorded on September 16. Analysis 
of variance was conducted using a 3 by 2 by 2 
factorial design. Data for surviving 
seedlings, mortality, and lesions were 
expressed as a percentage of germinated 
seedlings, 

Experiment 2 

Loblolly seeds were obtained from the 
Weyerhaeuser any seed orchard near 
Magnolia, Arkansas. me-hundred sixty-eight 
plastic germination trays (10 by 10 by 4 cm) 
were each filled with 350 g of soil, Each 
container was s with 50 seed. Half of the 
containers were sown before the addition of 50 
g of treated (or nontreated) soil while the 
remaining half were surface sown after the 50 g 
of soil had been added. All treatments were 
replicated four times. Treated soil was 
prepared with stock solutions of herbicides. 

a. bifenox technical - 0.8246 g (91% active 
ingredient in 10 rnl of acetone added to 
190 ml of distilled water. 

b. bifenox emulsifiable concentrate - 2 rnl 
rcial grade (21% active ingredient) 
0 rnl of distilled water. 

c, bifenox wettable powder - 1 g c 
grade 80% active ingredient) in 200 m1 of 
distilled water. 

d. oxyfluorfen technical - 0,563 g (71% 
active ingredient in 10 ml of aeetone 
added to 90 ml of distilled water. 

e. oxyfluorfen mlsifiable concentrate - 
lml c m r c i a l  grade (23.5% active 
ingredient) in 60 ml of distilled water. 

f. oxyfluorfen wettable powder - 1.6 g 
commrcial grade (21% active ingredient) 
in 100 ml of distilled water. 

Concentrations of oxyf luorfen at 20 mglkg were 
prepared by adding 4.5 ml of the stock solutions 
to 900 g of a loamy sand soil which had been 
dried and screened. Bifenox concentrations of 
120 %/kg were prepared by adding 27 ml of the 
stock solutions to 900 g of soil. Water was 
added to bring the soil to field capacity. The 
containers were placed in three growth chaers 
on December 17, i981. The temperature settings 
of the charrtbers were (1) 24 h at 17 6 , ( 2 )  24 h 
at 21 C, (3) 12 h at 21 C and 12 h at 17 6. 
Fluorescent li ht provided an intensity of 8 to 

1 5  16 uE see' m' . E%nergence and mortality of 
seedlings were recorded at 2 to 3 day intervals 
from December 22 to January 25. Analysis was 
conducted using a 7 by 3 by 2 factorial design. 
Data for lesions and mortality were expressed as 
a percentage of emerged seedlings. Ikita for 
geminat ion and surviving seed1 ings were 
expressed as a percentage of seeds planted. 
Analysis of variance was performed using an 
arcsine transformation of the percentage data. 

RESULTS 

Experiment 1 

The pregemination cold-water treatment, 
seed size, and herbicide treatment significantly 
affected seedling emergence 16 days after swing 
(Table 1). The pregemination treatment had the 
greatest effect on the rate of emergence, Seds 
receiving the 24 h cold soak averaged 32% 
mrgence while nontreated seeds averaged only 
12% mrgence. Seed size was the next m s t  
influential factor. Ehergence of m l l  seed vvas 
greater than that for jumbo seed. Mever, an 
interaction occurred between seed size and 
preermination treatment. The cold soak had a 
greater effect on small seed than on j 
Herbicide treamnt accounted for only seven 
percent of the modeled variation. hrgence of 
seedlings in herbicide treated soil was greater 
than the control (Table 2). 



--------- --------------------------*---- ----- -- ----- ----------_----- - *---------------------_^- 

16th &y -----.-.--...-.. 29-v 

* 

d.f, sq, oDF sq. oDF sq, of>F sq. oDF sq. oDF 

Rpl imt ion 4 
ksbicide 2 
Seed size 1 
cold saak 1 
kkrbicick x seed size 2 
Wrbicide x cold scek 2 
Seed sizexoold scek 1 
Ik.st>ici& x seed size 

x cold xek 2 
&ror 44 
Olrrected ntal 59 

Table 2.--Effect of bifenox and oxyfluorfen on emerging loblolly pine seedlings in a growth chamber. 

----- ------- ---- --- ---- - - - - - - - - ----- ------ -- - - - - -  - - - - -  - - - - -  - - - - - - - -  ---- ---__----------- -Y------- 

Seed Cold 
t flate s w  soak Q a u m U o n  on St- MorWltv Les~ons J&&&L . . ----- --- 

(%/kg -----*------------------------------(%)------------------ -(an)- 

Control 0 Small Yes 36.8 72 .O 65.6 10.5 0 3.72 
Control 0 Large Yes 12.0 55.2 50.4 8.4 0 4.04 
Control 0 S m l l  No 11.2 57.6 52 .O 10.9 0 3 . 74 
Control 0 Large No 8.8 36.7 32.8 11.7 0 4.16 

Oxyfluorfen 20 Small Yes 40.0 56 .O 36.8 33.3 33.6 1.88 
Ckyflourfen 20 Large Yes 29.0 58.4 38.4 34.3 28.6 2.69 
Oxyf luor f en 20 Small No 19.2 53.6 26.4 50.4 18.6 1.96 
Oxyf luor f en 20 Large No 8.0 39.2 28.8 25.8 47.5 1.88 

Bifenox 2 0 Small Yes 48.0 72.8 68.0 6.3 1 .O 3 , 34 
Bi f enox 2 0 Large Yes 33.6 66,4 57,6 13.5 0 3.90 
Bi f enox 2 0 Small No 14.4 56.8 51.2 10.4 1.2 2.92 
Bi f enox 2 0 Large No 8.0 36.0 32.0 11.7 0 3.80 

Seed1 ing emergence was near carplet ion 29 
days after sawing (Table 2). The 
pregemination treatment and seed size effect 
were still significant. The greatest emergence 
was still observed for snall seed that received 
the pregerminat ion cold-water treatment while 
the non-treated jumbo seed were still the 
lawest in emergence. Herbicide treatments at 
this stage of developent were no longer 
significantly affecting seedling emergence. 

Herbicide treatment had a significant 
ef feet on seed1 ing m r  tal i ty. Seed1 ings in soi 1 
with 20 %/kg of oxyfluorfen had gnerged but 
weakened stems resulted in seedl ings fa1 1 ing 
over. hrtality of seedlings treated with 
oxyf luorfen was over three-t imes greater than 
that of the control or the bifenox treatments. 
There was no significant difference in mortality 
between the bifenox treatment and the control. 
Neither seed size nor the pregermination 
treatment affected seedling mortality. 



Experiment 2 

&ight of the hypocotyl was affected by 
herbicide treaant. The bifenox treatment did 
not signif icantly reduce height grorrvth but the 
oxyfluorfen reduced hypocotyl height by 45%. 
Seed size and the pregemination treatment also 
affmted hypocotyl height. On the average, 
hypocotyls of seedlings from jumbo seed were 
about 0.5 an taller than small seed but 
hypoeotyls frun seed treated with the cold soak 
were only slightly taller than those fran 
non-treated seed. A significant interaction 
was observed between herbicide treatment, seed 
size, and pregemination treatment. The 
pregemination treatment had no effect on 
hypocotyl height except for junbo seed in 
oxyfluorfen soil. Seedlings from this 
t reatrnent had hypocotyls that were 
approximately 1 an taller than those fran 
non-treated jumbo seed in oxyfluorfen soil. 

The oxyf luor f en t r ea trnent produced "whi te 
lesionsv at the base of the hypocotyl on 30% of 
the emerged seedlings. No lesions were 
observed on the controls and only two of 290 
seedlings in the bifenox treatment had lesions, 

Depth of swing was by far the factor most 
affecting anergence. Sowing depth was 
significant at the 0,0001 level for all dates 
(analyses for three dates are presented in 
Table 3). Covering the seed with soil reduced 
emergence by approximately 25% (Fig. 1). 

An interaction between tenperature and 
depth existed during the first 11 days after 
sowing. atring this early gemination phase, 
the 21 C tmperature increased anergenee of 
surface sown seed more so than covered seed. 
Rate of emergence was significantly different 
for the three temperature regimes over the 
first 16 days. EZnergence was faster with 
constant 21 C and slowest with constant 17 C. 

Fran 22 days after sowing until the end of 
the experiment, a depth by ttnperature 
interaction occurred. For the surface-sown 
treatments, emergence had neared cqletion. 
With covered seed, however, tar~erature still 
had an effect but now the higher temperature 
decreased emergence. Herbicide treatment did 
not significantly affect seedling mergence 
(Fig. 2). 

h o f  m. Sunof m. amof m. Sunof mulb. rnof Prob. Stmof m. 
fbm!e d.f. sq. of>F sq. oDF sq, oflF sq, of>F sq, oDF sq. of>F 



Bpth of plantine; not only influenced 
emergence but also mortality (Fig. 3). 
Qvering seed with soil reduced mrtality by 
approximately 16%. Atl interact ion between 
twerature and depth oecurred between the 16th 
and 27th day after sowing. The 21 C 
tqerature increased seedling mrtality of 
surface s m  seed more so than covered seed, 

After the first 3 weeks, both bifenox and 
oxyfluorfen increased seedling mortality (Fig. 
4). &nking of herbicide trea-nts varied 
from day to day but after the 29th day, the 
emulsifiable concentrate and technical grade of 
oxyfluorfen caused the greatest mortality. 
atring the 20th to 25th day, mortality vvas less 
with wettable powder formulations than with 
technical fomlations. 

The percentage of seed1 ings that remained 
standing was a function of percent emergence 
and seedling mortality. Since there was little 
mortality over the first 13 days, the analyses 
for percent mergence and percent standing 
seedlings were very similar. Ihring the first 
22 days, depth of sowing was the most 
influential factor affecting standing seedlings 
(Fig. 5). Mowever, with time, depth of 
planting became less inportant. At the end of 
the experiment (from the 34th to 39th day) 
sowing depth was the least important factor, 
Temperature had become more influential. Over 
the first 18 days of the experiment, the warmer 
tqeratures had more standing trees but after 
the 29th day, more seedlings were standing in 
the cooler tgnperatures. 

Both herbicides reduced the number of 
standing seedlings during the latter stages of 
the experiment (Fig. 6). From the 22nd to the 
25th day, the percentage of standing seedlings 
was lowest for the gnulsifiable concentrate and 
technical grades of bifenox, On the 34th day, 
all but the wet table powder formlat ions were 
significantly different from the control. By 
the final day, the emulsifiable concentrate and 
technical grades of oxyfluorfen were the only 
treabnts significantly lower than the 
controls, 

Herbicide treatment was the only factor to 
affect the fomtion of lesions, The 
alsifiable concentrate of oxyfluorfen was the 
only treatment that was significantly different 
(pr>F = 0.02) fram the controls, At the end of 
the study, this treatment produced lesions on 
5.6% of the emerged seedlings, 

DISCUSSION 

The rates of bifenox used in the two 
studies differed. The first study indicated 
that at equal concentrations (20 mgfkg) 
oxyfluorfen was more injurious than bifenox to 
loblolly pine. In the nursery, however, the 
preanergence rate of bifenox is nomlly 

six times that of oxyfluorfen, Therefore, the 
rate of bifenox was increased to 120 m f k g  in 
the second study for a more realistic 
cmarison of the two herbicides. A 
concentration of 20 mp;/kg in the top 0.6 cm of 
soil is equivalent to 1.56 kg/ha (asswing a 
soil bulk density of 1.3 i/cc). This would be 
approximately equal to a 3X rate of 
oxyfluorfen, Likewise, 120 %/kg would be 
approximtely equal to a 3X rate of bifenox. A 
soi 1 depth of 0.6 cxn was used because bifenox 
and oxyfluorfen r m i n  near the soil surface 
and are not readily leached (Fadaymi and 
Warren 1976, Wed Science Society of America 
1979). Results f r m  the second study indicated 
that oxyfluorfen at 20 %/kg resulted in more 
seedling mortality than bifenox at I20 %/kg. 

While these herbicides caused mortality in 
these tests, they did not impact seedling 
emergence. Other factors such as depth of 
sowing, temperature, seed size, and 
pregermination treatment did drmtically 
affect anergence, There was no consistent 
interaction between herbicide treatmRnt and 
other factors which affected rate of emergence, 

In the spring of 1981, gemination of 
loblolly seed was delayed at several nurseries 
due to cool, wet, and cloudy conditions. It is 
possible that slow emergence in the presence ~f 
these herbicides resulted in the injury 
observed in 1981. Injury had not previously 
been observed (1978 to 1980) men weather 
conditions were more favorable for gemination. 
If germination was slowed, the period of time 
in which the emerging seedling would be in 
contact with the herbicide-treated soil would 
be extended and this could result in m r e  
injury. Although results from these grmth 
chamber studies should not be considered 
conclusive, they did indicate that herbicidal 
injury fran oxyfluorfen or bifenox was not 
grea&er as a result of slow gemination, 

Herbicide treatment had a negligible 
effect on seedling performance during the first 
3 week period. Mrbicide effects became more 
apparent during the fourth and fifth weeks* 
This stage of seedling developnt has been 
referred to by Baker (1950) as the nsucculent 
stagen. Our observations indicate that bifenox 
and oxyfluorfen cause d ge to seedlings 
during this succulent stage, 

At the end of the period of succulence, 
the cortex collapses and a hard "PbarktVis 
formed. This collapse oceures 3 to 4 weeks 
after the seedling appears aboveground and 
about the time the first true leaf reaches 
one-half the length of the cotyledons (Baker 
1950), Injury from preemergence applications 
of oxyfluorfen or bifenox apparently does not 
occur after the cortex collapses. 
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Figure 1,--Effect of sowing depth and temperature 
on emergence of loblolly pine seedlings. 

8 0  

7 0  

6 0  

IC)r 

5 0  
0 
C 

g 4 0  
0 

E 
2 3 0  

0 Surfoce 21'C 

2 0  
v Surface 17'-21% 
A Surface 17.C 

Covered ZI'C 
r Covered 17'-2I0C 

10 A Covered 17.C 

5 7 9 1 1  1314 16 18 2 0  22 25 27 29 32 34 36 39 

Doys ofter sowing 

Figure 3.--Effect of sawing depth and tenperature 
on mortality of loblolly pine seedlings. 
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Figure 5.--Effect of s m i q  depth and temperature 
on survival of loblolly pine seed1 ings. 
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Figure 2. Effect of formulation on emergence 
of loblolly pine seedlings. 
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Figure 4.--Effect of fomlation on mortality 
on loblolly pine seedlings. 
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Figure 6.--Effect of fomlation on survival 
of loblolly pine seedlings. 



N u ~ s e r ~ e n  have described injury smtoms 
as being very similar to "heat lesions." 
Wakeley (1954) described fresh heat lesions as 
wcharacteristically pale and sharply defined, 
and are at or just above the soi 1 surface and 
do not extend below it." Hartley (1918) 
described in detail the formation and 
occurrence of "white spotrf lesions on ponderosa 
( ipnad~xasa w s  ) seed 1 i ngs . He 
concluded that fornmtion of lesions vvas a 
result of excessive heat. 

&cent results f r m  grmth chder studies 
indicate that bifenox can also produce lesions 
on loblol ly pine seed1 ings3/. Lesions caused 
by bifenox or oxyfluorfen can occur on any side 
and at any point on the hypocotyl but do not 
extend to the eotyledons. Mast lesions occur 
on one side of the hypocotyl and are often near 
the soil line. In sane cases, the lesions 
encircle the hypocotyl. Lesions disappear when 
the "barkH is formed 3 to 4 weeks after 
mrgence, Seedlings with lesions often 
survive and g r w  normally. Seedlings that die 
are usually those that have fallen over (due to 
constrict ion of the hypocotyl ) or are those 
that are weakened and lack the strength to lift 
the testa m d  cotyledons out of the soil. 

The original praise that herbicidal 
injury was exacerbated by factors which delayed 
mrgence could not be dmnstrated in these 
tests. Wever, it is possible that 
sensitivity to these herbicides is a function 
of light intensity rather than cool 
tqeratures. Low light intensities reduce the 
production of epicuticular wax (Martin and 
Juniper 1970), and wax thickness is negatively 
correlated with oxyfluorfen damage in sweetgum 
(South 1982). It is possible that cloudy 
weather during the seedling emergence phase 
could result in thin epicuticular wax layers 
vvhich eould result in increased sensitivity to 
certain diphenylether herbicides. 

Evidence from field crops indicate that a 
herbicide similar to oxyfluorfen can cause 
injury when these conditions occur (Gates 1972, 
Pollak and Crabtree 1 976). Light intensity 
during Ennergence apparently plays a significant 
role in the action of fluorodifen 
(g-ni tropbenyl &,&,a-tr if luoro-2-ni tro-p-tolyl 
ether) whieh causes lesions to form on 
hypcotyls af soybeans [ 
var. "BraggR) and gr 

s L. 'Tendereropt ), Results f r m  these 
s tud ie s  indicated that law light intensities 
after a pre rgence appl icat ion of 
fluoradifen, follmd by higher light 
intensities at the time of crop emergence, or 
shortly thereafter, increased the probability 
of crop injury. Similar studies should be 
conducted wi th loblol ly to deternine whether 
light intensity during emergence can affect the 

on, Bill Carlson, 
Weyerhaeuser Cb., Hot Springs, 19R 71901. 

formation of lesions caused by diphenylether 
herbicides, 

Experiment I dencanstrated that 3X rates of 
oxyfluorfen can decrease hypocotyl height of 
loblolly. Field results have indicated that 
both oxyfluorfen and bifenox can reduce early 
height grwth. Significant reductions in 
hypocotyl height occurred with iX rates of 
bifenox and 2X rates of oxyfluorfen (Table 4). 

Experiment 2 dmmns tr&ted that 3X rates of 
bifenox and oxyfluorfen can increase mortality 
of loblolly during the succulent stage. 
Observations at several nurseries and field 
tests indicated that UI rates of these 
herbicides can increase mortality 5 to 10% 
during this stage of developnt. This seems 
at first to conflict with earlier field data 
that reported no significant reduction in 
plantable seedlings (South et al. 1978, South 
and Cjerstad 1980). In addition to differences 
in en~iro~ental eondi t ions, several factors 
can explain why injury was not detected 
earlier. 

Weed control tests were often established 
in areas with high weed populations. 

etition and handweeding injury would often 
cause hand-weeded control plots to produce 
fewer seedlings than herbicide treated plots. 
Seedling reductions during the succulent stage 
of five to eight percent eould have occurred in 
the herbicide plots but would not be noticed if 
10 to 2596 reductions occurred in the control 
plots. For this reason, increases in plantable 
seedlings on plots treated with bifenox or 
oxyfluorfen were always observed at nurseries 
where total weeding times for controls exceeded 
4 min/nj! (Table 5). 

Variation within seedbeds at most 
nurseries is too great to detect differences in 
density of 10% or less with 4 replications of 
200 to 300 seedlings. The percent reduction 
needed to be significant (using L.S.D. at the 
five percent level) ranged frun 13 to 63% (at 
nurseries where controls required less than 4 
min/d of hand-weed ing ) (Table 5 ) . Reducing the 
significance level to the 10% level would be of 
little benifit since detectable differences 
wuld still be greater than a 10% reduction. 
An increase in s q l e  size or an increase in 
replications would be needed in order to guard 
against accepting the null hypothesis when in 
fact the alternative hypothesis is true (-kine; 
a Type I1 error) (Steel and Torrie 1960). At 
sane nurseries hmver, 200 or more sanrples are 
needed in order to deternine the seedling 
production for stme seed lots within an 
accuracy of plus or minus five percent. For 
this reason, herbicide tests should be 
installed at nurseries where variation in 
seedling density is kept to a mini 
Nurseries having both precision sowing m d  low 
weed populations would be the most likely 
candidates, 



Herbicide-induced injury of the mgnitude 
reported by nurseries is an excellent e x m ~ l e  
of a factor that nay not be statistically 
significant but m y  %el l  be econmieally 
significant. For a nursery producing 50 
mill ion seedl ings, a five percent reduction in 
plantable seedlings can mean a loss of $50,000. 
Therefore, the decision to use a herbicide 
which is potentially injurious has to be 
carefully considered. The decision should be 
based on the risks versus the benefits. At 

nurseries with high weed populations, use of 
bifenox or oxyfluorfen will offer m r e  benefits 
which w i l l  r e  than offset the risks. 
Wever, at nurseries with low w e d  
populations, use of these herbicides could 
result in aare injury than would other 
alternatives. Herbicide regimes that cmibine 
safer but perhraps less effective preergenee 
herbicides with effective postmergence 
herbicides need to be tested. 

Table 4.--Effect of premzergence appliccttions of bifenox and oxyflu~rfen on mergirrg loblolly pine 
seedlings at the Ft, Towson lkrsery in 1981. 

--------------- 2 ------------ -------... 
Appl icat ion - -  _ - - . _ - &@1,_.2 ,---- - .. _ - _ .. .. - - - - - - - -  - - -  - - - - -  --- - -  - - - 

Tr ea trnen t rate Seedling density Seedling height Seedling density Seedling height 

Control 0 412 a 4.9 a 382 a 5 , l  a 

Oxyf lucrfen 0.56 390 a 4 . 8  a 390 a 4.8 ab 

Oxyf luorfen 1 .12  379 a 4 . 2  b 374 a 4.2 c 
' - - '  ' ' * '  ' - - ' - ' - --- ' - -------------------  rn - - - - - - - - - - _ . - -  - - - - - - - - - - - -  - - - - - -  

Means within each colmn followed by the same letter are not significantly different at the 5% 
level as judged by r)uncanTs mltiple Range test. 

Table 5.--Effect of field applications of bifenox and oxyfluorfen on seedling production of loblolly 
pinel/. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " - - - - - -  
-------------a*-------------. --------------------------------------------------------------- 

Hanc?weeding Plantable Ghange 
Nursery State year time for seedlings bifenox oxyfluorfen bquired for L,S,D, at 

controls in controls 3.4 kg/ha 0.6 kg/ha 5% level 1096 level 

Weyer haeuser AR 78 
Weyerhaeuser NC 78 
Baucum AR 74 
Columbia LtI 75 
Baucurn AR 77 
Baucum m 75 
Mi ller BL 76 
Clar i dge T\X= 74 
Colmia LA. 74 
Ti lghrnan r9C 74 
Eaucttrn AR 713 
Waynesboro IbS 74 
Kentucky Ekm KU 16 
Coas tal Sf2 75 
Cl ar i dge HC 75 
Kentucky Dam Ky 71  
hueurn AR 78 
Great Southern C;C1 77 
Cbas t a1 $32 76 
Wes tvaco SS 77 

-- 
(mi n/TF--- 

0 . 2  
0.5 
0.6 
0.6 
1.1 
1.7 
3 .2  
3 . 3  
3 .4  
3 *4 
3 .6  
8,s 
10.2 
11.4 
11.5 
12 .9  
14.7 
22.0 
21.9 
38.1  

--------------------- ------------------------- ------------ --- ----- ---- 
m six Auburn Lkiversity Southern Forest Nursery Yenagant (=ooperr*tive h n u t l i  Rapor-ls. 
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FIELD RESISTANCE OF SLASH PINE FAMILIES AFFECTED BY INTERACTIONS 

WITH LOCAL REST POPUTIONS 

2 / Harry R. Powers, ~ r . ~ '  and Marvin Z o e r b  

Abstract.--Progeny of a  r u s t - r e s i s t a n t  s l a s h  p i n e  
s e l e c t i o n  maintained t h e i r  r e s i s t a n c e  when p lan ted  a t  s e v e r a l  
l o c a t i o n s  i n  Georgia, inc lud ing  t h e  h igh  r u s t  hazard a r e a  of 
Houston County. However, one p l a n t i n g  i n  Baldwin County suf-  
f e r e d  heavy l o s s e s  from r u s t .  A r t i f i c i a l  i n o c u l a t i o n  t e s t s  
confirmed t h a t  t h e  g e n e r a l  r u s t  popula t ion  i n  t h a t  county was 
h igh ly  v i r u l e n t  on t h i s  one family. Addi t iona l  i n o c u l a t i o n s ,  
us ing  r u s t  c o l l e c t i o n s  from t h e  progeny of ano ther  r e s i s t a n t  
s e l e c t i o n ,  demonstrated s h a r p l y  increased  v i r u l e n c e  when re- 
inocu la ted  on s e e d l i n g s  of t h e  same family. This  increased  
v i r u l e n c e  was a l s o  e v i d e n t  on s e e d l i n g s  of t h e  p a r e n t  from 
which t h i s  s e l e c t i o n  der ived  i t s  r e s i s t a n c e .  This  information 
i n d i c a t e s  t h a t  c o n s i d e r a t i o n  must be given t o  sources  of r e s i s t -  
ance and t h e  p o s s i b i l i t y  of geographic v a r i a t i o n  i n  r u s t  patho- 
g e n i c i t y  when deploying r u s t  r e s i s t a n t  p ines .  

INTRODUCTION 

Fusiform r u s t ,  caused by Cronartium quercuum 
(Berk.) Miyabe e x  S h i r a i  f .  sp ,  fusiforme,  i s  by 
f a r  t h e  most s e r i o u s  d i s e a s e  of l o b l o l l y  (Pinus 
taeda  L.) and s l a s h  (Pinus e l l i o t t i i  Englem. var .  
e l l i o t t i i )  p ines ,  wi th  l o s s e s  due t o  product  de- 
grade a lone  es t imated  a t  $75 m i l l i o n  annual ly 
(Powers e t  a l .  1981). Southern f o r e s t e r s  g e n e r a l l y  
agree  t h a t  d i s e a s e  r e s i s t a n t  p i n e s  o f f e r  t h e  b e s t  
hope f o r  reducing t h e  tremendous l o s s e s  i n f l i c t e d  
by fus i form r u s t  (Schmidt e t  al ,  1981). With 
o t h e r  r u s t  d i s e a s e s  on agronomic crops,  r e s i s t a n c e  
i n  h o s t  p l a n t s  is n o t  s t a t i c ,  bu t  must be con- 
t i n u a l l y  ad jus ted  i n  r e l a t i o n  t o  c o n s t a n t l y  s h i f t -  
i n g  popula t ions  of t h e  pathogen. S t u d i e s  d e a l i n g  
w i t h  pathogenic v a r i a b i l i t y  of t h e  fus i form r u s t  
pathogen on both s l a s h  and l o b l o l l y  p i n e s  have 
demonstrated e x t e n s i v e  v a r i a t i o n  (Snow e t  a l .  
1975, Powers e t  a l .  1977). Also, r u s t  spores  

&/project  Leader, Diseases of Southern P ine  
P l a n t a t i o n s  and Seed Orchards, Southeastern Fores t  
Experiment S t a t i o n ,  Car l ton  S t r e e t ,  Athens, Ga., 
30602 
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c o l l e c t e d  from i n f e c t e d  members of r e s i s t a n t  
f a m i l i e s  ( fami ly-spec i f ic  i s o l a t e s )  a r e  more 
v i r u l e n t  than  t h e  g e n e r a l  r u s t  popula t ion  when 
used t o  r e i n o c u l a t e  s e e d l i n g s  of t h e  same family. 
While such i s o l a t e s  have shown h i g h e r  l e v e l s  of 
v i r u l e n c e  on c e r t a i n  f a m i l i e s  of both s l a s h  
(Snow e t  a l .  1976) and l o b l o l l y  p i n e  (Powers e t  
a l .  1978), i n c r e a s e s  i n  v i r u l e n c e  on s p e c i f i c  
s l a s h  p i n e  f a m i l i e s  have been more dramatic. 
Most s t u d i e s  on v a r i a t i o n  w i t h i n  t h e  o v e r a l l  
popula t ion  of t h i s  organism have been done by 
c o l l e c t i n g  samples of aec iospores  from i n d i v i d u a l  
r u s t  g a l l s ,  and then i n o c u l a t i n g  s e e d l i n g s  of 
open-pol l inated f a m i l i e s  of p i n e s  wi th  t h e s e  
i s o l a t e s .  Thus, evidence of v a r i a b i l i t y  i n  
pa thogenic i ty  has  been based p r i m a r i l y  on a r t i -  
f i c i a l  i n o c u l a t i o n s  r a t h e r  than on r e s u l t s  from 
f i e l d  t e s t s .  

The s tudy  descr ibed  h e r e  was s t a r t e d  when a  
r e s i s t a n t  family of s l a s h  p ine  (10-226) became 
heav i ly  i n f e c t e d  i n  Baldwin County, Georgia. I n  
10 o t h e r  f i e l d  p l a n t i n g s  a t  l o c a t i o n s  i n - e a s t e r n  
Georgia, t h i s  family averaged l e s s  than h a l f  t h e  
i n f e c t i o n  of t h e  t e s t  means. The primary 
o b j e c t i v e  of t h e  s tudy  was t o  determine i f  t h e  
r u s t  popula t ion  i n  t h e  Baldwin County a r e a  was 

L / - P r o j e c t  Leader, Tree Improvement, Union more v i r u l e n t  on family 10-226 than r u s t  co l lec -  
Camp Corporat ion,  Rincon, Ga., 31326 t i o n s  from another  a r e a  where t h i s  family had 

maintained i t s  r e s i s t a n c e .  Secondary o b j e c t i v e s  
were (1) t o  determine i f  fami ly-spec i f ic  i s o l a t e s  
from f a m i l i e s  10-226 and 2903-1 would prove t o  be 
more v i r u l e n t  on those  f a m i l i e s  than t h e  g e n e r a l  
r u s t  populat ion,  and (2) t o  compare t h e  response 



of family 2903-1 wi th  t h a t  of t h e  p a r e n t a l  
s e l e c t i o n  (Jones 14) from which i t  der ived  its 
r e s i s t a n c e  when inocula ted  wi th  a fami ly-spec i f ic  
i s o l a t e  from 2903-1. 

MATERIALS AND METHODS 

Seeds of 12 open-pol l inated s l a s h  p i n e  
f a m i l i e s  were used i n  t h i s  s tudy,  Seeds of family 
10-226 were c o l l e c t e d  i n  t h e  seed orchard of t h e  
Union Camp Corporat ion,  Rincon, Georgia. Those 
f o r  a l l  o t h e r  numbered f a m i l i e s  were c o l l e c t e d  
from t h e  U. S. F o r e s t  Serv ice  r u s t - r e s i s  t a n t  c lone  
bank i n  Houston County, Georgia. The s l a s h  p i n e  
check seeds  were from a bulk l o t  c o l l e c t e d  from 
s e v e r a l  r u s t - i n f e c t e d  s l a s h  p i n e  t r e e s  i n  t h e  
same county, Two r u s t  c o l l e c t i o n s  r e p r e s e n t i n g  
t h e  g e n e r a l  popula t ions  of t h e  pathogen i n  
Houston and Baldwin Counties were made by sam- 
p l i n g  8 i n d i v i d u a l  g a l l s  a t  random from each 
l o c a t i o n  i n  p l a n t i n g s  of nursery-run s l a s h  p i n e  
s e e d l i n g s .  Two fami ly-spec i f ic  c o l l e c t i o n s  were 
made, each comprised of aec iospores  c o l l e c t e d  
from 8 r u s t  g a l l s  on t r e e s  of t h a t  s p e c i f i c  
family.  Spores froo? t r e e s  of 2903-1 were 
c o l l e c t e d  i n  Houston County, and those  from 10-226 
i n  Baldwin County. Aeciospores from t h e  8 g a l l s  
of each source  were mixed on an equa l  volume 
b a s i s  t o  provide t h e  f o u r  composite i s o l a t e s .  

Seed l ings  of n o r t h e r n  r e d  oak (Quercus ruba 
L.) were inocula ted  w i t h  aec iospores  from each 
c o l l e c t i o n .  Basidiospores  were harves ted  a f t e r  
3 weeks and used f o r  p i n e  i n o c u l a t i o n s  (Matthews 
and Rowan 1972). Seeds from each of t h e  12 
f a m i l i e s  were germinated and s e e d l i n g s  t rans -  
p lan ted  i n t o  e i g h t  f l a t s  con ta in ing  20 s e e d l i n g s  
each. A f t e r  6 weeks t h e  s e e d l i n g s  were i n o c u l a t  d 
by spray ing  w i t h  a suspension conta in ing  50 x 10 f3 
spores  p e r  m i l l i l i t e r ,  I n  v i t r o  bas id iospore  
germinat ion was a t  l e a s t  88 percent .  

The experimental  des ign  was a 12 x 4 x 2 x 4 
f a c t o r i a l .  Four f l a t s  of each family were 
inocula ted  on each of two consecu t ive  days wi th  
each of t h e  f o u r  spore  sources.  I n  f o u r  f a m i l i e s  
where seed g e m i n a t i o n  was low, only t h r e e  f l a t s  
were inocula ted  with each of t h e  f o u r  spore  
sources  on two consecut ive days, A balanced 
des ign  f o r  a n a l y s i s  of var iance  was ob ta ined  by 
e s t i m a t i n g  t h e  missing observa t ions  w i t h  a 
covariance ana lys i s .  I n  a l l ,  7040 s e e d l i n g s  were 
inocula ted  i n  t h e  s tudy ,  wi th  each f l a t  c o n s t i t u t -  
i n g  an q e r i m e n t a l  u n i t .  A f t e r  i n o c u l a t i o n  t h e  
s e e d l i n g s  were grown i n  a greenhouse f o r  9 months 
before  t h e  percentage of s e e d l i n g s  wi th  a c t i v e l y  
growing g a l l s  was recorded. Means were separa ted  
according t o  Duncan's m u l t i p l e  range t e s t  (Hick 
1964). 

Seedl ings of fami ly  10-226 had s i g n i f i c a n t l y  
h igher  percentages of i n f e c t i o n  from Baldwin 
County than from Houston County r u s t  i s o l a t e s  
( f i g ,  l ) ,  which v e r i f i e d  t h e  f i e l d  observa t ions ,  
Family-specif ic  i s o l a t e s  from f a m i l i e s  10-226 and 
2903-1 were s i g n i f i c a n t l y  more v i r u l e n t  when re- 
inocu la ted  on to  s e e d l i n g s  of t h e i r  r e s p e c t i v e  
f a m i l i e s  than were t h e  g e n e r a l  r u s t  popula t ions  
from t h e  a r e a s  where each c o l l e c t i o n  o r i g i n a t e d .  
Seed l ings  from Jones 14 were a l s o  h igh ly  sus- 
c e p t i b l e  t o  t h e  fami ly-spec i f ic  i s o l a t e  from 
2903-1, bu t  r e l a t i v e l y  r e s i s t a n t  t o  t h e  o t h e r  
t h r e e  r u s t  sources ,  Fami l ies  2790-9, 3365-8, 
3302-21 and 2790-0 a l l  shared t h i s  p a t t e r n  of 
i n f e c t i o n  ( f i g ,  1 ) .  Family 2936-5 was moderately 
r e s i s t a n t  t o  t h e  Houston County and 2903-1 
i s o l a t e s ,  bu t  moderately s u s c e p t i b l e  t o  t h e  Baldwin 
County and 10-226 i s o l a t e s .  Family 3750-7 was t h e  
only family showing r e s i s t a n c e  t o  a l l  f o u r  sources  
of t h e  r u s t .  The s l a s h  p i n e  check and f a m i l i e s  
2907-4 and 4410-5 were h igh ly  s u s c e p t i b l e  t o  a l l  
r u s t  sources.  

RUST SOURCES 
f,.......l Hous'f'oN Go, 2903- 1 

BALDWIN CO. 10-226 

l0Or 

2790-10 2936-5 CHECK 4410-5 2907-4 3750-7 

Figure 1.--Average percentages of i n f e c t i o n  pro- 
duced by 4 r u s t  sources  on 12 s l a s h  p i n e  f a m i l i e s .  
Within f a m i l i e s ,  means wi th  t h e  same letter do 
n o 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 l e v e l .  



There were a l s o  h i g h l y  s i g n i f i c a n t  d i f f e r -  
ences between average percen tages  of i n f e c t i o n  
produced by t h e  f o u r  d i f f e r e n t  sources  of t h e  
r u s t ,  The f m i l y - s p e c i f i c  c o l l e c t i o n  from 2903-1 
caused an average of 72% i n f e c t i o n ,  s i g n i f i c a n t l y  
more than  any o t h e r  i s o l a t e .  The fami ly-spec i f ic  
c o l l e c t i o n  from family 10-226 produced 60% in- 
f e c t i o n ,  whi le  i s o l a t e s  from Baldwin and Houston 
count ies  caused 57% and 54%, r e s p e c t i v e l y .  

I n t e r a c t i o n s  among h o s t  f a m i l i e s  and r u s t  
c o l l e c t i o n s  were h i g h l y  s i g n i f i c a n t .  I n f e c t i o n  
ranged from 36% on family 2790-9 inocula ted  w i t h  
t h e  Houston County i s o l a t e  t o  91% on family 4410-5 
inocula ted  w i t h  t h e  fami ly-spec i f ic  i s o l a t e  from 
10-226. Some s t r i k i n g  i n t e r a c t i o n s  were pro- 
duced when t h e  fami ly-spec i f ic  i s o l a t e s  were 
u t i l i z e d  t o  i n o c u l a t e  t h e  s e e d l i n g s  of t h e  f a m i l i e s  
from which t h e  spores  were o r i g i n a l l y  c o l l e c t e d .  
For  example, fami ly-spec i f ic  i s o l a t e  2903-1 pro- 
duced 80% i n f e c t i o n  when used t o  i n o c u l a t e  seed- 
l i n g s  of t h a t  family,  b u t  i t  i n f e c t e d  only 48% of 
t h e  s e e d l i n g s  of fami ly  10-226, Conversely, 
fami ly-spec i f ic  i s o l a t e  10-226 i n f e c t e d  86% of 
t h a t  family,  while  only i n f e c t i n g  49% of t h e  
s e e d l i n g s  from family 2903-1. 

DISCUSSION 

Family 10-226 has  been one of t h e  most r u s t -  
r e s i s t a n t  s l a s h  p ine  s e l e c t i o n s  i n  sou thern  t r e e  
improvement work. Its r e s i s t a n c e  has  h e l d  up i n  
many f i e l d  t e s t  p l a n t i n g s  i n  e a s t e r n  Georgia, bu t  
a t  one l o c a t i o n  i n  c e n t r a l  Georgia (Baldwin 
County) i t  appeared t o  be s u s c e p t i b l e .  The r e s u l t s  
from t h e  a r t i f i c i a l  i n o c u l a t i o n s  i n  our  s tudy  
confirm t h e  f i e l d  observa t ions .  The r u s t  c o l l e c t e d  
from Baldwin County was s i g n i f i c a n t l y  more v i r u l e n t  
on family 10-226 than  t h a t  from Houston County, 
one of t h e  h i g h e s t  d i s e a s e  hazard a r e a s  i n  
Georgia according t o  t h e  F u s i f o m  Rust Incidence 
Survey (Phelps 1973). These r e s u l t s  i n d i c a t e  t h e  
need f o r  e x t r e n e  c a u t i o n  i n  t h e  s e l e c t i o n  and 
d e p l o y m n t  of sources  of r e s i s t a n c e  i n  l a r g e  
s c a l e  p l a n t i n g s ,  and p a r t i c u l a r l y  emphasizes t h e  
p o t e n t i a l  danger of s ingle-family p l a n t i n g s  and 
t h e  need f o r  information on t h e  r e l a t i v e  v i r u l e n c e  
of t h e  pathogen i n  a  s p e c i f i c  a r e a ,  

Family-specif ic  c o l l e c t i o n s  from f a m i l i e s  
2903-1 and 10-226 a g a i n  confirm t h a t  aec iospores  
c o l l e c t e d  from s u s c e p t i b l e  members of a  
g e n e r a l l y  r e s i s t a n t  progeny show an i n c r e a s e  i n  
v i r u l e n c e  when they a r e  used t o  r e i n o c u l a t e  
s e e d l i n g s  of t h e  family from which they a r e  
c o l l e c t e d ,  The percentage i n c r e a s e  i n  i n f e c t i o n  
was q u i t e  s i z e a b l e  i n  bo th  cases  (48%). However, 
t h e s e  r e s u l t s  were from a r t i f i c i a l  i n o c u l a t i o n s  
which a r e  probably more severe  than n a t u r a l  in-  

f e c t i o n  i n  t h e  f i e l d ,  and do n o t  i n d i c a t e  t h a t  
i n c r e a s e s  of t h i s  magnitude would occur i n  n a t u r e ,  
They do i n d i c a t e ,  a s  have o t h e r  s t u d i e s ,  t h a t  in-  
creased v i r u l e n c e  of t h e  r u s t  populat ion i n  a given 
a r e a  could be expected i f  s p e c i f i c  sources  of 
r e s i s t a n c e  were u t i l i z e d  f o r  more than one 
g e n e r a t i o n  (Powers e t  a l .  1978, Snow e t  aL 1976). 
Therefore,  i n  t h e  deployment of r e s i s t a n t  seed- 
l i n g s ,  i t  is very  important  t o  know t h e  source  
of t h e  r e s i s t a n c e ,  For example, s l a s h  p i n e  
s e l e c t i o n  2903-1 was a  s e e d l i n g  from t h e  c r o s s  
Jones 1 4  x Jones 11, w i t h  Jones 14 providing 
t h e  r e s i s t a n c e .  Our i n o c u l a t i o n  r e s u l t s  show 
t h a t  t h e  fami ly-spec i f ic  r u s t  i s o l a t e  from 2903-1 
is  h igh ly  v i r u l e n t  on bo th  t h e  s e l e c t i o n  from 
which i t  was der ived ,  and its p a r e n t a l  source  of 
r e s i s t a n c e ,  These r e s u l t s  a l s o  demonstrate t h a t  
fami ly-spec i f ic  r u s t  c o l l e c t i o n s  can be u s e f u l  
i n  t r a c i n g  sources  of r e s i s t a n c e  back t o  p a r e n t a l  
m a t e r i a l ,  and i n  d e t e c t i n g  s i m i l a r i t i e s  i n  
sources  of r e s i s t a n c e ,  They a l s o  i n d i c a t e  t h a t  
fami ly-spec i f ic  r u s t  c o l l e c t i o n s  do n o t  n e c e s s a r i l y  
i n c r e a s e  i n  v i r u l e n c e  on only one s p e c i f i c  family,  
b u t  may be more v i r u l e n t  on a l l  f a m i l i e s  s h a r i n g  
a  common type of r e s i s t a n c e ,  

The p o s s i b i l i t y  of us ing  i n o c u l a t i o n  t e s t s  
t o  i d e n t i f y  d i f f e r e n t  types of g e n e t i c  r e s i s t a n c e  
was suggested by Dinus e t  a l . (1975).  This  type  
of approach was r e c e n t l y  used by Griggs and 
Walkinshaw (1982) t o  demonstrate a t  l e a s t  two 
types of r e s i s t a n c e .  At l e a s t  f o u r  o t h e r  
f a m i l i e s  included i n  t h i s  s tudy  (2790-9, 2797-10, 
3302-21 and 3365-8) seem t o  have t h e  same type  
of r e s i s t a n c e  a s  2903-1 and Jones-14, s i n c e  t h e  
i n f e c t i o n  p a t t e r n s  a r e  almost i d e n t i c a l  ( f i g ,  1 ) .  
None of t h e s e  f a m i l i e s ,  however, were der ived  

. from Jones 14. 

It  is  v e r y  important  t o  cons ider  i n t e r a c t i o n s  
between family and r u s t  sources  when e v a l u a t i n g  
t h e  i n o c u l a t i o n  r e s u l t s  from t h i s  s tudy ,  s i n c e  
most f a m i l i e s  were e i t h e r  r e s i s t a n t  o r  i n t e r -  
mediate  i n  r e s i s t a n c e  t o  most i s o l a t e s  w h i l e  
s u s c e p t i b l e  t o  a t  l e a s t  one i s o l a t e .  Only one 
of t h e  f a m i l i e s  was r e s i s t a n t  t o  a l l  i s o l a t e s  
(3750-7), and only one was s u s c e p t i b l e  t o  a l l  
i s o l a t e s  (4410-5). These r e s u l t s  i n d i c a t e  a t  
l e a s t  t h r e e ,  and poss ib ly  four ,  types of r e s i s t -  
ance among these  f a m i l i e s :  1 )  Jones-14, 2) 
10-226, 3) 3750-7, and 4) p o s s i b l y  2936-5. The 
3750-7 s e l e c t i o n  may conta in  a  c m b i n a t i o n  of 
t h e  Jones 14 and t h e  10-226 type r e s i s t a n c e  
r a t h e r  than a d i f f e r e n t  type, 

Our r e s u l t s  i n d i c a t e  t h a t  we need t o  know 
much more about t h e  sources  of r e s i s t a n c e  of 
v a r i o u s  s e l e c t i o n s  of s l a s h  p ine  a v a i l a b l e  f o r  
t r e e  improvement work i n  t h e  Southeast ,  While 
many i n d i v i d u a l  s e l e c t i o n s  i n  orchards a c r o s s  t h e  
South provide r e s i s t a n c e ,  s e v e r a l  of these  may 



derive their resistance from a comon base. Those 
with comon resistance should not be used in 
successive generations of reforestation in the 
same area because of the probability of an in- 
crease in virulence in the rust population of 
that area, Information on sources of resistance 
is therefore essential in making decisions re- 
garding deployment of resistant pines. 
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PERFOMMCE AND C-E INTERACTIONS OF 

1 I SYCAMORE ESTABLISHED FRCM CUTTINGS AND SEEDLINGS- 

2 / Samuel B. Land, Jr .- 

Abstract  ,--Both unrooted c u t t i n g s  and bare-root 1-0 
s e e d l i n g s  from e i g h t  open-pollinated sycamore f a m i l i e s  were 
planted toge ther  a t  one s i t e  i n  W s s i s s i p p i ,  k f t e r  seven 
years  s e e d l i n g s  provided 16% b e t t e r  s u r v i v a l ,  59% g r e a t e r  
stem volume per  a c r e ,  and 5% fewer multiple-stem t r e e s  than 
c u t t i n g s .  Performance of both s e e d l i n g s  and c u t t i n g s  
increased a s  diameter  of t h e  propagule increased ,  i n d i c a t i n g  
t h a t  only s e e d l i n g s  g r e a t e r  than 5116-inch roo t  c o l l a r  
diameter  o r  c u t t i n g s  g r e a t e r  than $-inch b a s a l  diameter  
should be used i n  f i e l d  p lan t ings .  Family d i f f e r e n c e s  a t  age 
seven f o r  t h e  combined performance of s e e d l i n g s  and c u t t i n g s  
were s i g n i f i c a n t  f o r  s u r v i v a l ,  percent  multiple-stem t r e e s ,  
h e i g h t ,  and stem volume per  a c r e .  However, family ranks 
d i f f e r e d  g r e a t l y  between types of p lan t ing  s t o c k  and r e s u l t e d  
i n  s i g n i f i c a n t  G-E i n t e r a c t i o n s .  These i n t e r a c t i o n s  should 
be considered i n  sycamore t r e e  improvement programs. 

INTRODUCTION 

A r t i f i c i a l  regenera t ion  with v e g e t a t i v e  
propagules  of g e n e t i c a l l y  s u p e r i o r  c lones  can 
r e s u l t  i n  g r e a t e r  g e n e t i c  ga ins  than 
regenera t ion  wi th  open-pollinated s e e d l i n g s  from 
t h e  same clones.  However, poor s u r v i v a l  and 
growth of unrooted c u t t i n g s  and t h e  high c o s t  
per propagule f o r  rooted c u t t i n g s  have o f f s e t  
t h i s  genet ic-gain advantage f o r  most f o r e s t  t r e e  
spec ies .  In t h e  sou theas te rn  United S t a t e s  on ly  
e a s t e r n  c o t  tonwood (Populus d e l t o i d e s  B a r t r  .) is 
being s u c c e s s f u l l y  e s t a b l i s h e d  i n  commercial 
p l a n t a t i o n s  wi th  unrooted c u t t i n g s .  

American sycamore (Platanus o c c i d e n t a l i s  
L.) can be e s t a b l i s h e d  with unrooted c u t t i n g s  
(Farmer 1974, McAlpine e t  a l .  1972, Steinbeck 
and McAlpine 1973), but  c o n f l i c t i n g  r e p o r t s  have 
a r i s e n  concerning t h e  f i e l d  performance of 
c u t t i n g s  a s  compared wi th  seed l ings .  G a r r e t t  

L/Paper presented a t  Second Biennia l  Southern 
S i l v i c u l t u r a l  Research Conference, At lan ta ,  
Georgia, November 4-5, 1982. 

A l ~ s s o c i a t e  Professor ,  Department of Fores t ry ,  
M i s s i s s i p p i  S t a t e  Univers i ty ,  P. 0. Drawer FR, 
M i s s i s s i p p i  S t a t e ,  MS 39762. Cont r ibu t ion  No. 
5315 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 
Fores t ry  Experiment S t a t i o n .  

(1975) repor ted  no d i f f e r e n c e  in growth between 
seed l ings  and c u t t i n g s ,  while  o t h e r s  (Briscoe 
1973, McAlpine 1965, Sauc ie r  1977) have observed 
poorer s u r v i v a l  and slower growth of c u t t i n g s  
than seed l ings .  : of these  s t u d i e s  used 
c u t t i n g s  from a c u t t i n g  product ion nursery,  a s  
is done f o r  cottonwood, but  r a t h e r  u t i l i z e d  
c u t t i n g s  taken d i r e c t l y  from seed l ings .  The 
purposes of t h e  p resen t  s tudy  a r e  ( i )  t o  
q u a n t i f y  t h e  long-term e f f e c t s  on f i e l d  
performance of using s e e d l i n g s  versus  unrooted 
c u t t i n g s  from a c u t t i n g  product ion nursery f o r  
p l a n t a t i o n  es tab l i shment ,  ( i i )  t o  determine t h e  
e f f e c t  of seed l ing  o r  c u t t i n g  diameter on t h a t  
performance, ( i i i )  t o  l e a r n  i f  t h e  s i z e  and p a r t  
of the  o r i g i n a l  seed l ing  o r t e t  used f o r  c u t t i n g s  
t o  p l a n t  t h e  c u t t i n g  product ion nursery w i l l  
have any e f f e c t  on f i e l d  performance of c u t t i n g s  
harvested from t h e  nursery ,  and ( i v )  t o  
determine i f  genotype-by-enviromental ( G E )  
i n t e r a c t i o n s  e x i s t  with type of p lan t ing  s tock .  
The presence of such i n t e r a c t i o n s  would be an 
important  cons idera t ion  in  any sycamore g e n e t i c  
improvement program where a r t i f i c i a l  regener- 
a t i o n  with unrooted c u t t i n g s  might be used. 



MATERIALS AND METHODS 

Open-pollinated seed from e i g h t  t r e e s  
s c a t t e r e d  throughout t h e  Gulf South were used 
(Table 1 ) .  Cut t ings  f o r  establ ishment  of a 

Table I.--Mother-tree l o c a t i o n s  of e i g h t  open- 
p o l l i n a t e d  f a m i l i e s  used i n  the  s tudy.  

- - 

Family S t a t e  County La t i tude  Long. 
I . D .  o r  P a r i s h  

A-1-2 Alabama Marengo 32O16'N 87°55'W 

B-2-1 Louisiana Washington 30°45'N 89°50'f? 

G-2-7 M i s s i s s i p p i  Bolivar  33'34'N 91°09'65 

H-1-1 Arkansas P h i l l i p s  34O36'N 90°36'W 

N-2-1 M i s s i s s i p p i  J e f f e r s o n  3 1 ' 4 7 ' ~  91°15'W 

0-2-2 Louisiana Catahoula 31°49'N 91°52'W 

S-2-4 Arkansas Grant 34'14'N 92'33'W 

T-1-4 M i s s i s s i p p i  Marshal l  34'35'N 8g028'W 

c u t t i n g  product ion nursery  were obtained a s  
fol lows.  F i r s t ,  s e e d l i n g s  were grown f o r  one 
year  i n  a nurse ry  i n  1973, l i f t e d  i n  t h e  win te r  
of 1973-74, and graded i n t o  t h r e e  s i z e  c l a s s e s :  
( i )  "small" was l e s s  than  5/16-inch r o o t  c o l l a r  
diameter ,  ( i i )  "medium" was 5/16 t o  $-inch 
d iameter ,  and ( i i i )  " large" was g r e a t e r  than 
%-inch diameter. Each s e e d l i n g  was then c u t  o f f  
a t  t h e  r o o t  c o l l a r ,  and t h e  above-ground p o r t i o n  
was divided i n t o  ha lves  t o  g ive  a b a s a l  c u t t i n g  
and a top c u t t i n g .  These c u t t i n g s  were planted 
a s  s i x  t reatments  per fami ly  ( t h r e e  s e e d l i n g  
s i z e s  times two p a r t s  per seed l ing)  i n  t h e  
c u t t i n g  production nursery  during March, 1974. 
Actual c u t t i n g s  f o r  t h e  f i e l d  s tudy  were taken 
one year  l a t e r  from t h e  above-stump por t ions ,  o r  
"wands", of t h e  r e s u l t i n g  roo ts tock  p l a n t s  i n  
t h a t  nursery.  The wands were c u t  i n  February, 
1975, and the  b a s a l  and terminal  12 i n c h e s  on 
each wand were used. During 1974 a new crop of 
1-0 s e e d l i n g s  was r a i s e d  i n  t h e  nursery,  l i f t e d ,  
and graded i n t o  t h e  t h r e e  s i z e  c l a s s e s  a l r e a d y  
descr ibed .  These s e e d l i n g s  were used f o r  t h e  
same f i e l d  p lan t ing  a s  t h e  c u t t i n g s .  

The f i e l d  s tudy  was planted i n  a s p l i t - p l o t  
design with the  whole u n i t s  ( fami l ies )  arranged 
i n  randomized complete blocks.  There were f o u r  
blocks,  o r  r e p l i c a t i o n s .  Subunits  cons i s ted  of 
15 t y p e s  of p lan t ing  s tock ,  with each type 
represen ted  by a s i n g l e - t r e e  p l o t  wi th in  t h e  
family whole-unit p l o t  . The 15 p l a n t  ing-stock 
types included t h r e e  s e e d l i n g s  (small ,  medium, 
and l a r g e )  and 12 unrooted c u t t i n g s  ( s i x  
t rea tments  from t h e  c u t t i n g  production nursery  

t i m e s  two p a r t s  of the  wand). A l l  propagules 
were planted a t  a ten-foot by ten-foot spacing 
i n  A p r i l ,  1975, on an o ld- f ie ld  s i t e  having a 
Stough f i n e  sandy loam i n  Oktibbeha County, 
M i s s i s s i p p i  (33O18' North l a t i t u d e ,  88'45' West 
longi tude) .  

The diameter  a t  the l a r g e  end of each 
c u t t i n g  and the  roo t  c o l l a r  diameter of each 
s e e d l i n g  were measured before  p l a n t i n g .  
Surv iva l ,  number of stems per t r e e ,  and heig'nt 
were measured one, t h r e e ,  f i v e ,  and seven years  
a f t e r  p lan t ing .  Diameter a t  b r e a s t  he igh t  (DBH) 
was taken a t  years  t h r e e ,  f i v e ,  and seven. The 
stem volume per  e was c a l c u l a t e d  from t h e  
fol lowing equa t i o ~  . 

2 
Stem volume = -5.0525 + 0.86139 x ln(DBH x Ht,) 

where: stem volume is i n  cubic f e e t  , 
DBH is  i n  inches ,  and 
Ht . is i n  f e e t .  

Stem volume y i e l d  per a c r e  was then determined 
from the  volume per t r e e ,  number of t r e e s  per  
a c r e  a t  ten-foot by ten-foot spacing,  and 
percent  s u r v i v a l .  

E f f e c t s  of the  15 types  of p lan t ing  s t o c k  
on seventh-year s u r v i v a l ,  percent  m u l t i p l e  
stems, DBH, h e i g h t ,  and stem volumes were t e s t e d  
by orthogonal  comparisons i n  an a n a l y s i s  of 
v a r i a n c e  on p l o t  means, where p l o t s  represen ted  
e i g h t  t r e e s  (one from each family) .  Percent  
s u r v i v a l  and percent  multiple-stem l i v i n g  t r e e s  
were transformed by the  arcsin-square-root  
t rans format ion  before  a n a l y s i s .  Family and G-E 
i n t e r a c t i o n  e f f e c t s  were t e s t e d  on p l o t  means 
f o r  f i v e  plant ing-stock types:  (2) s e e d l i n g s  
and ( i i - v )  four  types of c u t t i n g s  (two p o s i t i o n s  
on t h e  wand times two p o s i t i o n s  on the  o r i g i n a l  
s e e d l i n g  used f o r  t h e  nursery roo ts tock) .  

RESULTS AND DISCUSSION 

E f f e c t s  of Type and S ize  of P lan t ing  Stock 

Unrooted Cut t ings  

Cut t ings  taken from the  b a s a l  12 i n c h e s  of 
the  wand produced seven-year-old t r e e s  having 
s i g n i f i c a n t l y  g r e a t e r  s u r v i v a l ,  DBH, h e i g h t ,  
stem volume per t r e e ,  and stem volume per a c r e  
than c u t t i n g s  obtained from the  top 12 i n c h e s  of 
the  wand (Table 2). Only the  percentage of 
l i v i n g  t r e e s  having m u l t i p l e  stems was 
unaf fec ted  by c u t t i n g  p o s i t i o n  wi th in  t h e  wand. 
Basal wand c u t t i n g s  produced 83 percen t  mare 
y i e l d  i n  stem volume per a c r e  a t  age seven than  
d i d  top c u t t i n g s .  

' ~ ~ u a t i o n  developed by t h e  au thor  from 
d e s t r u c t i v e  sampling a t  the  p lan t ing  s i t e  f o r  
a Department of Energy subcontract  wi th  Oak 
Ridge National  Laboratory. 



Seventh-year s u r v i v a l ,  growth, and y i e l d  
from a l l  types of c u t t i n g s  were d i r e c t l y  r e l a t e d  
t o  the  diameter  of t h e  c u t t i n g  a t  the  t i m e  of 
p l a n t i n g ,  with l a r g e r  diameters  g iv ing  h igher  
performance (Figure 1 ) .  Cut t ings  from t h e  base 
of the  wand were s i g n i f i c a n t l y  l a r g e r  i n  
diameter  than those from t h e  top,  and when 
ad jus ted  f o r  d i f f e r e n c e s  i n  s i z e  (Table 2) t h e  
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  many of t h e  
seven-year t r a i t s  were removed. I f  unrooted 
c u t t i n g s  a r e  t o  be used f o r  establ ishment  of 
sycamore p l a n t a t i o n s ,  basa l  diameters  of t h e  
c u t t i n g s  should be one-half t o  th ree-quar te r s  
inch i n  s i z e .  

The n a t u r e  of t h e  o r i g i n a l  c u t t i n g s  used t o  
e s t a b l i s h  t h e  roo ts tock  i n  the  cu t t ing-  
product ion nursery had l i t t l e  e f f e c t  on 
the  f i e l d  performance of wand c u t t i n g s  (Tables 3  
and 4 ) .  However, t h e r e  was some evidence t h a t  
the  average diameter of t h e  wand c u t t i n g s  would 
be l e s s  f o r  roo ts tocks  derived from the  tops  of 
seed l ings  and from small  seed l ings  than f o r  
r o o t s t o c k s  coming from the  base of t h e  
s e e d l i n g ' s  stem o r  from l a r g e  seed l ings .  
Therefore,  b a s a l  c u t t i n g s  from s e e d l i n g s  with 
g r e a t e r  than 5/16-inch r o o t  c o l l a r  diameter  
should be used t o  e s t a b l i s h  nursery  r o o t s t o c k s ,  
i n  o rder  t h a t  subsequent c u t t i n g  product ion can 
be maximized. 

Seed l ings  

Di f fe rences  between small  seed l ings  ( l e s s  
than 5116-inch roo t -co l la r  d iameter ) ,  medium 
s e e d l i n g s  (5/16 t o  % inch) ,  and l a r g e  s e e d l i n g s  
( g r e a t e r  than $-inch diameter)  were n o t  
s i g n i f i c a n t  a t  the  0.05 s i g n i f i c a n c e  l e v e l  f o r  
seventh-year t r a i t s  (Table 5 ) .  However, t h e  
d i f f e r e n c e  between small seed l ings  and the two 
l a r g e  s i z e s  f e l l  c l o s e  t o  s i g n i f i c a n c e  f o r  DBH, 
stem volume per  t r e e ,  and stem volume y i e l d  per  
ac re .  Large seed l ings  produced 30-percent more 
stem volume per  a c r e  than t h e  small  seed l ings .  

S i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p s  were 
obtained when seventh-year DBH and stem volume 
per a c r e  were regressed on seed l ing  roo t -co l la r  
diameter  (Figure 1 ) .  S imi la r  regress ions  f o r  
stem volume per t r e e  and f o r  s u r v i v a l  were c l o s e  
t o  being s i g n i f i c a n t  ( p r o b a b i l i t y  l e v e l  between 
0.05 and 0.08). Therefore,  only seed l ings  with 
r o o t  c o l l a r  diameters  g r e a t e r  than 5/16 inch  
should be used f o r  seed l ing  p lan t ing  programs. 
This  conclusion agrees  with e a r l i e r  recommenda- 
t i o n s  of Nugent (1971). 
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Figure I.--Linear regress ion  r e l a t i o n s h i p s  
between t h e  diameter  of the  seed l ing  or 
unrooted c u t t i n g  and seventh-year s u r v i v a l ,  
DBH, and stem volume per a c r e .  



Table 2.--Means and s i gn i f i c ance  of d i f f e r ences  f o r  perEormance of c u t t i n g s  from the  base and top of a  
wand. 

Type of A t  P lan t ing  Time 7 Years After  P lan t ing  
Propagule Diameter Surv iva l  Mu1t.-Stem DBH Height Stem Vol. (cu . f t . )  

Planted ( inches)  (XI Trees (X) ( inches)  ( f e e t )  Per Tree Per Acre 

Cutt ings from : 

Base of Wand 0.58 94 

TopofWand 0.24 7 1 

F-test s i gn i f i c ance  level&' f o r  wand basa l  cu t t i ngs  vs.  wand top c u t t i n g s  : 

(1) Unadjusted (. 000)** (.014)* (. 102) (.015)* (.033)* (.016)* (.012)* 

(2) ~ d ~ u s t e g '  -- ( .433) (.507) (.033)* (-095) (.012)* (.142) 

Table 3.--Means and s i gn i f i c ance  of d i f f e r ences  fo r  performance of c u t t i n g s  from roots tocks  o r i g i n a l l y  
derived from t h r e e  s i z e  c l a s s e s  of seed l ings .  

Type of A t  Plant ing Time 7 Years After  P lan t ing  
Propagule D i  ame t e r  Survival  Mult .-Stem DBH Height Stem Vol. (cu . f t . )  

Planted ( inches)  (%I Trees (X) ( inches)  ( f e e t )  Per Tree Per Acre 

Or ig ina l  c u t t i n g s  f o r  nursery roo ts tock  from: 

Small 
Seedlings 0.38 84 

Medium 
Seedlings 0.40 8 2 

Large 
Seedlings 0.44 8 1 

F-test s i gn i f i c ance  level&' f o r  c u t t i n g s  from small seed l ings  vs .  c u t t i n g s  from (medium+large) s eed l i ngs :  

(1) Unadjusted (. 105) ( .496) ( .309) ( .364) ( .834) ( .693) ( .843) 

2' -- (2) Adjusted- (. 839) (. 334) (. 996) (. 825) (. 770) (. 840) 

F-test s i gn i f i c ance  l e v e l s  f o r  c u t t i n g s  from medium seedl ings  vs.  c u t t i n g s  from l a rge  seedlings:  

(1) Unadjusted (.081) (. 339) ( ,066) (. 566) (. 360) ( .458) (.613) 

(2)  ~ - j u s t e & '  -- (-559) ( .200) (-861) ( ,586) ( .839) ( .883) 

L ' ~ c t u a 1  p robab i l i t y  l e v e l  f o r  F-test is shown i n  parentheses. S ign i f icance  a t  t he  0.05 p robab i l i t y  
l e v e l  is designated by '*I, and s i gn i f i c ance  a t  t he  0.01 l e v e l  is ind ica ted  by '**'. 

Z1Adjusted by covariance ana ly s i s  f o r  the  diameter a t  time of p lan t ing .  



Table 4.--Means and s i gn i f i c ance  of d i f f e r ences  i n  performance of c u t t i n g s  from roots tocks  o r i g i n a l l y  
derived from the  base of seed l ings  versus  those from the top of seed l ings .  

Type of A t  P lan t ing  Time 7 Years After  P lan t ing  
Propagule Diameter Surv iva l  Mu1t.-Stem DBH Height Stem Vol. (cu.f t . )  

Planted ( inches)  (X I  Trees (%) ( inches)  ( f e e t )  Per Tree Per Acre 

Or ig ina l  cu t t i ngs  f o r  nursery roo ts tock  from: 

Base of 
seed 1 ing 0.43 8 2 

Top of 
seed l ing  0.39 8 2 

F-test  s i gn i f i c ance  level&/ f o r  seed l ing  basa l  cu t t i ngs  vs.  seed l ing  top cu t t i ngs :  

(1) Unadjusted (. 028)* ( .959) ( -754) ( .434) ( .920) ( .484) ( .888) 

Table 5.--Means and s i gn i f i c ance  of d i f f e r ences  f o r  performance of seed l ings  from three  s i z e  c l a s s e s .  

Type of A t  Plant ing Time 7 Years After  P lan t ing  
Propaaule Diameter Survival  Mu1t.-Stem DBH Height Stem Vol. (cu . f t . )  

( inches)  Trees (%) (inches) ( f e e t )  Per Tree Per Acre 

Small 
Seedlings 0.22 9 4 

Medium 
Seedlings 0.42 100 

Large 
Seedlings 0.64 100 

F-test  s i gn i f i c ance  level&/ f o r  small seed l ings  vs.  (medium + l a r g e  seed l ings)  : 

(1) Unadjusted (.000)** (. 182) (. 718) ( ,064) ( ,090) ( .075) (.069) 

F-test s i gn i f i c ance  l e v e l s  f o r  medium seedl ings  v s ,  l a rge  seed l ings :  

(1) Unadjusted (. 000)** (1.000) (. 391) (. 103) (. 298) (. 291) (,291) 

LiActual p robab i l i t y  l e v e l  fo r  F-test is shown i n  parentheses.  S ign i f icance  a t  t h e  0.05 p robab i l i t y  
l e v e l  is designated by '*', and s ignf icance  a t  the  0.01 l e v e l  is ind ica ted  by '**'. 

L'Adjusted by covariance ana ly s i s  f a r  t he  diameter a t  time of p lan t ing .  



Seedl ings  v e r s u s  Untooted C u t t i n g s  

Seven-year-old t r e e s  e s t a b l i s h e d  from 
s e e d l i n g s  ( t h r e e  s i z e s  combined) had a 
s i g n i f i c a n t l y  lower percentage of m u l t i p l e  stems 
and g r e a t e r  s u r v i v a l ,  I B H ,  h e i g h t ,  stem volume 
per t r e e ,  and stem volume per  acre than t r e e s  
planted as unrooeed c u t t i n g s  112 c u t t i n g  t r e a t -  
ments combined) (Table 6 ) .  These d i f f e r e n c e s  
can be a t t r i b u t e d ,  i n  p a r t ,  t o  t h e  poor 
per fomance  of the top c u t t i n g s  (F igures  2 and 
3) .  Some s f  t h e  s u p e r i o r i t y  of s e e d l i n g s  over  
unrooted c u t t i n g s  can be removed by us ing  on ly  
l a r g e  diameter  c u r t  l n g s ,  but  f o r  equ iva len t  
r o o t - c o l l a r  diameters  t h e  s e e d l i n g s  are always 
b e t t e r  than t h e  c u t t i n g s  (F igure  1 ) .  

Mmost a l l  of t h e  m o r t a l i t y  occurred i n  t h e  
f i r s t  year  (F igure  2 ) .  Weed competi t ion 
probably con t r ibu ted  t o  t h e  lower s u r v i v a l  of 
c u t t i n g s  than  of s e e d l i n g s ,  The i n i t i a l  h e i g h t  
advantage of the  s e e d l i n g s  over the  c u t t i n g s  
helped t o  keep l e a v e s  above t h e  weeds during 
i n t e r v a l s  between c u l t i v a t i o n s .  This h e i g h t  
advantage a l s o  allowed t h e  s e e d l i n g s  t o  be more 
e a s i l y  seen by t r a c t o r  o p e r a t o r s ,  thereby 
reducing t h e  r i s k  of mechanical damage during 
c u l t i v a t i o n .  

Mu1 t iple-stem t r e e s  u s u a l l y  contained two 
stems, The percen t  multiple-stem t r e e s  
decreased wLth age f o r  both s e e d l i n g s  and 
c u t t i n g s ,  as one stem gained dominance. 
However, t r e e s  s t i l l  having m u l t i p l e  stems by 
age seven w i l l  probably remain t h a t  way 
throughout longer  r o t a t l a n s .  The g r e a t e r  
percentage of mult iple-s tem t r e e s  from c u t t i n g s  
than  from s e e d l i n g s  m y  r e s u l t  i n  poorer stem 
q u a l i t y  and g r e a t e r  h a r v e s t i n g  problems a t  t h e  
end of t h e  r o t a t i o n .  

Stem volume y i e l d s  per a c r e  a t  age seven 
were 59 percent  g r e a t e r  (679 v e r s u s  428 cu. f t .  
p e r  a c r e )  f o r  a p l a n t a t i o n  e s t a b l i s h e d  wi th  
s e e d l i n g s  ( t h r e e  s i z e s  combined) a t  a 10-foot by 
10-foot spacing than f o r  a  s i m i l a r  p l a n t a t i o n  
e s t a b l i s h e d  with unrooted c u t t i n g s  (12 types  
combined). TAen only b a s a l  c u t t i n g s  from t h e  
wands were used i n  the comparison, the  y i e l d  
d i f f e r e n t i a l  between s e e d l i n g  and c u t t i n g  
propagat ion methods was 23 percen t  (679 v e r s u s  
553 c u ,  f t .  per  a c r e ) .  Such d i f f e r e n c e s  i n  
y i e l d  i n d i c a t e  t h a t  use of unrooted c u t t i n g s  i n  
sycamore p l a n t i n g  programs w i l l  on ly  be 
j u s t i f i e d  f o r  g e n e t i c a l l y  improved s tock ,  where 
t h e  g e n e t i c  ga in  would be a t  l e a s t  23 p e r c e n t  
b e t t e r  than what would he obtained with improved 
s e e d l i n g s .  These a d d i t i o n a l  g a i n s  would have t o  
come from use of ( i )  non-additive g e n e t i c  
v a r i a t i o n ,  f o r  which we p r e s e n t l y  have no 
information,  and/or  ( i i )  G E  i n t e r a c t i o n s  w i t h  
type of p l a n t i n g  s tock .  

Family E f f e c t s  and G E  I n t e r a c t i o n s  

The mother-tree f a m i l i e s  d i f f e r e d  s i g n i f  i- 
c a n t l y  f o r  seventh-year s u r v i v a l ,  pe rcen t  
multiple-stem t r e e s ,  h e i g h t ,  and s t e m  volume 
y i e l d  per  a c r e ,  but  no t  f o r  DBH o r  stem volume 
per t r e e  (Table  7) .  However, the  s i g n i f i c a n t  
y i e l d  d i f f e r e n c e s  among f a m i l i e s  cannot  be 
a t t r i b u t e d  wholly t o  s u r v i v a l  d i f f e r e n c e s .  
Family means i n  Table 7  i n d i c a t e  t h a t  DBH and 
stem volume per  t r e e ,  even 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  among f a m i l i e s ,  
con t r ibu ted  t o  t h e  family d i f f e r e n c e s  i n  y i e l d .  
S i g n i f i c a n c e  of these  y i e l d  d i f  f e renees  was 
p r i m a r i l y  due t o  f a m i l i e s  S-2-4 and 0-2-2, which 
had both poorer  than average s u r v i v a l  and low 
stem volume per  t r e e .  The b e s t  family f o r  y i e l d  
per  a c r e ,  H-1-1, produced 12 percen t  more volume 
than t h e  average f o r  a l l  e i g h t  f a m i l i e s .  

Table 6. --Means and 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  performance f o r  s e e d l i n g s  versus  unrooted c u t t i n g s .  

TYPE of 7 Years Af te r  P l a n t i n g  
Propagule Diameter Surv iva l  Elult .-Stem DBH Height Stem Vol. ( c u . f t . )  

Planted ( inches )  (X ) Trees (%) ( inches )  ( f e e t )  Per Tree Per Acre 

Seed l ings  0,42 

Cut t ings  0.41 

F-test  s i g n i f i c a n c e  level&/ f o r  s e e d l i n g s  v s  c u t t i n g s  : 

( I )  Unadjusted (. 206) (. 003)** (. 024) * (.004)** (,024)* (.Oil)** ( ,008)** 

( 2 )  hd jus teb l f  -- (,038)* ( .033) * (,032)* (. 113) (.052)* (.048)* 

" ~ c t u a l  p r o b a b i l i t y  l e v e l  f o r  F- tes t  is shorn i n  paren theses .  S i g n i f i c a n c e  a t  t h e  0.05 p r o b a b i l i t y  
level is  des igna ted  by ' * \  and s i g n f i c a n c e  a t  t h e  0.01 l e v e l  is  i n d i c a t e d  by '**'. 

Z1kdjusted by covariance a n a l y s i s  f o r  t h e  diameter  a t  time of p l a n t i n g .  



Plantation Age ( Years) 

Figure 2.--Survival, percent  multiple-stem 
t r e e s ,  and mean he igh t  of t r e e s  during the  
f i r s t  seven years  fo l lov ing  establ ishment  with 
e i t h e r  seed l ings  o r  e u t t  ings  . 

Rantation Age ( Years ) 

Figure 3.--DBH and stem volume of t r e e s  during 
the  f i r s t  seven years  fal lowing establ ishment  
wi th  e i t h e r  s e e d l i n g s  o r  c u t t i n g s .  



Table ?.--Family means and s i g n i f i c a n c e  of family v a r i a t i o n  f o r  seventh-year f i e l d  performance of seed- 
l i n g s  and c u t t i n g s  combined. 

Measurements a f t e r  7  Growing Seasons 
Surv iva l  ;h.lultiple Stems DBH Height Stem Volume (cu . f t . )  

Family (a ( X  of l i v e  t r e e s )  ( in .>  ( f t * >  Per Tree Per Acre 

F-test  s i g n i f  i cance  level&' f o r  family v a r i a t i o n :  

-1'~ests conducted on a r c s i n  of t h e  square r o o t  of percent  s u r v i v a l  o r  percent  m u l t i p l e  stems. 
Actual p r o b a b i l i t y  l e v e l  f o r  F-test  is shown i n  parentheses.  S ign i f icance  a t  t h e  0.05 p r o b a b i l i t y  
l e v e l  is  designated by '*I .  

The l a c k  of 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  DBH and stem volume per  t r e e  was a r e s u l t  of 
l a r g e  G-E i n t e r a c t i o n s  wi th  s e e d l i n g s  versus  
c u t t i n g s ,  where high fami ly  va lues  f o r  one type 
of p l a n t i n g  s tock  were o f f s e t  by low v a l u e s  f o r  
t h e  o t h e r  type (Table 8).  S ign i f icance  l e v e l s  
f o r  t h e  i n t e r a c t i o n  were 0.036 f o r  stem volume 
per t r e e  and 0.072 f o r  DBH. 

Family G-E i n t e r a c t i o n s  wi th  c u t t i n g s  taken 
from t h e  base of t h e  wand versus  c u t t i n g s  taken 
from t h e  top were observed f o r  s u r v i v a l  (Table 
9) and stem volume per  a c r e  (Table 10). Family 
A-1-2 was t h e  primary c o n t r i b u t o r  t o  t h i s  
i n t e r a c t i o n ,  s i n c e  i t  was t h e  only family whose 
top c u t t i n g s  had b e t t e r  s u r v i v a l  than t h e  b a s a l  
c u t t i n g s .  

Even though unrooted c u t t i n g s  u s u a l l y  did 
not  perform a s  wel l  a s  seed l ings ,  t h e r e  were 
some f a m i l i e s  where wand b a s a l  c u t t i n g s  were 

equa l  t o  s e e d l i n g s  i n  performance. Family B-2-1 
produced j u s t  a s  much stem volume per t r e e  and 
p e r  a c r e  from b a s a l  c u t t i n g s  a s  from s e e d l i n g s  
(Tables  8 and 10). Surv iva l  of basa l  c u t t i n g s  
f o r  family S-2-4 was super io r  t o  s u r v i v a l  of t h e  
seed l ings  from t h a t  family (Table 9 ) .  

These examples of G-E i n t e r a c t  ions  provide 
hope t h a t  unrooted c u t t i n g s  w i l l  be a  v i a b l e  
a l t e r n a t i v e  t o  bare-root s e e d l i n g s  i n  p l a n t i n g  
programs of some sycamore genotypes. The causes  
of t h e  i n t e r a c t i o n s  a r e  beyond t h e  scope of t h e  
p resen t  s tudy,  bu t  may be r e l a t e d  t o  g e n e t i c  
d i f f e r e n c e s  i n  i n t e r n a l  composition, amounts, 
and d i s t r i b u t i o n  of photosynthates  and n u t r i e n t s  
a t  the  t i m e  of seed l ing  l i f t i n g  o r  c u t t i n g  
harves t .  Lee and Oh (1978) have repor ted  t h a t  
r o o t i n g  and growth of t ransp lan ted  sycamore 
t r e e s  is b e s t  when the  s o l u b l e  sugar  con ten t  is 
h igh  and moisture content  is low. 



Table 8.--Family means and s i gn i f i c ance  of O-E i n t e r a c t i o n s  f o r  stem 
volume per t r e e .  

Type of  Propagule Planted 
Cutt ings taken from: 

Seedlings Cut t ings Wand Base Wand Top 
Family (A) (B) (c) (D 

------ S t e m  Volume (cu . f t . / t r e e )  and (Family Rank) ----- 

T- 1-4 1.57 1.28 (2) 1.53 (2) 1.03 
-*-------------------------------*-------------------------------------- 

F-Tes t Family x (A v s  B) = * Family x ( C  v s  D) = ns  
S igni f icance  (.036 prob. l e v e l )  (.447 prob. l e v e l )  

Table 9.--Family means and s i gn i f i c ance  of O-E i n t e r a c t i o n s  f o r  percent 
su rv iva l .  

Type of Propagule Planted 
Cut t ings  taken from: 

Seedlings Cutt ings Wand Base Wand Top 
Family (A) (B) (c) (Dl 

--------- Percent Survival  and (Family Rank) ----------- 

62-7 100 90 (1) 100 (1) 79 

T- 1-4 100 79 96 63 (7) 
----"i7----------"----------------------------------------------------- 
F-Test- Family x (A vs  B) = ns  Family x (C v s  D) = ** 
Signi f icance  (.997 prob, l e v e l )  ('003 prob. l e v e l )  

1 ' ~ e s t s  conducted on a r c s i n  of the  square roo t  of percent  surv iva l .  



Table 10.--Family means and s i g n i f i c a n c e  of (2-E i n t e r a c t i o n s  f o r  stem 
volume per a c r e .  

Type of  Propagule Planted 
Cut t ings  taken from: 

Seedl ings Cutt ings Wand Base Wand Top 

..----- Stem Volume (cu. f t , l a c  .) and (Family Rank) ------ 

T- 1-4 685 456 640 (1) 2 73 
---------_.-------------------------------------------------------------- 

F-Tes t Family x (A v s  B) = ns Family x (C v s  D) = * 
S i g n i f i c a n c e  (. 142 prob, l e v e l )  (,a12 prob. l e v e l )  

CONCLUS IONS 

The type of p l a n t i n g  s tock  used t o  
e s t a b l i s h  a sycamore p l a n t a t i o n  w i l l  a f f e c t  
s u r v i v a l ,  frequency of m u l t i p l e  stems, growth, 
and stem volume y i e l d  f o r  a t  l e a s t  seven years  
fol lowing establ ishment .  Bare-root s e e d l i n g s  
w i l l  outperform unrooted c u t t i n g s .  Diameter of 
seed l ing  o r  c u t t i n g  is important ,  with l a r g e  
s e e d l i n g s  outgrowing smal l  s e e d l i n g s  and 
large-diameter c u t t i n g s  from t h e  base of t h e  
wand outperforming small  c u t t i n g s  from t h e  top.  
The s i z e  and p a r t  (base v e r s u s  top) of seed l ing  
o r t e t s  used t o  e s t a b l i s h  roo ts tock  i n  a 
cut t ing-product ion nursery  can a f f e c t  amounts of 
c u t t i n g s  e v e n t u a l l y  harves ted ,  but  w i l l  have no 
carry-over e f f e c t  on f i e l d  performance of those 
c u t t i n g s  . 

Family d i f f e r e n c e s  and G-E  i n t e r a c t i o n s  
with types of p lan t ing  s t o c k  do e x i s t .  In some 
c a s e s  t h e  top ranking f a m i l i e s  f o r  one type of 
p lan t ing  s tock  a r e  the  poorest  f o r  another  type  
s tock .  Even though s e e d l i n g s  u s u a l l y  outper- 
formed unrooted c u t t i n g s  i n  the  present  s tudy ,  
t h e r e  were f a m i l i e s  whose l a r g e  diameter  basa l  
c u t t i n g s  performed j u s t  a s  wel l  a s  t h e  
seed l ings .  Genotypes with t h i s  c h a r a c t e r  must 
be i d e n t i f i e d  i n  e x i s t i n g  sycaaore t r e e  
improvement programs, i f  unrooted c u t t i n g s  a r e  
t o  provide a v i a b l e  a l t e r n a t i v e  t o  seed l ings  f o r  
es tab l i shment  of sycamore p l a n t a t i o n s  , Such an 
a1ternatS.ve would be d e s i r a b l e ,  s i n c e  i t  would 
a l l o w  t h e  u t f l i z a t d o n  of non-additive g e n e t i c  
v a r i a t i o n  f o r  increased g e n e t i c  ga ins .  
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POLLEN STORAGE mTHODS INFLUENCE FILLED SEED YIELDS 

1 / 
I N  CONTROLLED POLLINATIONS OF LOBLOLLY PINE- 

2 / 3/ Freder ick  R, Matthews- and David L. Bramlett- 

Abstract.--Four c lones  of l o b l o l l y  p i n e  were con t ro l -  
p o l l i n a t e d  wi th  f r e s h  p o l l e n  and wi th  3-year-old vacuum- 
s t o r e d  and des icca tor - s to red  po l len .  S torage  t rea tments  d i d  
n o t  s i g n i f i c a n t l y  a f f e c t  t h e  t o t a l  number of developed seeds  
produced p e r  cone. The number of f i l l e d  seeds  p e r  cone and 
t h e  percen t  f i l l e d  seeds  p e r  cone were h igher  a f t e r  vacuum 
than a f t e r  d e s i c c a t o r  s to rage .  Rehydration of p o l l e n  d i d  n o t  
s i g n i f i c a n t l y  a f f e c t  t o t a l ,  f i l l e d ,  o r  percen t  f i l l e d  seed 
y i e l d s  from c o n t r o l l e d  p o l l i n a t i o n s .  Vacuum drying of l o b l o l l y  
p i n e  p o l l e n  is recommended f o r  long-term s t o r a g e .  

INTRODUCTION 

Cont ro l led  p o l l i n a t i o n  is  an i n t e g r a l  p a r t  
of t r e e  improvement programs; i t  is used t o  t e s t  
progeny of p a r e n t a l  s e l e c t i o n s  and t o  provide 
f u t u r e  s e l e c t i o n s  f o r  advanced genera t ion  breed- 
ing .  This  paper r e p o r t s  t o t a l  seed and f i l l e d  
seed y i e l d s  obtained from l o b l o l l y  p i n e  (Pinus 
taeda  L.) cones produced from c o n t r o l l e d  p o l l i -  
n a t i o n s  wi th  p o l l e n  s t o r e d  by two methods 
c u r r e n t l y  i n  use  a t  t h e  Southeas te rn  F o r e s t  
Experiment S t a t i o n .  Host t r e e  b reeders  a r e  pro- 
ducing enough seeds  f o r  t h e i r  needs,  bu t  i t  is  
important  t o  p o l l i n a t e  a s  e f f i c i e n t l y  and e f fec-  
t i v e l y  a s  p o s s i b l e  because t h e  o p e r a t i o n  r e q u i r e s  
expensive hydrau l ic  l i f t s  and cons iderab le  l abor .  
There appears  t o  be  cons iderab le  room f o r  im-  
provement i n  t h e  number of seeds  produced. For 
example,the p o t e n t i a l  number of seeds  p e r  l o b l o l l y  
p ine  cosre is  about 155 (Bramlett 1974). However, 
f i l l e d  seed y i e l d s  p e r  cone a r e  averaging only 
30-35 i n  many breeding programs..&f I f  h igh  y i e l d s  
of f i l l e d  seeds ,  e .g , ,  100 p e r  cone, could be 

I 'paper  p resen ted  a t  Second Southern S i l v i -  
e u l t u r a l  Research Conference, A t l a n t a ,  Georgia, 
November 4-5, 1982 

2 ' ~ l a n t  P a t h o l o g i s t ,  Southeas te rn  F o r e s t  
Experiment S t a t i o n ,  Athens, Georgia 

3/Plant P h y s i o l o g i s t  , Southeas te rn  F o r e s t  
Experiment S t a t i o n ,  Macon, Georgia 

produced c o n s i s t e n t l y ,  breeding c o s t s  would be 
reduced. 

Seed y i e l d s  from c o n t r o l l e d  p o l l i n a t i o n  can 
be  in f luenced  by t h e  v i g o r  and v i a b i l i t y  of p o l l e n ,  
which o f t e n  must be s t o r e d  f o r  s e v e r a l  y e a r s  be- 
f o r e  use.  I n  g e n e r a l ,  f r e s h  p o l l e n  i s  p r e f e r r e d  
t o  s t o r e d  p o l l e n ,  bu t  i n d i v i d u a l  p ines  r e l e a s e  
p o l l e n  a t  t h e  same t i m e  o r  l a t e r  than female 
s t r o b i l u s  r e c e p t i v i t y .  Thus, u n l e s s  a n t h e s i s  of 
t h e  d e s i r e d  male p a r e n t  is  f o r t u i t o u s l y  e a r l i e r  
than t h e  s e l e c t e d  female p a r e n t  o r  t h e  male 
p a r e n t  i s  growing i n  a  more s o u t h e r l y  l a t i t u d e  
where i t  would f lower e a r l i e r  (Dorman and Barber 
1956), i t  is  u s u a l l y  d i f f i c u l t  t o  use f r e s h  
p o l l e n  t o  complete a  l a r g e  number of c o n t r o l l e d  
p o l l i n a t i o n s .  Thus, t r e e  b r e e d e r s  have consider-  
a b l e  i n t e r e s t  i n  p o l l e n  s t o r a g e  methods. The 
c o l l e c t i o n ,  p rocess ing ,  and s t o r a g e  of p o l l e n  h a s  
r e c e n t l y  been discussed by Sprague and Snyder 
(1981) and Matthews and Kraus (1981). 

METHODS AND MTERIALS 

P o l l e n  C o l l e c t i o n s  and Storage 

Dehiscing c a t k i n s  were c o l l e c t e d  from t h r e e  
c lones  (538, 573, 579) a t  t h e  Georgia F o r e s t r y  
C o m i s s i o n ' s  Arrowhead Seed Orchard i n  P u l a s k i  
County, Georgia, i n  Plarch 1977. The c a t k i n s  were 
d r i e d  a t  3ZeC and t h e  p o l l e n  was e x t r a c t e d  and 
s ieved  through a LOO mesh sc reen .  The f r e s h l y  

G'~. R. Sprague, N. C. S t a t e  Universi ty-  
Indus t ry  Cooperat ive Tree Improvement Program, 
Raleigh,  N. C., persona l  comunica t ion .  



e x t r a c t e d  p o l l e n  was placed by c lone  i n  4-ounce 
g l a s s  b o t t l e s  and then l o o s e l y  capped and t e m -  
p o r a r i l y  s t o r e d  over  calcium c h l o r i d e  i n  a des- 
i c c a t o r  a t  2 * ~ .  A f t e r  4 weeks, t h e  p o l l e n  was 
divided i n t o  two s t o r a g e  t rea tments :  (1)  F ive  
c c  of p o l l e n  were placed i n  each of s e v e r a l  
ampules and vacuum-dried u n t i l  mois tu re  con ten t  
was 2-3 percen t  (2 hours  a t  0.05 mm Hg). The 
ampules were then heat-sealed and s t o r e d  a t  2.c. 
f o r  3 years:  (2) The remainder of t h e  p o l l e n  was 
l e f t  i n  t h e  d e s i c c a t o r  a t  2°C i n  t h e  l o o s e l y  
capped 4-ounce g l a s s  b o t t l e s  wi th  each b o t t l e  
approximately 40 percen t  f i l l e d .  Moisture con- 
t e n t  a f t e r  3 y e a r s  was 6-9 percen t .  F resh  
p o l l e n  was c o l l e c t e d  from t h e  same t h r e e  c l o n e s  
i n  1980. 

March 29 and 31, 1980, when t h e  major i ty  of t h e  
bagged s t r o b i l i  were a t  tnaximum r e c e p t i v i t y .  
I s o l a t i o n  bags were removed 2 weeks a f t e r  p o l l i -  
n a t i o n .  

Cone Col lec t ions  and Analysis  

A l l  h e a l t h y  cones were c o l l e c t e d  i n  e a r l y  
October 1981 and 10 cones were randomly s e l e c t e d  
p e r  t reatment  f o r  d e t a i l e d  measurements and cone 
a n a l y s i s .  I n  t h e  cone a n a l y s i s  (Bramlet t ,  e t  a l .  
1977),  a l l  f e r t i l e  s c a l e s  were removed and t h e  
t o t a l  number of seeds  recorded f o r  each cone. 
Radiographs were used t o  determine t h e  number of 
f i l l e d  seeds  p e r  cone. A t o t a l  of 274 cones were 
analyzed. Treatment and c l o n a l  mean va lues  were 
compared by a n a l y s i s  of var iance .  

Control led P o l l i n a t i o n s  
ESULTS AND DISCUSSION 

Four Georgia F o r e s t r y  Commission c l o n e s  i n  
t h e  Arrowhead Seed Orchard (539, 584, 608, and 
632) were s e l e c t e d  f o r  female p a r e n t s .  On a 
s i n g l e  ramet of each c lone ,  30 branches bear ing  
female s t r o b i l i  were tagged, and one of s i x  con- 
t r o l l e d  p o l l i n a t i o n  t rea tments  was randomly 
assigned t o  f o u r  branches f o r  each t reatment .  
The branches were enclosed i n  sausage cas ing  
i s o l a t i o n  bags on March 18-19, 1980. For a 
c o n t r o l ,  s i x  randomly s e l e c t e d  branches per  t r e e  
were n o t  bagged and thus  were wind p o l l i n a t e d .  
For each s t o r a g e  method, p o l l e n  was e i t h e r  re- 
hydrated o r  n o t  rehydrated.  Stored p o l l e n  h a s  a 
g r e a t e r  i n  v i t r o  germinat ion i f  rehydrated a t  
100 percen t  r e l a t i v e  humidity f o r  16 hours  b e f o r e  
t e s t i n g  (Goddard and Matthews 1981). Treatments 
were : 

TmAWNT NO. STORAGE METHOD REmDRATION 

1 Vacuum 
2 Vacuum 
3 Des icca tor  
4 Des icca tor  
5 Fresh 
6 Fresh 
7 Wind 

Yes 
No 
Yes 
No 
Yes 
No 
- - 

J u s t  p r i o r  t o  p o l l i n a t i o n ,  a polymix of 
each of t h e  t h r e e  p o l l e n  types  was made by mixing 
equa l  volumes of p o l l e n  from each of t h e  t h r e e  
c lones .  Agar p l a t e  t e s t i n g  of rehydrated p o l l e n s  
(Goddard and Matthews 1981) a t  t h e  time of 
p o l l i n a t i o n  showed i n  v i t r o  germinat ion of f r e s h  
p o l l e n  t o  be  98 percen t ,  vacuum-stored p o l l e n  94 
percen t ,  and des icca tor - s to red  p o l l e n  9 1  percen t .  

A cyclone p o l l i n a t o r  (Matthews and Bramlet t  
1981) was used i n  a s i n g l e  a p p l i c a t i o n  of 0.50 c c  
of p o l l e n  p e r  bag. P o l l i n a t i o n s  were made on 

T o t a l  Seeds Per  Cone 

The t o t a l  number of seeds  p e r  cone i s  a 
measure of seed s e t t i n g  a b i l i t y  of t h e  cone and 
i n d i c a t e s  t h e  number of ovules  p o l l i n a t e d  w i t h  a t  
l e a s t  one v i a b l e  p o l l e n  g r a i n .  I f  ovules  a r e  un- 
p o l l i n a t e d  o r  i f  t h e  p o l l e n  f a i l s  t o  germinate on 
t h e  n u c e l l u s  t i s s u e ,  t h e  ovule a b o r t s  dur ing  t h e  
f i r s t  y e a r  of development and does n o t  form a 
seedcoat  (Bramlett e t  a l .  1977). 

Storage method d i d  n o t  s i g n i f i c a n t l y  a f f e c t  
t h e  t o t a l  y i e l d  of seeds  p e r  cone when t h e  s i x  
t rea tment  means were compared (Table I ) .  Also,  
t h e  rehydra t ion  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  
t h e  t o t a l  seed y i e l d  w i t h i n  each s t o r a g e  method. 
Thus, a l though t h e  rehydra t ion  i s  necessary f o r  
i n  v i t r o  germinat ion t e s t s ,  i t  does n o t  appear  t o  -- 
be important  f o r  c o n t r o l l e d  p o l l i n a t i o n s .  

F i l l e d  Seeds Per  Cone 

As t h e  t o t a l  number of seeds  p e r  cone i s  a 
measure of t h e  number of ovules  p o l l i n a t e d  w i t h  
v i a b l e  p o l l e n  g r a i n s ,  t h e  number of f i l l e d  seeds  
p e r  cone is  a measure of t h e  number of seeds  con- 
t a i n i n g  an embryo and gametophyte t i s s u e  (occasion- 
a l l y  seeds  may have gametophyte t i s s u e  without  an 
embryo). Since only f i l l e d  seeds  a r e  capable of 
germinat ing t o  produce s e e d l i n g s ,  t h i s  is t h e  
most important  measure of s u c c e s s f u l  p o l l i n a t i o n  
procedures.  I f  f e r t i l i z a t i o n  f a i l s  t o  occur ,  o r  
i f  t h e  embryo a b o r t s  soon a f t e r  f e r t i l i z a t i o n ,  
then t h e  gametophyte t i s s u e  does n o t  develop. The 
seedcoa t ,  however, i s  f u l l  s i z e  a t  t h e  t i m e  of 
f e r t i l i z a t i o n  and abor t ion  of t h e  embryo and 
gametophyte l eaves  an empty seed o r  "popt'. I n  
t h i s  s tudy ,  f i l l e d  seed y i e l d s  were s i g n i f i c a n t l y  



Table 2.--Number and percent filled seeds per cone from loblolly pine 
cones control pollinated with rehydrated and nonrehydrated vacuum- 
stored, desiccator-stored, or fresh pollen 

GFC -- 
CLONE V AC m i  

NO. R E a B .  N O W H f i D .  REHYD. 

% Mo. % Mo. % No. % No. % No. % % % N o . - - - - - - - - - - -  
5 39 109 95 112 95 55 50 55 5 3  92 93  102 93 114 94 

llMeans not designated with the same letter are significantly different at the 0.05 level 
of probability by Duncan's New Multiple Range Test. Wind-pollinated cones were not included in 
the analysis. 

Percent Filled Seed 

The actual number of filled seeds per cone 
is of the greatest importance to tree breeders, 
but the ratio of filled seed to total seed or 
the percentage of filled seeds is frequently used 
to evaluate overall seed production performance. 
The percentage of filled seeds rarely approaches 
100 percent, even with wind-pollinated cones, 
because many factors including insect damage, 
genetic embryo incompatibility, fungi, and 
physiological stress may cause embryo abortion 
and empty seeds. 

In this study, the pollen storage method 
significantly affected the percentage of filled 
seeds (Table 2 ) .  The value for 3-year-old 
desiccator-stored pollen averaged only 43 per- 
cent compared to 82-85 percent for vacuum-stored 
pollen, 86 percent for fresh pollen, and 8 3  per- 
cent for wind pollen. Pollen that was vacuum- 
stored, desiccator-stored, or freshly collected 
all had over 90 percent gemination in vitro 
before pollination. Also, the high total seed 
yields support the view that the pollen was also 
viable in vivo as no difference was observed in 
total seed yields per cone. From these observa- 
tions, we conclude that viable pollen was present 
in the strobili pollinated with desiccator-stored 
pollen; yet, healthy embryos were produced in 
only 4 3  percent of the ovules. 

Two possible explanations for the low per- 
centage of filled seeds depend on the probability 
that the desiccator-stored pollen was viable but 
had only marginal vigor. Gemination of this 
pollen in the ovule stimulated ovule and seedcoat 
development but the pollen may not have continued 
growth the second year to complete fertilization. 
Without fertilization the embryo and gameto- 
phyte would abort. Alternatively, fertilization 
may have occurred with the desiccator-stored 
pollen, but the embryo may have been too weak to 
continue development and may have aborted soon 
after fertilization. Either event would lead to 
an empty seed. 

CONCLUSIONS 

This study demonstrates that vacuum storage 
of loblolly pine pollen is highly effective for at 
least 3 years. Both the total and filled seed 
yields per cone following controlled pollinations 
with vacuum-stored pollen were comparable to the 
seed yields from pollinations with freshly 
collected pollen. With desiccator-stored pollen, 
the total seed yield was equal to those with 
vacuum or fresh pollen sources, but the filled seed 
yield per cone was considerably reduced. The re- 
latively high moisture content of the desiccator- 
stored pollen could decrease viability by allowing 
continued pollen metabolism and by promoting 



reduced when des icca tor - s to red  p o l l e n  was used 
(Table 2 ) .  Both t h e  vacuum-stored and f r e s h  
p o l l e n  produced very  h igh  f i l l e d  seed y i e l d s  
p e r  cone. The des icca tor - s to red  p o l l e n ,  however, 
on ly  produced about one h a l f  t h e  number of 
f i l l e d  seeds  per  cone, averaging 45 t o  52 seeds  
p e r  cone compared t o  97 t o  99 f i l l e d  seeds  p e r  
cone wi th  vacuum-stored p o l l e n  and 100 t o  103 
f i l l e d  seeds  p e r  cone wi th  f r e s h  po l len .  

Table 1.--Total seed y i e l d s  p e r  cone from l o b l o l l y  p i n e  cones con t ro l -  
p o l l i n a t e d  wi th  rehydrated and nonrehydrated vacuum-stored, des icca tor -  
s t o r e d ,  o r  f r e s h  p o l l e n  

GFC POLLEN STORAGE METHOD 
CLONE VACUUPl DESICCATOR FRESH WIND 

NO. REHYD . NONEHYD . REHYD . NONREHYD . REHYD . NONREHYD . 

- I / ~ e a n s  n o t  des igna ted  wi th  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  by Duncan's New Mul t ip le  Range Tes t .  Wind-pollinated cones were n o t  included i n  t h e  
a n a l y s i s .  



SIWLATED GROWTH AND YIELD OF SINGLE-FATIILY VERSUS 1"IIULTI-FANILY LOBLOLLY 

2 / 
Warren L. Nance- 

Abstract.--A s imula tor  (PTAEDA) was modified t o  s imula te  
t h e  growth and y i e l d  of l o b l o l l y  pine p l a n t a t i o n s  
e s t a b l i s h e d  wi th  s i n g l e  f a m i l i e s  and mixtures  of f a m i l i e s  
wi th  d i f f e r e n t  g e n e t i c  growth p o t e n t i a l .  The s imula t ions  
i n d i c a t e  t h a t  t h e  y i e l d  of mixed p l a n t a t i o n s  may be 
p r e d i c t a b l e  u s i n g  t h e  y i e l d s  of s i n g l e  family p l a n t a t i o n s  
combined i n  an a d d i t i v e  nodel.  However, the  r e l a t i v e  
c o n t r i b u t i o n  of a  family t o  t h e  t o t a l  volume i n  a  mixed 
p l a n t a t i o n  is l e s s  p r e d i c t a b l e  and depends on which f a m i l i e s  
a r e  mixed and i n  what proport ions.  Based on t h e s e  r e s u l t s ,  
mixed p l a n t a t i o n s  probably would no t  y i e l d  more than  a  
s i n g l e  family p l a n t a t i o n  of t h e  b e s t  component family 
p lan ted  on t h e  same s i t e ,  However, mixed p l a n t a t i o n s  may 
o f f e r  o t h e r  advantages t h a t  could be u t i l i z e d  by f o r e s t  
managers. 

INTRODUCTION 

The primary goal  of l o b l o l l y  pine (P inus  taeda  
L.) t r e e  improvement programs i s  t h e  product ion of 
p l a n t i n g  s t o c k  t h a t  i s  s u p e r i o r  t o  woodsrun s tock  
i n  growth, form, and r e s i s t a n c e  t o  d i s e a s e s  and 
i n s e c t s .  Fores t  g e n e t i c i s t s  have s e l e c t e d  and 
t e s t e d  many i n d i v i d u a l  t r e e s  t h a t  e x h i b i t e d  
phenotypic s u p e r i o r i t y  i n  one o r  more of t h e s e  
t r a i t s ,  The most promising s e l e c t i o n s  have been 
placed i n  product ion seed orchards which c u r r e n t l y  
produce most of t h e  seed used t o  p l a n t  i n d u s t r y  and 
government land a s  w e l l  a s  a  l a r g e  percentage of 
t h a t  used f o r  p r i v a t e  land.  

Fundamental ques t ions  a r i s e  when seed i s  
c o l l e c t e d  i n  t h e  orchard. Should seed from each 
family be c o l l e c t e d  and maintained s e p a r a t e l y ,  o r  
should t h e  seed be bulked without  regard t o  family 
i d e n t i t y ?  Should t h e  seed orchard manager, the  
f o r e s t  g e n e t i c i s t  o r  t h e  f o r e s t  manager make t h e  
dec i s ion?  I f  t h e  dec i s ion  i s  t o  mix f a m i l i e s ,  
which ones should be mixed and i n  what p ropor t ion?  

1/ Paper presented a t  Southern S i l v i c u l t u r a l  
~ e s e a F c h  Conference, A t l a n t a ,  Georgia, November 4- 
5,  1982. 

2f Warren L. Nance i s  P r i n c i p a l  P lan t  
~ e n e t y c i s t  , Southern Fores t  Experiment S t a t i o n ,  
F o r e s t  Service--USDA, Gul fpor t ,  Miss i ss ipp i .  

I n  p r a c t i c e ,  most seed orchard managers bulk 
t h e  seed ,  producing a  complex mixture i n  which 
a l l  f a m i l i e s  a r e  mixed i n  p ropor t ion  t o  t h e  
number of seeds they produce. The only f a c t o r  
determining t h e  propor t ion  of each family i n  t h e  
mix i s  t h a t  f a m i l y ' s  r e l a t i v e  seed product ion i n  
t h a t  year .  There a r e  many v a l i d  arguments 
a g a i n s t  t h i s  p r a c t i c e  (Gladstone 1980). One of 
t h e  s t r o n g e s t  is  t h a t  a l l  f u t u r e  op t ions  
regard ing  mixing a r e  e l imina ted  i n  t h e  seed 
orchard by t h e  mixing. I f  seed from each family 
were c o l l e c t e d  and kept  s e p a r a t e  i n  t h e  orchard,  
then f o r e s t  managers and g e n e t i c i s t s  could 
eva lua te  d i f f e r e n t  mixing a l t e r n a t i v e s  and choose 
t h e  most d e s i r a b l e  a l t e r n a t i v e .  That s t r a t e g y  
could then be executed by mixing ( o r  no t  mixing) 
seed o r  s e e d l i n g s  from d i f f e r e n t  f a m i l i e s  i n  
planned proport ions.  

Some managers a r e  c o l l e c t i n g  and maintaining 
seed s e p a r a t e l y  f o r  each family i n  t h e  orchard,  
and i t  seems l i k e l y  t h a t  more orchards w i l l  adopt 
t h i s  approach. Fores t  managers and g e n e t i c i s t s ,  
then,  must be a b l e  t o  eva lua te  var ious  mixing 
a l t e r n a t i v e s .  However, not enough i s  known about 
t h e  e f f e c t s  of mixing on t h e  growth and y i e l d  of 
l o b l o l l y  pine p l a n t a t i o n s  t o  develop optimum 
mixing s t r a t e g i e s .  Mixing experiments us ing  
l o b l o l l y  pine s e e d l i n g s  one o r  two years  o l d  have 
been repor ted  (Adams e t  a L  1973, Snyder and Allen 
1971), but r e s u l t s  based on s e e d l i n g  growth 
cannot be extended wi th  confidence t o  p l a n t a t i o n  
growth and y i e l d .  

A review of t h e  a g r i c u l t u r a l  crop sc ience  
l i t e r a t u r e  r e v e a l s  a  v a s t  amount of a c t i v i t y  i n  



detrimental activities of fungal and bacterial 
contaminants during the storage period. Vacuum 
drying and storage produce an atmosphere of low 
moisture and gaseous content, thus decreasing 
these destructive processes and reducing pollen 
deterioration (Matthews and Kraus 1981). 

There are numerous advantages of a reliable 
and consistent long-term storage procedure for 
pine pollen, With properly stored pollen of 
high viability, only a few isolation bags are 
needed per cross. As was demonstrated in this 
study, when vacuum-stored pollen is used, only 
five or six pollination bags and about 20-25 
female strobili should produce more than 1,000 
filled seeds per cross. Furthermore, once pollen 
has been placed in vacuum storage at low moisture 
content it remains highly viable for at least 5 
years so th t additional collections are un- 
necessary .d Also, efficient and effective 
storage and pollination procedures reduce the 
quantity of pollen to be collected, processed, 
and stored. A single ampule containing 5 cc of 
vacuum-stored pollen is adequate for each cross. 
These procedures can substantially reduce breed- 
ing costs by reducing the number of isolation 
bags and strobili required per cross. In 
addition, more individual crosses can be completed 
in a given breeding season, and breeding may 
begin on younger trees when the number of female 
strobili is small, thereby accelerating the 
improvement of southern pines. 
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regard to mixing different varieties of the same 
crop, and yet the results are not conclusive enough 
in most crops to allow crop scientists to choose 
between mixes or monotypes as a general strategy. 
There are, however, specific situations that favor 
mixing, For example, there is a tendency in some 
crops for mixes to produce more stable yields than 
monotypes when planted over a range of differing 
environments (Frey and Maldonado 1967, Allard 1961, 
Allard and Bradshaw 1964, Jensen 1965, Qualset and 
Granger 1970, and Simonds 1962). Also, there is 
some evidence that the risk to disease loss may be 
less for mixes than for monotypes (Browning and 
Frey 1969). Whether or not mixing could provide 
similar benefits in loblolly pine is unknown. 

Perhaps the only way to resolve the mixing 
controvery is to establish mixing experiments in 
forest trees similar to those common in crops. 
Such experiments are being initiated now, but even 
if they are installed in the field next year, it 
will take at least 5 to 10 years for meaningful 
results to accumulate. Even then, only a small 
number of the possible mixing combinations can be 
included in any field experiment of reasonable 
size. 

In the interim, the decision to plant single or 
multi-family plantations could have far reaching 
economic and biological effects, and any insight 
into the mixing phenomenon provided by computer 
simulation could be valuable to forest scientists 
and others faced with such decisions. For example, 
computer simulations of the growth and yield of 
single family and multi-family plantations of 
loblolly pine could complement the experimental 
approach to the mixing problem by helping 
scientists evaluate the various field designs that 
have been used in crops for applicability to 
loblolly pine. This could be very helpful in view 
of the large investment of resources required for 
complex, long term experiments in forest trees. 
Simulations could also help managers evaluate the 
advantages and disadvantages of mixing during the 
next few years before experimental data become 
available . 

In this paper, a modified loblolly pine 
individuai-tree growth and yield model is presented 
that allows mixing of loblolly pine families with 
different growth potentials in various proportions. 
A classic crop mixing experiment, the DeWit (1960) 
replacement series, is simulated, and from the 
results some general insights into the mixing 
problem in even-age loblofly pine plantation 
management are developed. 

The loblolly pine individual tree growth and 
yield simulator named PTAEDA (Daniels and Burkhart 
1975) was chosen as a starting point in developing 
a mixing simulator, This simulator was originally 
developed for woodsrun plantations, and compares 
favorably with other growth and yield models in 

predicting the growth and yield of woodsmn 
loblolly pine plantations (Daniels et al. 1979). 
The original, unmodified FORTRAN version was named 
PTAEDA . 

The Original Model.--PTBDA is described fully 
in Daniels and Burkhart (1975), including a 
complete FORTRAN listing. Briefly, the simulator 
assigns coordinate locations in a stand and "grows" 
each tree annually. The growth of an individual 
tree is predicted as a function of the tree's 
current size, the site quality, and competition 
from neighbors, Predicted growth increments are 
then adjusted by adding a stochastic element 
representing individual-tree genetic and microsite 
variability, Individual tree mortality is also 
simulated by the program using the tree's 
competitive status and size to generate an expected 
probability of death which is then applied 
stochastically to the tree. Subroutines to 
simulate thinning, site preparation, and 
fertilization operate on the stand by removing 
trees from the stand, adjusting the response to 
competition from neighboring trees, or adjusting 
the site quality respectively, 

The growth predictor in PTAEDA is based on 
certain assumptions regarding the way individual 
trees within a stand grow in the presence of 
competition, Basically, it is assumed that growth 
in height and diameter follows some theoretical 
growth potential that can only be attained by trees 
occupying dominant and codominant positions within 
the stand. An adjustment factor is applied to this 
expected main canopy growth increment based on a 
tree's competitive status and vigor -- intermediate 
and suppressed trees receive large reductions while 
dominant and codominant trees receive little or no 
adjustment from the theoretical maximum potential 
growth. 

The expected main canopy annual height growth 
potential in the stand is given by the following 
formula: 

-[(s~)lo -B(l/A2 - 1/25)] 
where : 

PHIN(A1, ~ 2 )  = potential height increment 
from age A1 to age A2 

HD(A1) = predicted mean height of the 
dominant and codominant trees 
in the stand at age A1 

HD(A2) = predicted mean height of the 
dominant and codominant trees 
in the stand at age A2 

SI = site index of the stand at 
index age 25. 

B = Form coefficent for the site 
index curve, equal to -5.86537. 
The site index curve is assumed 
to have the form: 
loglO(HD) = a + B(l/A) 



This  formula can be recognized a s  simply t h e  
f i r s t  d i f f e r e n c e  wi th  r e s p e c t  t o  age of t h e  s i t e  
index curve f o r  t h e  s tand .  The p r e d i c t e d  he igh t  
p o w t h  of an i n d i v i d u a l  t r e e  i n  t h e  per iod  A1 t o  A2 
is then given by: 

where : 
HIN(A1, A2) = a c t u a l  he igh t  increment of 

s u b j e c t  t r e e  from age A1 t o  age 
A2. 

LC = l i v e  crown r a t i o  of s u b j e c t  t r e e .  
CI = competi t ion index of s u b j e c t  

t r e e  . 
PHIN(A1, A2) = p o t e n t i a l  he igh t  increment from 

age A 1  t o  age A2. 
e  = 2.71814 

B1 = 0.54631 
B2 = 124.8635 
B3 = 1.66254 
R4 = -1.15083 
Bg = -6.66226 

The competi t ion index (CI) used i n  t h e  above 
equa t ion ,  and elsewhere throughout t h e  program, 
q u a n t i f i e s  competi t ive s t r e s s  f o r  i n d i v i d u a l  t r e e s  
and r e p r e s e n t s  t h e  t o t a l  e f f e c t  of competi t ion f o r  
s c a r c e  resources.  The index is a modified form of 
Hegyi's index (Hegyi 1974) which has t h e  fo l lowing  
f  o m :  

where : 
C I i  = competi t ion index of t h e  i t h  t r e e .  

D i  = d.b.h. of t h e  s u b j e c t  t r e e .  
D j  = d.b.h. of t h e  j t h  competing t r e e .  

DISTij = d i s t a n c e  between s u b j e c t  t r e e  and 
and j t h  competitor.  

n  = t h e  number of neighbors  f a l l i n g  
wi th in  a  Basal  Area Fac tor  10 
angle  gauge. 

E s s e n t i a l l y  t h i s  index  s imula tes  a  po in t  
sampling ( t h e  s u b j e c t  t r e e  being t h e  c e n t e r  p o i n t )  
of a l l  neighboring t r e e s  t h a t  f a l l  w i t h i n  a  BAF 10 
prism sweep, weight ing t h e  sampled t r e e ' s  in f luence  
a s  a  f u n c t i o n  of i t s  d i s t a n c e  and s i z e  r e l a t i v e  t o  
t h e  s u b j e c t  t r e e .  The use  of a  BAF 10 angle  gauge 
is  a modi f ica t ion  of t h e  o r i g i n a l  Hegyi index,  which 
used a  f i x e d  10-ft.  sea rch  r a d i u s  f o r  competi tors .  

The maximum diameter a t t a i n a b l e  f o r  any t r e e  i n  
t h e  s t a n d  i s  assumed t o  be equa l  t o  t h a t  a t t a i n a b l e  
f o r  open-grown t r e e s  of t h e  same age and he igh t  a s  
t h e  s u b j e c t  t r e e .  The fo l lowing  formula, based on a  
sample of open-grown t r e e s ,  i s  used t o  p r e d i c t  t h i s  
maximum d,b.h.: 

where : 
D W ( A ,  H) = maximum d.b,h. of open-grow t r e e  

a t  age A wi th  t o t a l  h e i g h t  H ,  
H = t o t a l  he igh t  i n  f e e t  
A = t o t a l  age i n  years  
B1 = -2,422297 
B2 = 0.286583 
B3 = 0.209472 

The f i r s t  d i f f e r e n c e  wi th  respec t  t o  age of t h e  
above equa t ion  y i e l d s  t h e  maximum a t t a i n a b l e  
diameter  increment f o r  any t r e e  i n  t h e  s t a n d  of 
he igh t  H f o r  any y e a r l y  increment A1 t o  A2 ( i . e .  
A2-A1- 1 ) : 

where : 
PDIN(Al,A2) = pred ic ted  maximum p o t e n t i a l  

diameter increment i n  t h e  per iod  
A1 t o  A2. 

HIN(Al,A2) = pred ic ted  a c t u a l  he igh t  increment 
i n  t h e  period A1 t o  A2. 

B1 = 0.209472 
B2 = 0.286583 

This  p o t e n t i a l  diameter  increment is  then 
a d j u s t e d  i n  t h e  fo l lowing  formula t o  y i e l d  t h e  
p r e d i c t e d  diameter  increment f o r  any given t r e e  i n  
t h e  s tand:  

where : 
DIN(A1, A2) = a c t u a l  diameter increment of 

s u b j e c t  t r e e  f o r  per iod  A1 t o  A2. 
PDIN(A1, A2) = maximum p o t e n t i a l  diameter  

increment of s u b j e c t  t r e e  f o r  
per iod A1 t o  A2. 

LC = l i v e  crown r a t i o  of s u b j e c t  t r e e ,  
C I  = competi t ion index of s u b j e c t  

t ree .  
B1 = 0.08652 
B2 = 0.20178 
B3 = 1.79998 
B4 = -1.32061 

F i n a l l y ,  a  random o r  s t o c h a s t i c  element i s  
added t o  both H I N  and BIN t o  s imula te  
ind iv idua l - t ree  depar tu res  from pred ic ted  growth 
due t o  m i c r o s i t e  and g e n e t i c  v a r i a t i o n .  

The modified model.--Of t h e  s i x  growth 
equat ions i n  PTAEDA, t h e  fundamental growth 
r e g u l a t o r  is  t h e  "'maximum he igh t  growth p o t e n t i a l ' '  
of any t r e e  def ined  by equat ion I .  This p o t e n t i a l  
f o r  he igh t  growth i s  assumed t o  be t h e  same f o r  a l l  
t r e e s  i n  t h e  woodsrun p l a n t a t i o n  and i s  der ived  
from t h e  expected he igh t  growth over t i m e  f o r  
dominant and codominant woodsrun t r e e s  on t h e  s i t e .  
The c o n t r o l l i n g  parameters of t h e  he igh t  growth 
p o t e n t i a l  a r e  S I  and B of equat ion 1, which 
t o g e t h e r  q u a n t i f y  t h e  s i t e  index curve and a l low 
t h e  p r e d i c t i o n  of dominant-codominant h e i g h t  growth. 



Genetic improvement of growth should be 
reflected in an increase in height growth potential 
compared to woodsrun. For a given planting site, 
the expected increase in height growth potential 
of improved stock should be reflected in either an 
increase in site index (Sf) with respect to 
woodsrun, or a change in the form of the site index 
curve ( B )  compared to that of woodsrun, or both, 
For example, a given planting site on which woodsrun 
trees have an expected site index (age 25) of 60 
feet might be expected to produce a site index of, 
for example, 65 feet when planted with an improved 
family. Likewise, the form coefficient (B )  night 
also be expected to change from -5.86537 (the 
standard for woodsrun in PTAEDA) to, for example, 
-4.65, reflecting an accelerated early height growth 
rate of improved stock compared to woodsrun, 
Previous work (Nance and Wells 1980) has shown that 
at least for certain types of genetic improvement, 
both the site index and the form of the site index 
curve may be affected. 

Of course, other growth components could also 
be affected by genetic selection. However, the 
dominant role of equation 1 in PTAEDA suggests that 
modifications to other components beyond equation 1 
would produce relatively minor additional effects 
compared to those brought about by modifying 
equation 1. In any event, essentially no 
experimental data is available to suggest what 
changes, if any, would be required in the remaining 
growth components. 

The situation is more complex when 
modifications required for the simulation of mixed 
plantations are considered. First, each family in 
the mix could have a different height growth 
potential -- requiring a different SI and B for 
equation 1 for each family in the plantation. This 
is easily accomplished by the following modification 
of equation 1: 

-[(s~~)lo - ~ ~ ( l / m  -1/n5) 
where : 

PHINi(A1, A2) = potential height increment 
from age A1 to age A2 for the 
ith family. 

HDi(Al) = predicted mean height of 
dominant and codominant trees 
of the ith family growing in a 
pure stand at age Al. 

HDi(A2) = predicted mean height of 
dominant and codominant trees 
of the ith family growing in a 
pure stand at age A2. 

11 The addition of the square root operator in this - 
equation is an alternative form of the site index 
model preferred by the author. 

SIi = site index of the ith family 
in a pure stand on this 
planting site at index age 25. 

Bi = form coefficient for the site 
index curve of the ith family 
grown in a pure stand on this 
planting site. The form of 
the site index curve is 
assumed to be: 
log lo(^^)= a + B~( 1ISA) 

In this equation, trees from different families 
are given different height growth potentials, and 
these potentials are determined by the-performance 
of individual families in pure stands on the same 
site. 

A second consideration is the interaction 
between trees from different families when competing 
in the same stand. The competition index, as defined 
in equation 3, dictates an inherent interaction 
between trees of different sizes but does not 
specifically allow genotype by genotype interactions 
beyond that implied by size differences. However, 
since equation 7 allows the expression of genetic 
potential in terms of size differences, then the 
existing competition index equation will 
automatically produce interactions between families 
in the stand. In this sense, genetic interaction is 
accomplished without modifying the competition model. 
Whether or not families could be expected to interact 
in more specific ways over and above that brought 
about by size differences is unknown. 

Likewise, it is assumed that the other growth 
equations in the system do not require direct 
modification due to their heavy dependence on 
equation 7, Under the above assumptions, then, the 
only fundamental modification required in PTAEDA's 
growth relationships to allow for the simulation of 
mixed plantings is the substitution of equation 7 
for equation 1. 

The other modifications to PTAEDA were mainly 
restricted to subroutine PLANT, and simply involved 
modifications to vary the number of families to be 
planted, the number of trees per acre to be planted 
from each family, and the spatial arrangement one 
to another within the planting, Of course, 
numerous modifieations were made to other 
subroutines in PTAEDA to keep up with identity and 
growth characteristics of each family (i.e,, 
estimates of SI and B in equation 7 for each 
family) as well as the location and family identity 
of each tree in the stand. This modified form of 
PTAEDA was named LOBNIX, 

THE SIWLATION EXPERIMENT 

The classic approach to mixing experiments in 
crops is the DeWit (1960) replacement series 
experiment. In this experimental approach, genetic 
entities (families, varieties, etc.) are grown in 
pure stands and in binary mixes where the 



propor t ion  of each e n t i t y  i n  t h e  mix i s  v a r i e d  
s y s t e m a t i c a l l y  -- u s u a l l y  i n  t h e  t h r e e  propor t ions  
1:3, 1:1, and 3 : l .  The r e s u l t s  of such experiments 
al low q u a n t i f i c a t i o n  of t h e  e f f e c t  of mixing on 
y i e l d s  and t h e  p r e d i c t i o n  of t h e  performance of 
un tes ted  mixes knowing only t h e  monotype 
performance of t h e  d e s i r e d  components. 

The LOBMIX program i s  capable of s imula t ing  a  
DeWit replacement s e r i e s  experiment i n  l o b l o l l y  
pine. B a s i c a l l y ,  it is necessary t o  e s t i m a t e  t h e  
expected performance ( i , e . ,  expected S I i  and Bi of 
equat ion I a )  of each family grown i n  pure s t a n d s  on 
t h e  prospec t ive  p l a n t i n g  s i t e .  Once t h e s e  a r e  
provided, t h e  program a l lows  mixing of one t o  t e n  
f a m i l i e s  i n  any proport ion.  The program w i l l  then 
s imula te  t h e  growth and development of such mixes 
and provide d e t a i l e d  o u t p u t s  comparing t h e  r e l a t i v e  
c o n t r i b u t i o n  of each component t o  t h e  t o t a l  s t a n d  
y ie ld .  

A h y p o t h e t i c a l  s e t  of f i v e  " fami l ies"  was 
chosen a s  t h e  b a s i c  s e t  t o  be mixed. These f a m i l i e s  
d i f f e r  i n  both s i t e  index p o t e n t i a l  and i n  t h e  form 
of t h e i r  s i t e  index curves ( i .e .  loglO(HD) = a  + 
~ ( 1 I f i ) )  a s  d e t a i l e d  below: 

Family SI  B - -- 

The va lues  f o r  S I  and B f o r  each family were 
suggested by seed source d a t a  presented i n  Nance 
and Wells (1980). 

The t e n  binary combinations of these  f i v e  
f a m i l i e s  were s imulated i n  t h r e e  mixing 
propor t ions ,  1:3, 1:1, and 3:l.  The spac ing  was 6  
x  10 f t .  (726 t r e e s  per  a c r e ) ,  and t h e  t r e e s  from 
each family were randomly assigned t o  each p l a n t i n g  
space ( i , e . ,  a  blend) .  The growth of t h e  f i v e  
f a m i l i e s  i n  pure s t a n d s  was a l s o  s imulated.  Hence, 
t h e r e  were 35 d i f f e r e n t  s imulated s tands.  The 
s tands  were "grown" t o  age 25 wi th  no th inn ing ,  
f e r t i l i z a t i o n  o r  s i t e  p repara t ion  op t ions  chosen. 

Due t o  t h e  s t o c h a s t i c  components i n  LOBMIX, 
each time a p a r t i c u l a r  s t a n d  i s  s imula ted ,  
d i f f e r e n t  r e s u l t s  a r e  obtained,  This inheren t  
v a r i a t i o n  was buLlt i n t o  PTAEDA (and hence i n  
LOBMIX) by i t s  developers  t o  s imula te  n a t u r a l  
b i o l o g i c a l  v a r i a t i o n  i n  s t a n d  development. For 
t h i s  experiment, each s imula t ion  of a  p a r t i c u l a r  
s tand  was simply labe led  a  " rep l ica te" .  Each of 
t h e  35 s tands  was r e p l i c a t e d  5 times. 

The e n t i r e  s imula t ion  experiment was executed 
on a  smal l  minicomputer and took s l i g h t l y  more than  
100 hours of c e n t r a l  processor  time. 

ANALYSES 

The volume of each t r e e  i n  each s t a n d  a t  age 25 
was computed u s i n g  t h e  fo l lowing  equa t ion  (Daniels  
and Burkhart 1975): 

where : 
V = t o t a l  stem cubic-foot volume o u t s i d e  bark. 
D = d.b.h. i n  inches,  
H = t o t a l  he igh t  i n  f e e t .  

B1 = 0.34864 
B2 = 0.00232 

For each of t h e  35 types of s tands ,  i n d i v i d u a l  t r e e  
volumes were t o t a l e d  and subsequently averaged over  
t h e  f i v e  r e p l i c a t e s .  I n  a d d i t i o n ,  t o t a l  volumes 
f o r  each family i n  each s t a n d  were a l s o  accumulated 
and averaged over r e p l i c a t i o n s ,  

One ques t ion  t h a t  always a r i s e s  when d e a l i n g  
wi th  r e s u l t s  from mixing experiments i s  whether o r  
no t  t h e  mixed s t a n d  y i e l d s  can be p r e d i c t e d  u s i n g  
only t h e  s i n g l e  family y i e l d s  of t h e  f a m i l i e s  i n  
the  mix. One approach t o  t h i s  ques t ion  is  t o  
assume a  s imple a d d i t i v e  model l i k e  t h e  fol lowing:  

where : 

Vi+j = expected volume per  a c r e  of a  mixed 
s tand  of family i wi th  family j. 

Z i j  = proport ion of t h e  mixed s t a n d  
o r i g i n a l l y  p lan ted  with family i. 

Zj i  = proport ion of t h e  mixed s tand  
o r i g i n a l l y  p lan ted  wi th  family j. 

Vii = volume per  a c r e  of a  pure s t a n d  of 
family i. 

V j j  = volume per  a c r e  of a  pure s t a n d  of 
family j. 

Vi j  = expected volume per  a c r e  of fami ly  i 
mixed wi th  family j expressed over  
t h e  e n t i r e  a r e a  occupied by t h e  
mixed s tand.  

V i j  = expected volume per  a c r e  of fami ly  j 
mixed wi th  family i expressed over  
t h e  e n t i r e  a r e a  occupied by t h e  
mixed s tand.  

I f  t h e  model f i t s ,  then t h e  y i e l d  f o r  any mixed 
p l a n t a t i o n  can be pred ic ted  i f  t h e  pure fami ly  
y i e l d s  of t h e  component f a m i l i e s  on t h e  same s i t e  
is known. This i d e a  has cons iderab le  p r a c t i c a l  
u t i l i t y  because i n  most seed orchards t h e r e  a r e  f a r  
t o o  many f a m i l i e s  (upwards of 50) t o  a l low t e s t i n g  
of a l l  t h e  binary combinations a t  j u s t  t h r e e  mixing 
propor t ions  ( t h e r e  a r e  3,825 such mixing 
combinations wi th  50 f a m i l i e s ) .  



Another c e n t r a l  i s s u e  is  whether o r  n o t  each 
fami ly  i n  t h e  mix c o n t r i b u t e s  i n  t h e  expected 
propor t ion  toward t h e  t o t a l  volume. I f  two 
f a m i l i e s  a r e  mixed i n  t h e  p l a n t i n g  r a t i o  of 1:1, 
then each w i l l  c o n t r i b u t e  e q u a l l y  t o  t h e  f i n a l  
volume of t h e  mixed s t a n d  u n l e s s  one family has 
some s o r t  of competi t ive advantage over t h e  o ther .  
Wllley and Rao (1981) developed a q u a n t i t a t i v e  
measure of t h e  r e l a t i v e  "competiveness" of one 
family towards another  i n  binary mixes, which they 
c a l l e d  t h e  competi t ion r a t i o .  It i s  def ined  as :  

where : 

CRij = competi t ive r a t i o  of family i wi th  
respec t  t o  family j when family i 
i s  p lan ted  i n  p ropor t ion  Z i j  and 
family j i n  p ropor t ion  Z j i .  

and a l l  o t h e r  terms a r e  p rev ious ly  defined.  

Values of CRij above 1 i n d i c a t e  t h a t  fami ly  i 
has a competi t ive advantage over family j. Values 
of CRij equa l  t o  1 i n d i c a t e  no competi t ive 
advantage and C r i j  l e s s  than 1 i n d i c a t e  a 
competi t ive disadvantage. Note a l s o  t h a t  t h e  
r e c i p r o c a l  of CRij  i s  CRji. 

RESULTS AND DISCUSSION 

The average volumes f o r  t h e  5 pure s t a n d s  and 
t h e i r  30 mixing combinations a r e  given i n  Table 1. 

Table 1.--Average volumes per  a c r e  f o r  pure 
family and mixed s t a n d s  a f t e r  25 years .  

NON-RECUMNT FAMILY 

RECURRENT RATIO 1 2 3 4 5 

FAMILY - - - - - - 
1:3 5967 5676 5619 4978 

1 1 : l  5863 5924 5693 5737 5033 
3 : l  5955 5705 5670 5468 

The f i r s t  ques t ion  t h a t  a r i s e s  when i n s p e c t i n g  
t h e s e  r e s u l t s  is whether o r  no t  t h e  o f f  d iagona l  
e n t r i e s  (mixed s t a n d s )  can be pred ic ted  u s i n g  t h e  
d iagona l  e n t r i e s  (pure family s t a n d s ) .  Formula 
9 of t h e  preceeding s e c t i o n  is  designed fo r  thls 
purpose. 

Although t h e  model looks formidable,  i t  is 
very s imple t o  apply. For example, t h e  volume of 
t h e  1:3 mix of Family 2 wi th  Family 5 i n  Table 1 i s  
5,062 cubic  f e e t  per  a c r e ,  and t h e  expected volume 
per  a c r e  f o r  t h i s  mix under t h e  assumption of 
a d d i t i v i t y  is: 

V2+5 = 0.25(5,790) + 0.75(4,680) 
= 1,447.5 + 3,510 
= 4,957.5 cub ic  f e e t  

The d e v i a t i o n  from a d d i t i v i t y  ( i . e .  Vi+j -Vi+j) 
f o r  t h i s  case  i s  -104.5 cub ic  f e e t .  The average 
d e v i a t i o n  f o r  t h e  30 combinations i n  Table 1 i s  
-18.63 cubic  f e e t  wi th  a s tandard  d e v i a t i o n  of 
96.52 cubic  f e e t  and a maximum d e v i a t i o n  of 270 
cubic  f e e t .  The Family 1 by Family 2 mixes 
c o n s i s t e n t l y  produced more volume than expected,  
whereas t h e  Family 1 by Family 5 mix produced l e s s  
than  expected. Overa l l ,  though, t h e  a d d i t i v e  model 
f i t s  q u i t e  w e l l ,  wi th  an ~2 f o r  p r e d i c t i o n  of 0.91. 

At l e a s t  f o r  t h e s e  r e s u l t s ,  then,  a l l  t h e  mixed 
s t a n d  y i e l d s  could be pred ic ted  w i t h i n  t h e  
i n d i c a t e d  e r r o r  r a t e  u s i n g  on ly  t h e  s i n g l e  fami ly  
y i e l d s .  Moreover, t h e  y i e l d  of any binary mix i n  
any propor t ion  could be p r e d i c t e d  wi th  t h i s  model 
under t h e  assumption t h a t  a d d i t i v i t y  holds. 
F i n a l l y ,  t h e  y i e l d  of mixes involv ing  more than  2 
f a m i l i e s  i n  any propor t ion  could a l s o  be p r e d i c t e d  
under t h e  same assumption. Such ex tens ions  of t h e  
a d d i t i v e  model would n e c e s s a r i l y  r e q u i r e  l a r g e  
amounts of empi r ica l  evidence. 

Another i n t e r e s t i n g  ques t ion  i s  whether o r  n o t  
each family con t r ibu ted  a s  expected t o  t h e  t o t a l  
volume of t h e  mixed s tand.  Using equat ion 9 and 
t h e  above example, t h e  expected c o n t r i b u t i o n  of 
Family 2 and Family 5 t o  t h e  t o t a l  volume of t h e  
n ixed  s t a n d  ( i . e . ,  V25 and V52) i s  1,447.5 and 
3,510 cubic  f e e t ,  r e s p e c t i v e l y .  The a c t u a l  
c o n t r i b u t i o n  was 2,038 and 3,024 r e s p e c t i v e l y ,  
i n d i c a t i n g  t h a t  i n  t h i s  p a r t i c u l a r  mix, Family 2 
f a r e d  much b e t t e r  than expected and Family 5 much 
worse than expected. This outcome might be 
expected,  cons ider ing  t h e  very l a r g e  d i f f e r e n c e  i n  
s i t e  index p o t e n t i a l  between t h e s e  two f a m i l i e s .  

Applying equa t ion  10 t o  a s s e s s  t h e  compet i t ive  
advantage of Family 2 versus  Family 5 y i e l d s :  



which i n d i c a t e s  t h a t  Family 2 is indeed express ing  
a  high degree of compet i t ive  advantage over  Family 
5. 

The competi t ive r a t i o s  f o r  a l l  t h e  s imula ted  
s t a n d s  is  given i n  Table 2. Family 5 i s  c l e a r l y  a t  
a  competi t ive disadvantage when mixed wi th  any 
o t h e r  family i n  t h e  s e t ,  e s p e c i a l l y  Family 2. The 
competi t ive advantage of Family 2 over  Family 5 is 
expressed most s t r o n g l y  i n  t h e  mixes where Family 5 
i s  c o n t r i b u t i n g  l e s s  than  50 percent  of t h e  t r e e s  
-- t h e  CR25 values a r e  1.63, 1.43, and 1.27 f o r  
1:3, 1:1, and 3 : l  mix tures  of Family 2 wi th  Family 
5. This  i s  apparen t ly  due t o  t h e  t r e e s  from t h e  
more competi t ive Family 2 competing a g a i n s t  one 
another  more o f t e n  a s  t h e  mixing propor t ion  is  
increased.  This t r e n d  i n  competi t ion r a t i o s ,  
however, is not c o n s i s t e n t  f o r  mixtures  involv ing  
f a m i l i e s  o t h e r  than Family 5. 

Table 2.--Competition r a t i o s  f o r  components of 
mixed s tands  a f t e r  25 years .  

NON-RECURRENT FAMILY 

RECURRENT RATIO 1 2 3 4 5 

FAMILY - - - - - - 
1 :3 0.83 1.04 1.11 1-23  

1 1:l 1.00 0.93 0.99 0-98 1.31 
3 : l  0.74 1.01 0.84 1.15 

Those s tands  r e p r e s e n t i n g  a  mixture wherein one 
family has a  s t r o n g  compet i t ive  advantage over  
ano ther  might be expected t o  e x h i b i t  l a r g e  s i z e  
d i f f e r e n c e s  between t r e e s  from the  two f a m i l i e s .  
One way t o  quant i fy  such a  comparison is  t o  compute 
a  r a t i o  of t h e  average volumes per  t r e e  f o r  each 
family i n  t h e  mix, a s  shown i n  Table 3, These 
r a t i o s  i l l u s t r a t e  t h e  marked s i z e  d i f f e r e n t i a l  
brought about by t h e  d i f f e r e n c e s  i n  growth 
p o t e n t i a l  wi th in  a  mixed s tand ,  I n  t h e  1:3 mix of 
Family 2 wi th  Family 5 f o r  example, t h e  s u r v i v i n g  
t r e e s  of Family 2 were almost twice a s  l a r g e  i n  
terms of i n d i v i d u a l  t r e e  volumes a s  those  from 
Family 5. 

Table 3.--Relative s i z e  of t r e e s  from each fami ly  
i n  mixed s t a n d s  a f t e r  25 years .  

NOH-RE CURRENT FAP?ILV 

RECURRENT RATIO 1 2 3 4 5 
FAMILY 

1 :3 
-.- 

- - 
0.89 1.01 1.11 1.45 

1 1 : l  1.00 1.00 1.06 1.08 1.57 
3 : l  0.89 1.12 0.97 1.50 

3/ r e l a t i v e  s i z e  i s  expressed a s  a r a t i o  of t h e  
average volume per  t r e e  of t h e  r e c u r r e n t  fami ly  
d iv ided  by t h e  average volume per  t r e e  of t h e  
non-recurrent family i n  t h e  i n d i c a t e d  mix. 

CONCLUSIONS 

There can be s e v e r a l  impl ica t ions  of t h e s e  
r e s u l t s  i f  they a r e  e v e n t u a l l y  v e r i f i e d  by f i e l d  
experiments and more s imula t ions .  F i r s t ,  mixing 
would seem t o  o f f e r  l i t t l e  b e n e f i t  i n  terms of 
i n c r e a s i n g  t o t a l  volume product ion on a  s i t e  over  
and above t h a t  of t h e  b e s t  component family. This  
r e s u l t  i s  i n t u i t i v e l y  appea l ing  and matches t h a t  of 
most crop mixing experiments where t h e  a d d i t i v e  
model seems t o  be widely app l icab le .  

Second, t h e r e  could be b e n e f i c l a l  e f f e c t s  of 
mixing when t h e  c o n t r o l  of i n d i v i d u a l  t r e e  s i z e  
w i t h i n  t h e  s t a n d  i s  important ,  such a s  i n  t h e  
product ion of merchantable sawlogs o r  poles .  For 
example, mixtures  such a s  Family 2 wi th  Family 5 i n  
t h i s  s imula t ion  appear t o  r e s u l t  i n  a  s t a n d  i n  
which t r e e s  from t h e  f a s t e r  growing family (2) 
b e n e f i t  from a low l e v e l  of competi t ion from the 
slower growing family ( 5 ) ,  much a s  they would i f  
p lan ted  a t  lower d e n s i t i e s .  However, u n l i k e  low 
d e n s i t y  s t a n d s ,  t h e  t o t a l  volume i s  q u i t e  h igh  
because t h e  i n f e r i o r  family s t i l l  c o n t r i b u t e s  a 
s i g n i f i c a n t  p ropor t ion  t o  t h e  t o t a l  volume produced 
on t h e  s i t e .  Hence t r e e s  from t h e  i n f e r i o r  fami ly  
se rve  both a s  " t r a i n e r s "  f o r  t h e  f a s t  growing 
family and a l s o  c o n t r i b u t e  toward t h e  f i n a l  volume. 



Third,  t h e  marked e f f e c t  of mixing on 
i n d i v i d u a l  t r e e  s i z e  sugges t s  t h a t  row p l o t  progeny 
t e s t s ,  which a r e  simply multi-family mixes wi th  
s p a t i a l  r e s t r i c t i o n s ,  may produce b iased  e s t i m a t e s  
of t h e  t r u e  y i e l d  p o t e n t i a l  of a  given family when 
p lan ted  e i t h e r  by i t s e l f  o r  i n  d i f f e r e n t  
combinations i n  a  mix, For example, i n  t h e  1:3 mix 
of Family 2 wi th  Family 5 ,  t h e  t r e e s  from Family 2 
i n  t h e  mixed s t a n d  produced 87 percent  more volume 
per  t r e e  on an average than  those  from Family 5. 
However, i n  pure family s t a n d s  t h e  t o t a l  volume per  
a c r e  of Famlly 2 and Family 5 averaged 5,790 and 
4,680 cubic  f e e t  r e s p e c t i v e l y  -- a d i f f e r e n c e  of 
only 24 percen t ,  

Fu ture  work I n  t h i s  a r e a  is  needed i n  o rder  t o  
i n c o r p o r a t e  o t h e r  important family a t t r i b u t e s  such 
a s  response t o  competi t ion and d i s e a s e  r e s i s t a n c e  
i n t o  t h e  s imula tor .  Competitive i n t e r a c t i o n s  
between f a m i l i e s  could have dramatic  e f f e c t s  on t h e  
performance of mixed s t a n d s  and should be 
considered i n  more d e t a i l .  

Likewise, t h e  r i s k  from d i s e a s e s  and p e s t s  is 
o f t e n  a  major f a c t o r  i n  f o r e s t  management and t h e  
e f f e c t  of mixing both on t h e  r i s k  t o  d i s e a s e s  and 
p e s t s  and t h e  subsequent y i e l d  l o s s e s  a f t e r  
i n f e c t i o n  o r  i n f e s t a t i o n  should be considered. 
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PINE STAMDS IN THE SOUTH CAROLINA  PIEDMONT^ 
James E. Douglass, David H. Van Lear, and Carmen ~ a l v e r d a  

Abstract.-Four small pine-covered watersheds i n  the 
South Carolina Piedmont were prescribe-burned i n  September 
1979 and clearcut 3 months l a t e r .  During the next 20 months, 
highly significant increases i n  peak discharge and stormflow 
volume occurred on three of the watersheds. Relative in- 
creases as determined by the paired watershed approach were 
greater than those reported for  larger watersheds. The 
changes were smaller than those t o  be expected from mechani- 
ca l  s i t e  preparation a f t e r  clearcutting, however. Time t o  
peaking and duration of stormflow were not s ignif icant ly  
affected by burning and clearcutting. 

INTRODUCTION 

Heavy equipment is  often used t o  prepare 
harvested s i t e s  fo r  regeneration of pine i n  the 
South. Such treatment often compacts s o i l  and 
greatly increases s o i l  erosion (~ouglass  and 
Goodwin 1980, Ursic and Douglass 1978). Pre- 
scribed burning t o  prepare seedbeds for  natural 
seeding i s  an alternative tha t  may be l e s s  damag- 
ing than mechanical methods. In  1976, a study 
was begun i n  the South Carolina Piedmont t o  
evaluate the s i lv icu l tu ra l  potential  and hydro- 
logical  impacts of low-intensity prescribed 
burning followed by natural regeneration of lob- 
l o l l y  pine (Pinus taeda L. ) as  an alternative t o  
mechanical s i t e  preparation and a r t i f i c i a l  regen- 
eration. Neither runoff, sediment concentration, 
nor sediment export was s ignif icant ly  affected by 
the f i r s t  two prescribed b m s  (Douglass and Van 
Lear In  Press). After the third burn, the stand 
was regenerated by clearcutting with seed i n  
place. Van Lear e t  a l .  ( t h i s  conference) have 
discussed the s i lv icu l tu ra l  effects  of these 
treatments. In t h i s  paper, we review the storm- 
flow ef fec t  of the th i rd  prescribed burn 
followed closely by clearcutting. 

Paper presented a t  Southern Si lvicul tural  
Research Conference, Atlanta, Georgia, 
November 4-5, 1982. 

Principal Hydrologist, USDA Forest 
Service, Southeastern Forest Experiment Station, 
Coweeta Hydrologic Laboratory, Route 1,  Box 216, 
Otto, N. C . 28763; Professor, Department of 
Forestry, Clemson University, Clemson, S.C. 
29631 ; Forester, Ministry of Agriculture, Forest 
Division, San Jose, Costa Rica. 

METHODS AND SITE DESCRIPTION 

Control and treatment watersheds were 
replicated a t  four locations on the Cleinson 
Forest i n  a randomized complete block design. 
T h i s  arrangement also allows responses a t  each 
location t o  be examined by the paired watershed 
approach. 

The watersheds are  on uplands and range 
from 1 t o  about 5.3 acres i n  s ize  (Table 1 ) .  
A l l  were i n  row crops prior to  establishment of 
loblolly pine plantations nearly 4.0 years ago. 
Soils are  Typic Hapludults. They are well 
drained and highly weathered so i l s  derived from 
granite and gneiss. Much of the original surface 
layer was washed away during decades of row 
cropping. Typically, the surface s o i l  of upper 
slopes is  a sandy loam plow layer of variable 
depth overlaying a slowly permeable, clay B 
horizon. Because of differences i n  the conser- 
vation practices applied and erosion during the 
agricultural period, the physical conditions of 
the watersheds are quite variable. Some s t i l l  
have recognizable terraces with l i t t l e  vis ible  
sign of erosion and short channels. Others have 
extensive ephemeral channel systems formed by 
inactive gul l ies  remaining a f t e r  farming. Upper 
slopes showed leas t  signs of past erosion, where- 
as middle and lower slopes were more severely 
eroded. 

Air temperature of the s i t e s  ranges from a 
mean of 38O F i n  January t o  80° F i n  July. 
Annual r a i n f a l l  i n  the Clemson area averages 
51 inches and is well distributed throughout the 
year. Thirty percent of the r a in f a l l  occurs i n  
winter, and runoff is normally greatest i n  tha t  



Table 1 .--Characteristics of study watershedsu 

Length of uninterrupted 
Water shed Size Slope 

charnel above flume 
S o i l  s e r i e s  

Basal area of  

lob lo l ly  pine 

Cecil, 3kdison 

Paeolet, Hadison 

Pacolet 

Pacolet 

Pacole t 

Pacolet 

Cecil ,  Ikdison 

b d i s o n  

Ilf A l l  plantations were 36 years old a t  t h e  beginning of the  study except Ffatersheds 61 and 62 
which were 37 years old. Vatersheds 63 and 68 had previously been thinried one or  more times. 

season. Because the study watersheds a r e  small 
upland drainages, a l l  flow occurs only during 
and f o r  a shor t  time a f t e r  subs tan t i a l  r a i n  
storms. 

Runoff from each watershed was measured 
with a 1-foot B-flume attached t o  a plywood cut- 
off  wall  embedded i n  the gul ly  channel. Flow 
was recorded by an analog-to-digital punch tape 
recorder. Flow volumes i n  cubic f eet/second/ 
square mile (csm) were calculated by the proce- 
dures described by Wibbert arid C u i n g h m  (1967). 

Watershed ca l ibra t ion began i n  June 1976. 
The f i r s t  prescribed burn was on March 11, 1977, 
3 days a f t e r  a cold f r o n t  delivered about 0.8 
inch of r a in .  A i r  temperatwe was about 500 F, 

d i t y  varied from 35 t o  50 percent, 
and windspeed rmged from 5 t o  10 miles per hour. 
The burning technique was t o  backfire along Lfie 
upper r idge and then i g n i t e  s t r i p  headfires a t  
about 30-foot in t e rva l s .  Busning in t ens i ty  
varied considerably mong watersheds, but each 
watershed was burned e n t i r e l y ,  Flame heights 
averaged about 1 foo t  on Watershed 68 and about 
3 f e e t  on Vatersheds 64 and 65 ,  the f a s t  two 
burned, The second burn was on September 20, 
1978, about 2 weeks a f t e r  a r a i n ,  The same 
burning tecknique was wed but; f i r e s  were l e s s  
in tense  because Less f u e l  was avai lable .  A i r  
temperature ranged from 780 t o  900 F, r e l a t i v e  
humidity varied from 38 t o  50 percent, and wind- 
speed was about 10 miles per hour. The t h i r d  
burn was on September 12, L979, t o  prepare a 
seedbed p r io r  t o  harvest  of t b b e r ,  Relative 

d i t y  ranged between 55 and 60 p r c e n t )  

temperature was i n  the 8 0 f s ,  and a 10 mile per 
how breeze famed flaroes t o  an average height 
of 1 foot .  Overall, i t  was the coolest  of the  
three burns. 

P r io r  t o  bwning,  l i t t e r  weight on the 
watersheds was about 11 tons per acre .  The 
f i r s t  burn consmed the  most l i t t e r  and the 
t h i r d  burn the l e a s t .  After the  th i rd  burn, 
7-& tons per acre of protec t ive  l i t t e r  remined.  

Timber harvest  began i n  December 1979 and 
ended i n  mid-Jmuary 1980. During logging, 
care was exercised t o  prevent unnecessary daniage 
t o  the  s o i l  and l i t t e r .  Logs M e r e  skidded up- 
h i l l  t o  a landing and loaded on trucks. Log- 
ging s l a sh  was l e f t  i n  place on Vatersheds 41, 
66, and 68. On Watershed 64, s l a sh  was bladed 
off  the  watershed with a bulldozer t o  simulate 
whole-tree harvesting. This treatment approxi- 
mately doubled the  exposwe of mineral s o i l  on 
the watershed. 

Previous analyses indicated no s ign i f i can t  
e f f e c t  of the f i r s t  two  prescribed burns on 
water y i e ld  or stomflow ( ~ o u g l a s s  m d  Van Lear 
En Press) . Therefore, flaw data fo r  the ca l i -  
bra t ion period and the  f i r s t  three b u n s  (June 
1976 until Decexbrsr 1979) were conibined f o r  
kaatershed pa i r s  61-62, 63-64, and 65-66. Kow- 
ever, Matershed 68 experienced an outbreak of 
the southern pine beet le   endro roc tonus f r o n t a l i s  
Zim. ) a f t e r  the  f i r s t  burn and by October 1978, 
20 percent of the pine basal  area  was dead, 
Most of the  morta l i ty  o c c u r e d  along the 
ephemeral channel i n  the lower portion o f  the  



waters he^, The caliSraGion period f o r  tkis 
watershed pa i r  was from June 1976 October 
1978. The treatment period was the  25 months 
from February 1980 through October 1981. 

The e a r l i e r  curalysis revealed large  d i f -  
ferences i n  r m o f f  vo lmes  between locat ions .  
Because the  paired watershed method provides 
greater  precision i n  comparing treatment e f f e c t s ,  
it was used to determine e f f e c t s  of treatment 
(Eewle t t  et ale 1969). Treatnent i s  defined a s  
the combined effect of the t h i r d  burn m d  clear-  
cutting. Mith the paired watershed method, the 
eha rae te s i s t i c  of i n t e r e s t  f o r  the ca l ib ra t ion  
period on the watershed t o  be t rea ted  i s  re- 
gressed agains t  the  s m e  cha rac te r i s t i c  on the 
control  watershed. After ca l ibra t ion,  the 
difference between the observed value and the  
value predicted f o r  the  treatment watershed 
w i n g  the ca l ibra t ion regression i s  taken a s  the 
treatment e f f e c t ,  

The technique of Bibbert and Cmingham 
(1967) was used t o  divide the storm hydrograph 
i n t o  parameters f o r  t e s t i n g  (Figure 1 ) .  Total  
runoff i s  separated i n t o  severa l  hydrograph 
gararaeters and t o t a l  flow i s  divided i n t o  base- 
flow and stormflow volume. The flow parameters 
emmined in t h i s  study were: 

TIME IN HOURS 

Figure 1,--Schematic representation of the 
computer separation of the  storm hydrograph 
Lnto parameters susceptible t o  s t a t i s t i c a l  
ma lpses  . 

&P peak r a t e  of runoff 
DISCUSSION 

$i flow r a t e  of the  beginning of the  
off  event 

"1 volme of storm runoff before the peak 

V2 vckme of storm runoff a f t e r  the  peak 

v1 f vz t o t a l  volume of s t o m  runoff 

TP Lime t o  peak, the  time i n  hours from 
the beginning of storm runoff t o  
peak r m o f f  

R recession time, &be time i n  hours 
from the  peak runoff r a t e  t o  t h e  
in t e r sec t ion  of the separation l i n e  
a d  the  hydrograph recession l i n e  

D time i n  hours from the beginning of 
runoff u n t i l  the time of in t e r -  
seekion of the  recession hydrograph 
and the  sepwat ion l i n e .  

Storm e v ~ e n t s  were selected f o r  a m l y s i s  i f  
both watersheds had ddmm flows of 10 csm md 
single peak hydrographs . 

S t a t i s t i c a l  s i e i f i c a n c e  was deterlnined by 
the procedure described b4- Q j a r a t i  (1970) and 
SwindeL (1970) of t e s t ing  the equsllity of s e t s  
of l i n e a r  regression coeff ic ients .  The treatment 
period i s  handled as a variable,  and the  
differences &tween pretreatment a d  post- 
treatment slopes and in tercepts  are  t e s t ed  using 
the F s t a t i s t i c .  

Ea r l i e r  f indings on these watersheds indi -  
cated tha t ,  although the f i r s t  two prescribed 
burns did not s i ~ i f i c a n t l y  a f f e c t  storm runoff,  
ia rge  var ia t ion  i n  r m o f f  d id  occur between some 
watershed pa i r s  and between some locations 
(Douglass and Van Lear i n  Press) . Greatest 
var ia t ion  was between the Watersheds 61-62 pa i r .  
Treated Vatershed 61 had a large  stone t e r r ace  
o r  check dam about 75 f e e t  upstream from the  
f l m e .  Several cubic yards of sandy loam col- 
l u v i a l  mater ia l  were deposited behind this 
erosion control  s t ruc tu re  and provided appre- 
ciably- more storage than was avai lable  on 
IJatershed 62. Frequently, small s t o m s  would 
produce r m o f f  from Matesshed 02 but none frorn 
Watershed 61. Daring large  storms, flow from 
Watershed 61, because of the enlarged storage 
capacity, would contin-rae f o r  a longer period than 
would flow from Matershed 62. These f ac to r s  
cstused poor comePation between storm hydrograph 
pa rmete r s  f o r  Watersheds 61 and 62, and only 
four  events were avai lable  f o r  inclusion i n  the  
treatment period (Fi  2 )  , n e r e f o r e ,  t h i s  
wakershed p a i r  was exeluded from the  complete 
a n a l ~ ~ s i  s , 

Length of  the ephemeral channel network a l s o  
d i f fered  witkin watershed pa i r s  and between 
locations.  The average f r ac t ion  of r a i n f a l l  t h a t  
b e c a e  streamflow increased with length of unin- 
terrupted charnel on Lbe e igh t  watersheds during 
the ca l ibra t ion period and varied Eron about 5 t o  
I?  percent,  A regression of the  f r ac t ion  of r a i n  
t h a t  became s t r e a d l o w  agains t  the  length of unin- 
terrupted charnel had an r of 0.86. 



PEAK I: 

Figure 2.--Peak discharge in csm during the cal ibrat ion ( . )  snd treatment (x) periods for the four pairs 
of wa"i;rsheds- 

bsults from the stsrdlow anal-~sis for this size because there is no Slow at the 
treated Vadersheds 64, 66, and 68 were consis- beginning of most storas. There was no increase 
tent except for the initial flow rate, which is in initial Plow rate due to treatment on 
the f low at the begiming of the stom. This Vatersheds 64 and 66 ;end "che increase on gater- 
parameter has l i t t l e  meaning for watersbeds of shed 6g was barely sisifieml at the 0.35 Level 



Tine t o  peak and flow dusation were unaf- 
fec ted  by t r ea tnen t ,  Bwning c learcut l ing  
signi. ficarztly increased peal; flow, stormflow 
volme &fore %he peak, slormh'low vo1lune after 
the peak, and t o t a l  stormflow rrolme a t  t he  
0.01 Level (Table 2). 

Table 2,--Effects of prescribed burning followed 
by h a r v s s t b g  tilnber $ c l e a r e u t t k g  on 9 increasing s t o M l s w  

S to rd low parame t e s  

I n i t i a l  flow r a t e  NS NS 31. 

Peak flow r a t e  wt s* %+ 

Time t o  peak NS S RS 

Storm dwat ion  MS NS NS 

StorBLflow vollme before peak ** -w X" ** 

Stormflow volme a f t e r  peak ** %. +t 3s x 

Total stormflow volme 3~ * # 4~ 

HS = n o n s i ~ i f i c a n t ;  
*+ = i s  a s i q i f i c a n t  increase a t  t h e  

0-65 Level; a d  
s* = i s  a s i q i f i c m t  increase a t  the 

0.01 l eve l .  

The ca l ib ra t ion  and treatment regression 
l i n e s  f o r  pet&. flow f o r  the  four pa i r s  of water- 
sheds are  shown i n  Pig1w-e 2.  A s  p redous ly  
noted, only four observations were avai lable  f o r  
Watersheds 61 sad 62 during the treatment period 
and these were Judged insu f f i c i en t  f o r  va l id  
s t a t i s t i c a l  t e s t s  on t h i s  watershed pa i r ,  The 
increase i n  peak flow due t o  treatment as a 
percentage of' pretreatment peaks was grea tes t  on 
Matershed 64, Note, however, t h a t  absolute dis-  
charges were greater  before and a f t e r  treatment 
on Watersheds 66 and 68. 

The effects of the tinird prescribed burn md 
clearcut t ing  on the mean stom hydrograph are  
i l l u s t r a t e d  f o r  the three  watersheds i n  Figure 3. 
Because the  scale i s  the s m e ,  r e l a t i v e  d i f -  
ferences i n  storm kfd-rograpbs &%ween the  pa i r s  
of watersheds can be judged visttaLLy. Water- 
shed 64 obviomly responds to prec ip i t a t ion  d i f -  
f e ren t ly  from Makersheds 66 and 68, both before 
and after "creat.men%, Peaks a re  sozaller, time do 
peak i s  greater ,  and the dusation of stsrmf:'low i s  
75 percent longer than on Wahrsheds 66 a d  68. 
';he average storm hydrograph f o r  Vatershed 44 
(Figure 3a) is indicat ive  of' a s t ab le  watershed 
where most precipi ta t ion  i n f i l t r a t e s  and slowly 

drains f ro= the watershed, Surface s o i l  o f  
Watershed C7i, i s  deeper arrd more porous than t h a t  
of Vatersheda 66 and 68, Therefore moistwe 
storage is  greater, leading to smaller peaks m d  
more prolmged flaw, Treatment increased the  
average peak discharge over 150 percent and 
apprcximately doubled s-i;ormsPlow volmes on Wakr- 
shed 44, about three t ines the gereenzage in- 
crease on Watersheds 66 and 68, This Large 
increase mag have been caused by the greater site 
disturbmce when the logging slash was bulldozed 
o f f  this watershed t o  simulate whole-tree 
harvesting, Mineral s o i l  was exposed on about 
50 percent of  Watershed 64. compared t o  only 20 
Lo 25 percent on Platersheds 66 and 68, &posing 
d n e r a l  s o i l  on 56 percent of the area during 
mechanical s i t e  preparation has been shsm Lo 
greatly- increase storm rumoff i n  the Piedglont 
(DcugSass and Goodwin 1980) and Coastal Plain 
(~easley- L979) . 

Peaks for the mean storm on Vatersheds 66 
and 68 were increased by 55 t o  SO percent 
(Figure 3b axid e ) ,  The percentage increase i n  
peaks after treatment ms less fo r  these water- 
sheds than f o r  Iqatershed 64, but the pretreatment 
peaks were about 7 times greater ;  thus, i n i t i a l l y  
they were much more responsive Lo r a i n f a l l ,  The 
greater responsive~ess i s  a t t r ibu ted  t o  the 
general hydrologic cha rac te r i s t i c s  of eroded 
Piednont s o i l s  and tke greater  d issect ion of 
bJatsrsheds 66 and 68, 24d7p,ically9 former agr i -  
cu l tu ra l  s o i l s  have a permeable smdy loam t o  
loam resid-ml plow E q w r  Ghat i s  l im i t ed  i n  
moistwe storage capacity,  A dense, slowly 
permeable B horizon l i e s  beneath the  plow layer  
and severely restricts v e r t i c a l  drainage (Hoover 
1950). Because r a t e s  of  r a i n f a l l  often exceed 
the percolation r a t e  02 the  B horizon, the  plow 
layer  becomes par t ly  o r  completely sadwated.  
On sloping land) the predominate flow path of 
water i s  domslope a t  the top o f  the  B horizon, 
3&-ere past erosion has exposed the  B horizon and 
intersupts subsw%aee flow, f r e e  water en te r s  
the  ephemeral drainage, The denser the charnel 
or gully network, the shor ter  the subsurface flow 
path and the more sapid the storm m o f f .  

Because ear l ie r  analyses h d i e a t e d  no sig- 
nificant direct e f f e c t  of prescribed bwning on 
water yield,  we suggest t h a t  i t  i s  w l ike ly  t h a t  
the t h i r d  burning s i g n i f i c m t 1 3 ~  affected storm- 
flow characteristics, Kore likely, t r eadmnt  
effects  resulted from the harvest and removal of 
timber Prom the  site, A modest increase i n  both 
peak flow ra"ies md ?jolmes o f  stormflow is 
normal i n  the dpplachians  when the  f o r e s t  is  
clearcut md felled trees are left i n  place 
[Hewlett and Helvey ~970), blhen felled trees a r e  
skidded, the increases are usually l a rge r  
(~ouglass and Swa& 1976, Swank eL al, In Press,  
Lynch 1969, Reinhart e-t ai, 1963), The size of 
the effect  depends on the care exercised drzring 
road e o n s t r ~ c t i o n  and skidding operations. 
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.gure 3.--Graphic representation of the average 
storm hydrographs for  the calibration and 
treatment periods for  Watersheds 64, 66, and 
68. The shaded area indicates the change 
associated with the prescribed burn-clearcut 
treatment. 

In general responses t o  the burning and 
clearcutting treatment are much l e s s  than re- 
sponses t o  mechanical s i t e  preparation practices 
i n  the Piedmont (~oug l a s s  and Goodwin 1980) and 
steep Coastal Plain watersheds (Beasley 1979). 
Mechanical treatments have increased stormflow 
volumes 3- t o  18-fold, depending on the partic- 
ular  practice involved. 

Interpretation of our data i n  re la t ion t o  
the larger  bulk of the l i t e ra ture  on timber 
harvest i s  d i f f i cu l t  because of the uncer- 
tant ies  associated with watershed s ize .  
Magnitude of increases i n  both peak rates  and 
stormflow volumes on our small Piedmont water- 
sheds exceeded by a factor  of 2 or  more the 
responses observed on larger  Appalachian water- 
sheds and on a larger Piedmont watershed which 
was roaded, clearcut, r o l l e r  chopped, and 
planted (Hewlett 1979). Our watersheds are 7 t o  
5 acres i n  s ize ,  as  are most watersheds on which 
s i t e  preparation responses have been measured. 
Most past studies of harvesting effects ,  how- 
ever, have been on watersheds covering from 30 
t o  over 300 acres. Differences i n  basin 
hydrolorn and possibly watershed s ize  influence 
the response. Nost studies on larger watersheds 
measure, or are  assumed t o  measure, t o t a l  flow, 
whereas only quick return subsurface and over- 
land flow were measured i n  our study. The 
greater storage potential  of large watersheds 
nay explain, a t  l e a s t  i n  par t ,  the difference 
i n  hydrology of small versus large basins. 

TIME IN HOURS 

b 

TIME IN HOURS 

c 

Although there may be uncertainties as t o  
whether resu l t s  from very small md larger water- 
sheds are  direct ly  comparable, clearly s to rd low 
was s ignif icant ly  increased by the treatment 
applied. From past eqer ience,  we would expect 
higher peaks and greater stomflow volmes from 
clearcutting the watershed, and we would expect 
the magnitude of the response t o  be proportional 
t o  the degree of s i t e  disturbance. Thus, find- 
ings from our watersheds are consistent with 
findings from other cutting experiments. 



Ve conclude tha t  the effects  on peak flow 
and stomflow volme of prescribed burning f o r  
seedbed preparation followed by clearcutting 
with seed i n  place were auch less  severe than 
effects  reported fo r  mechanical methods of s i t e  
preparation. A review of agricultural his tory 
of the Piedrnont c lear ly  indicates the sen- 
s i t i v i t y  of these so i l s .  It appears only 
pmdent t o  recognize t h i s  sensi t ivi ty  and t o  
carefully weigh the impact of operations on the 
hflrologic fwctioning of these lands. Hydro- 
logically,  s i l9icul tural ly ,  and economically, 
%he method proved t o  be a viable and desirable 
regeneration technique i n  t h i s  study. 
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SEDIMENT LOSSES FROM FOREST PRACTICES 

R. Scott Beasley and Alfredo B. Granillo 2 

ABSTRACT. -- During the first year after clearcutting and 
intensive mechanical site preparation, mean annual storm- 
flows and sediment losses were significantly higher than 
levels measured on watersheds which were selectively bar- 
vested or left undisturbed. Results are compared with data 
reported for other locations in the South, and water quality 
implications are discussed. 

INTRODUCTION 

Much of the southern pine range on the Gulf 
Coastal Plain consists of relatively flat terrain 
(slope gradients of 0-3 percent). These sites 
generally have high site indices for pine 
especially if drainage is not excessively poor 
(Coile 1952, Zabner 1957, Sarrett 1942), Because 
of its high productivity, the region has excellent 
potential for supplying a large share of the 
nation's growing demand for wood products. The 
forest acreage owned by private companies in the 
South is already under intensive management. As 
the profitability of growing trees increases many 
non-industrial private landowners may also be 
encouraged to opt for more intensive management on 
their forests which collectively account for about 
72% of forest acreage in the South (U.S.D.A. 
1978). 

management on gentle slopes. Now, more than 
ever, forest managers need accurate information 
for a wide range of site conditions to maintain 
site productivity and protect water quality. 
This study contrasts soil losses from a series 
of forested watersheds on relatively flat 
terrain that were either: (1) clearcut, site 
prepared, and replanted to pine, (2)  selectively 
harvested to achieve an uneven-aged pine stand, 
or (3) left undisturbed to serve as controls. 
Data are presented for the first full water-year 
(WY 1982: July 1, 1981-June 30, 1982) after the 
s ilvicultural treatments were begun. 

METHODS 

The watersheds are located on the Gulf 
Coastal Plain of southeastern Arkansas near 
Monticello, Drew County. Six watersheds (Ten 
Mile Creek site) are on property owned by the 
Georgia-Pacific Corporation and three watersheds 
(Wungerrun Creek site) are located on land omed 
by the International Paper Company. A11 
watersheds in each group are within a 1 / 4  mile 
radius. The two groups of watersheds are 
approximately six miles apart, 

As the level of management intensifies the 
potential for erosion and stream sedimentation 
increases. Historically priority has been given 
to evaluating the water quality effect of 
silvicultural treatments on sloping terrain where 
the velocity and sediment carrying power of storm 
runoff are greater. Little attention has been 
given to the water quality impacts of intensive 

Prior to treatment the overstory vegetation 
at the Ten Mile Creek area had a higher 
proportion of hardwoods than the Hungerrun site, 

1 Paper presented at Southern Silvicultural mite oaks (Quercus afba L, and q_L_ steffata 
Research Conference, Atlanta, Georgia, Movember Wangenh.), southern red oak ( 
4-5,  1982, Nichx.) , sweetgun ( 

2 Associate Professor and Research and hickories (Carya sp,) were the predominant 
Specialist, Department of Forest Resources, hardwood species, Loblolly pine (P, taeda L.) 
Arkansas Agricultural Experiment Station, and shortleaf pine (5 echinata Mill,) were 
University of Arkansas at Monticello, Monticello, found in roughly equal proportions on the Ten 
Arkansas 71655. Published with the approval Mile Creek site, but loblolly pine clearly 
Director, Arkansas Agricultural Experiment 
Station. 

dominated at the other site. Slope gradients 
range from 1 to 3 X ,  with an average of about 1%. 
The dominant soil series on the watersheds is 



Tippah silt loam, a fine-silty, mixed, thermic 
Aquic Paleudalf (Larance, et al. 1976). 

Measurements 
Vegetation 

BeZore treatment the sawtimber and pulpwood 
volumes of each watershed were inventoried. All 
trees with an average dbhL3.5 in, were measured, 
Local volume tables were used to compute board 
feet of sawtiniber (dbh 2.9-5 in,) and cubic feet 
of pulpwood (3.5 in. <- dbh < 9.5). 

Twenty one-chain transects were randomly 
located on each of the clearcut watersheds to 
characterize ground cover after treatment. 
Ground cover under each link was recorded as 
either bare soil, rock, litter, woody debris, or 
type of vegetation. 

Precipitation 

Precipitation amounts were measured in a 
network of standard rain gauges at each site, 
Intensities and durations were obtained from 
Belfort weighing bucket recording gauges, 

Stormf low 

The volume of runoff from each watershed was 
measured with a 3 ft. H-type flume equipped with 
an autoniatic water level recorder. A drop-box 
was constructed at the upper end of the approach 
section to collect non-suspended or bed-load 
materials. Because of the flat terrain, concrete 
wing walls were constructed at the  lower section 
of each watershed to prevent surface runoff from 
bypassing the flumes. Stormflow was expressed as 
depth of water over the watershed area to conform 
to precipitation measurements. 

Sediment 

Water samples were collected by Coshocton 
sediment samplers placed below the flumes. Water 
collected by the samplers was further divided by 
slotted splitters, Samples were vacuum filtered 
to measure the concentration of sediment (ppm). 
Total suspended sediment lor each storm event was 
determined by multiplying concentrations by 
stormflow (discharge) volumes. Oven-dry weight 
of deposited sediment from the traps was added to 
suspended sediment to give total sediment loss 
per storm (lbs), These values were divided by 
watershed size and expressed as lbs/ac. Total 
sediment losses (deposited plus suspended) were 
then divided by total stomflow volume 
(discharge-weighted) and expressed as 
concentrations (ppm). 

Design and Treatments 

Precipitation, stomflow, and water quality 
were measured on all nine watersheds for one 
full year before treatments were imposed 
(Beasley 1982). The watersheds ranged in size 
from 5.61 to 16,00 ac. To facilitate 
statistical analysis the watersheds were grouped 
into blocks of three, based on location and 
local variations in soils, sxope, and/or 
vegetation. Each watershed in each block 
received a different silvicultural treatment. 
The treatments were: 1) clearcutting followed 
by shearing, windrowing, burning and replanting 
with loblolly pine seedlings, 2) selective 
harvesting including the removal of all 
comercia1 hardwoods and the deadening by 
injection of all remaining hardwoods, 3) and the 
undisturbed controls. The sawtimber volume to 
be removed from the selectively harvested 
watersheds was detemiaed by a regulation method 
designed to achieve a balanced uneven-aged stand 
(Farrar 1980). 

Harvesting began in July 1981 and was 
completed by mid-August. Site preparation on 
the clearcut watersheds was completed in 
September. Seedlings were hand planted in early 
1982, 

A randomized complete block analysis of 
variance was used to evaluate differences in 
stomflows, sediment losses and concentrations 
for the three treatments. Duncan's New Multiple 
Range tests were used to compare individual 
treatment means, 

RESULTS AND DISCUSSION 

Vegetation 

Sawtimber (pine and hardwood) board foot 
volumes on the experimental watersheds before 
treatment ranged from 5,589 to 11,251 bdftlac; 
pine and hardwood pulpwood volumes ranged from 
7.6 to 19.5 cordslac (Table 1).  Basal area on 
the selection watersheds was reduced to an 
average of 48 ft, 'fat. 

Clearcutting and site preparation exposed 
bare soil on 6 6 . 4 % ,  36.42 and 39.6% of 
watersheds 1,5 and 9, respectively, Bare soil 
exposure was highest on watershed 1 because the 
site was wettest during site preparation. 
This reduced shearing efficiency requiring 
several passes to sever many of the larger 
stumps. This caused deep rutting in some areas, 

Precipitation and Stormflow 

Precipitation for the post-treatment 
water-year averaged 47.93 in. (Table 2) .  The 
long term mean precipitation for the study area 
is 51.80 in, Thirty-three rainfall events 
produced measurable stormflow (2.01 in.) on at 



Table 1. Sawtimber and pulpwood volumes (pine and hardwood combined) on 
experimental watersheds before and after harvest. 

Watershed Before Harvest After Harvest Volume Harvested 
by 

Clearcut 
1 9,013 9 ,0  - - 9,013 9.0 
5 9,218 12.4 - - 9,218 12 ,4  
9 6,167 19.5 .,. - 6,167 19.5 

Select ion 
2 9,284 7.9 3,628 4.5 5,656 3.3 
4 11,251 10.8 3,408 5 , 2  7,843 5.6 
8 6,849 18.8 3,863 8 ,5  2,986 10.3 

Control 
3 8,285 4.6 8,285 7.6 - - 
6 8,304 11.7 8,304 11.7 - - 
7 5,589 13.1 5,589 13.1 - - 

Table 2. Monthly rainfall (in) and stormflow (in) by watershed and 
treatment for WU 1982. Rainfall values are averages of all 
standard gauges. 

Clear cut 
Month Rainfall 

1 5 9 

Selection Control 

2 4 8 3 6 7 

July 
Aul3 
Sept 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
June 

TOTALS 47 ,93  

MNUAL AVG, 
by TREATHENT 

Treatment means with same letter designations are not significantly 
different (p=.05) 



least one of the clearcut watersheds; twenty-four 
produced flow on the selectively harvested 
watersheds; sixteen produced flow on the control 
watersheds. Precipitation, almost entirely in 
the form of rain, was fairly well distributed 
throughout the twelve month period except for 
November and Deceniber 1981 and Harch 1982 which 
were low, Stormflows were low to negligible on 
a11 watersheds during the first half of fJy 1982 
(except Ocrobot) and Pr[areh. 

Mean annual stormflow on the clearcut 
watersheds was significantly higher than either 
the selection or control watersheds (Table 2). 
However, the difference in mean annual stormflow 
between the selection and control watersheds was 
not statistically significant. Stormflow as a 
percentage of total annual precipitation was 12% 
for the clearcut watersheds, 5% for the selection 
watersheds and 1% for the control watersheds. 
Reduced evapotranspiration leads to higher soil 
moisture: hence, less storage capacity and 
greater runoff (Hornbeck 1975, Douglass and Swank 
1972 j . 

Sediment 

First-year mean sediment losses on the 
clearcut watersheds were significantly higher 
than those on the selection and control 
watersheds (Table 3). However, there was no 
significant difference between annual losses on 
the selection and control watersheds. Although 
cleareutting and mechanical site preparation 
significantly increased sediment losses from the 
experimental watersheds the increase was not as 
large as those reported in other sections of the 
Gulf Coastal Plain. Beasley (1979) reported 
first-year sediment losses of 11,188, 11,420 and 
12,714 lbfac from three clearcut watersheds with 
steep slopes and erodible soils in north 
Mississippi which had been mechanically site 
prepared. DeHaven et al. (1982) measured an 
average of 2203 lblac of sediment in only eight 
months on three clearcut watersheds in east Texas 
which were site-prepared by shearing, windrowing 
and burning, Slope gradients ranged from 4X on 
the hilltops to 25% on the side slopes, Douglass 
and Goodwin (1980) reported first-year mean 

Table 3. Monthly sediment losses (lbslac) by watershed and treatment for 
WY 1982. 

Clearcut Selection Control 

Month 1 5 9 2 4 8 3 6 7 

July 
Bug 
Sept 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 

TOTALS 

Ai"4NUAL 
AVERAGES 
BY TREATMENT 



sediment losses of 4,480 lbs/ac from four 
clearcut, sheared, windrowed, and burned 
watersheds in the North Carolina Piedmont. 

Sediment losses accumulated by months 
closely paralleled accumulated stormflows for all 
treatments (Figure I ) .  Stomflows and sediment 
losses began to rise on the clearcut watersheds 
in October 1981; on the selection watersheds in 
January 1982; and one month later on the control 
watersheds. The time lags from initiation of 
stomflow and sediment production between 
treatments is further evidence of reduced water 
storage capacity and faster moisture recharge on 
the clearcut areas. 

Three storms accounted for most of the 
annual sediment losses from all watersheds; 74% 
to 87% for the clearcut watersheds; 55% to 812 
for the selection watersheds; 76% to 93% for the 
control watersheds. Other studies (Greer 1971, 
Beasley 1979) have shown similar results, 
indicating that large storm events have a 
disproportionate effect on erosion and 
sedimentation. 

Annual discharge-weighted sediment 
concentrations generally provide an acceptable 
basis for contrasting sediment losses among 
watersheds and treatments with differing annual 
stormflow regimes (Ursic 1979).  Mean annual 
sediment concentrations were significantly higher 
on the cleascut watersheds than on the selection 
and control watersheds (Table 4 ) .  The difference 
between the selection and control watersheds was 
not statistically significant. 

STORMFLOW 

Figure 1. Accumulated monthly stormflows and 
sediment losses for the post-treatment 
water-year. 

Table 4. Monthly discharge weighted sediment concentrations (ppm) by 
watershed and treatment for WY 1982. 

Month 

Clearcut Selection Control 

1 5 9 2 4 8 3 6 7 

July 
Aug 
Sept 
Oct 
Nov 
Dec 
Jan 
Feb 
Ma r 
Apr 
Hay 
Jun 

M U A L  
WEIGHTED 
AVEMGE 

WE I GHTED 
AVG. BY 
TREArnENT 



During the pre-treatment year (WY-1981) the 
discharge-weighted mean sediment concentrations 
for the three control watersheds was 79 pprn 
(Beasley 1982), about twice that of the 
post-treatment water year. This indicates that, 
even using discharge-weighted concentrations as a 
basis for coaparing sediment losses, the results 
of watershed studies are weather dependent. 
Several large intense storms occurred when soils 
were saturated during the pre-treatment year but 
such stoms were lacking during the 
post-treatment year. 

The discharge-weighted concentrations for 
the clearcut watersheds were much lower than 
those reported elsewhere. Sediment 
concentration from a steep, erodible watershed 
receiving a similar silvicultural treatment in 
north Mississippi, was 2837 pprn (Beasley 1979). 
Noderately sloping clearcut and site prepared 
watersheds in east Texas yielded 2714 pprn 
(DeHaven et al. 1982). Discharge-weighted 
sediment concentrations from four clearcut, 
sheared, and windrowed watersheds in the Piedmont 
of North Carolina averaged 2824 pprn (Douglass and 
Goodwin 1980). A significant factor that may 
account for the large differences in sediment 
losses per unit of stormflow between the clearcut 
watersheds reported here and those described 
above is slope gradient. Slope increases the 
velocity of surface runoff which increases the 
sediment carrying power of the water (Hewlett and 
Nutter 1969). 

Sediment concentrations for the clearcut 
watersheds reported here are less than those 
reported for uncut forests in other areas. 
Average annual sediment concentration for an 88 
acre watershed with loblolly pine cover in north 
Mississippi was 780 ppm, most of which was 
attributed to channel degradation (Ursic 1975). 
Discharge-weighted sediment concentrations of 
major river basins in the South range from less 
than 300 pprn to more than 2,000 ppm, (Rainwater 
1962). Maximum concentrations are generally 
associated with high flows. 

Fish production in warm southern streams 
suffers when suspended sediment concentrations 
exceed 100 pprn for a sustained period (Buck 
1956), but many species will tolerate very high 
levels for short periods (Oschwald 1972). 

CONCLUSIONS 

Clearcutting followed by intensive 
mechanical site preparation caused a 
statistically significant increase in storm 
discharge and sediment losses during the first 
post-treatment year. However, evaluating the 
biological significance of these measured losses 
in downstream waters is much more difficult. In 
the Gulf Coastal Plain most stream channels and 
banks are comprised of highly erodible material 
which are readily detached and transported by 

streamflow. In many cases stream channel 
scouring alone accounts for higher 
concentrations of sediment than those measured 
in this study. 

This study is part of the South Central 
Region Water Quality Project. Funding and 
assistance were provided by the Arkansas 
Agricultural Experiment Station, U.S. Forest 
Service-Southern Forest Experiment Station, 
Arkansas Forestry Commission, Arkansas 
Department of Pollution Control and Ecology, 
Arkansas Water Resources Research Center, Ross 
Foundation, International Paper Company, 
Weyerhaeuser Company, Arkansas Kraft 
Corporation, Deltic Farm and Timber Company, 
Potlatch Corporation and Bearden Lumber Company. 
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A l l  OVERVIEW OF 14ATERSHED AND NUTRIENT CYCLIEG PSSEARCM 

1 / AT THE mk3OLDS HOWSTEm WSEAKCH CENTER- 

T. R. Fox, J. A. Burger, R. E. Kreh, and J. E .  huglass?-'  

Abstract,--A p ro j ec t  designed t o  quant i fy  t he  changes 
brought about by c l ea r cu t  harves t ing  and s i t e  p repara t ion  
has been e s t ab l i shed  on t h e  Vi rg in ia  Piedmont. Four f o r e s t ed  
watersheds were s e l ec t ed  f o r  s tudy i n  1980. Three of t he  
watersheds were c o m e r c i a l l y  c l e a r cu t  during t he  s u m e r  of 
1981. The fou r th  watershed remained undisturbed and serves  
as a con t ro l .  The c l ea r cu t  watersheds were s i t e  prepared i n  
Ju ly  1982, Three s epa ra t e  t reatments:  chop and burn; shear- 
d i s k  (1-pass); and shear, rake-p i le ,  d i sk  (3-pass), repre-  
s en t i ng  t h r e e  l e v e l s  of s i t e  p repara t ion  i n t e n s i t y  were 
appl ied .  The s i t e  prepared watersheds w i l l  be p lan ted  t o  
l o b l o l l y  p ine  i n  March 1983. H-flumes and ceramic cup 
lys imeters  were i n s t a l l e d  t o  monitor changes i n  streamflow 
and s o i l  so lu t i on .  Prel iminary r e s u l t s  i n d i c a t e  t h a t  p r i o r  
t o  s i t e  p repara t ion ,  n u t r i e n t  l e v e l s  i n  both s o i l  so lu t i on  
and stream water were higher i n  t h e  c l e a r c u t  watersheds. 
Suspended sediment levels i n  stormflow from t h e  c l e a r cu t  
watersheds were also  higher .  Post  s i t e  p repara t ion  n u t r i e n t  
l e v e l s  i n  s o i l  so lu t i on  were higher  than Levels i n  t he  con- 
t r o l .  Levels of N03-M i n  s o i l  so lu t i on  and stream water from 
both t h e  c l e a r cu t  and t h e  s i t e  prepared watersheds %ere 
h igher  than MN4-P.I. T h i s  i nd i ca t e s  t h a t  n i t r i f i c a t i o n  may be 
an important process i n  d i s turbed  ecosystems on the  Piedmont. 

INTRODUCTION 

The importance of t h e  southeas te rn  United 
S t a t e s  as a  r i d e r  producing region i s  expected t o  
increase  s u b s t a n t i a l l y  i n  t h e  next  20 years .  It 
has been estimated t h a t  by t he  end of t h i s  cen tury  
t h e  southeas t  w i l l  produce roughly 50% of t h e  t o t a l  
roundwood harves t  of t h e  U,S. (USDA Fores t  Serv ice ,  
1973). However, t h e  cur ren t  s tand q u a l i t y  and age 
of much of the  e o m e r c i a l  f o r e s t  land i n  t h e  reg ion  

I /  Paper presented a t  t h e  Southern S i l v i cu l -  
t u r a l -~e sea r ch  Conference, November 4-5, 1982, 
A t l m t a ,  Georgia, Financial  support provided by 
Chmpion In t e rna t i ona l  Corporation, U,S, Forest  
Service,  Hclnt ire-Stennis  and the Reynolds 
Homestead Research Center ,  

2 1  Graduate Research Ass i s t an t ,  Ass i s tan t  
prof eysor  of Fores t  S o i l s  and Research Associate ,  
r e spe c t i ve ly ,  Department of Forestry, Virg in ia  
Polytechnic I n s t i t u t e  and S t a t e  Universi ty,  
Blacksburg, V i rg in i a ,  and P r inc ipa l  Hydrologist ,  
U,S. Fores t  Serv ice ,  Coveeta Hydrologic Laboratory, 
Frankl in ,  Korth Carol ina,  

may not  be adequate t o  meet f u t u r e  demands 
(Southern Fores t  Resource Analysis Co rn i t t e e ,  
1969). I n  add i t i on ,  over 100,000 acres  of poten- 
t i a l  pine f o r e s t  land a r e  l o s t  each year  because 
of inadequate regenera t ion  fol lowing harves t  o r  
d i r e c t  conversion of f o r e s t  land t o  o ther  uses 
(Knight, 1977). 

I n  order  t o  meet the  increas ing  demands on 
t h e  f o r e s t  resources of t he  sou thea s t ,  i n t e n s i v e  
f o r e s t  management p r ac t i c e s  w i l l  have t o  be appl ied  
t o  a l a r g e r  acreage. On t he  Piedmont, t h i s  w i l l  
prob&ly inc lude  the conversion of mixed pine- 
hardwood s tands  t o  sho r t  r o t a t i o n  p ine  p l a n t a t i o n s  
(Switzes and Kelson, 1973). 

Reported dec l ines  i n  product iv i ty  of in ten-  
s i v e l y  managed second r o t a t i o n  p l an t a t i ons  i n  
o ther  p a r t s  of t h e  world ( a y t e ,  1973; W i l l  and 
Bal la rd ,  1974)  have generated concern about 
s im i l a r  dec l i ne s  in product iv i ty  i n  t he  southeas t .  
Ag r i cu l t u r a l  experiences i n  t he  p a s t  have demon- 
s t r a t e d  t h a t  Piedmont s i t e s  a r e  p a r t i c u l a r l y  
susceptab le  t o  p roduc t i v i t y  dec l i ne s  under in ten-  
s i v e  management, 



A number of r e c e n t  s p p o s i a  have been he ld  on 
t h e  e f f e c t s  of i n t e n s i v e  wnagement on p r o d u c t i v i t y  
(Tippin,  1978; Leaf ,  1979 and Hann, 1980). Xost 
of t h e  d e l e t e r i o u s  e f f e c t s  of i n t e n s i v e  f o r e s t  
management a r e  a s s o c i a t e d  wi th  r e d u c t i m s  i n  s o i l  
n u t r i e n t  r e s e r v e s  o r  wi th  t h e  a b i l i t y  of t h e  
system t o  e f f e c t i v e l y  c y c l e  n u t r i e n t s  ( P r i t c h e t t  
and Gbells, 1978; Wells and Jorgensen,  1979; 
P r i t c h e t t ,  1980) and wi th  harm t o  t h e  phys ica l  
p r o p e r t i e s  of t h e  s o i l  (Campbell, 1973; Haines 
&., 1975; Nutter  and Douglass, 1978; Greacen and 
Sands, 1980; P r i t c h e t t ,  1980)- 

Mechanical s i t e  p r e p a r a t i o n  i s  used e x t e n s i v e l y  
i n  t h e  sou theas t  t o  e l i m i n a t e  logging s l a s h ,  reduce 
competing v e g e t a t i o n  and manipulate  t h e  s i t e  i n  
an at tempt t o  opt imize s u r v i v a l  and e a r l y  he igh t  
growth of p lan ted  s e e d l i n g s  (Duzan, 1980). There 
i s  no one 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  t h a t  i s  
a p p l i c a b l e  t o  a l l  a r e a s .  To fmprove t h e i r  e f f e c t -  
iveness  and c o s t  e f f i c i e n c y ,  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  must be s i t e  s p e c i f i c ,  S o c i a l  and 
environmental f a c t o r s  must a l s o  be considered 
(Balmer e t  a l . ,  1976). 

Excessive s o i l  d i s tu rbance  dur ing  s i t e  prepara- 
t i o n  i s  a  major f a c t o r  in f luenc ing  p r o d u c t i v i t y  
d e c l i n e s  ( P r i t c h e t t ,  1981). These same d i s tu rbances  
may a l s o  s u b s t a n t i a l l y  i n c r e a s e  sedlmeat concentra- 
t i o n s  i n  s t ream water  thus  degrading water  q u a l i t y  
(Stone e t  a l . ,  1978). The Federa l  Water P o l l u t i o n  
Control  Act (PL 92-580) has c l a s s i f i e d  h a r v e s t i n g  
and s i t e  p repara t ion  a c t i v i t i e s  as non-point sources 
of p o l l u t i o n .  As such, i t  i s  requ i red  by Law t o  
c o n t r o l  d i scharges  from f o r e s t  land us ing  "best  
management p r a c t i c e s "  (Rey, 1980). 

I n  l i g h t  of t h e s e  two f a c t o r s ,  s e v e r a l  r e s e a r c h  
e f f o r t s  i n  t h e  sou theas t  a r e  a c t i v e l y  i n v e s t i g a t i n g  
t h e  e f f e c t s  of harves t ing  and s i t e  p repara t ion .  
The small  watershed technique has been used a t  
Goweeta Hydrologic Laboratory s i n c e  t h e  e a r l y  
t h i r t i e s  t o  e v a l u a t e  t h e  e f f e c t s  of management 
p r a c t i c e s  on t h e  t iming,  q u m t i t y  and q u a l i t y  of 
streamflow from f o r e s t e d  catchments (Bouglass and 
Swif t ,  1977). Streamflow changes due t o  c u t t i n g  
and v e g e t a t i o n  changes have been q u a n t i f i e d  and 
p r e d i c t i v e  equat ions developed f o r  f o r e s t e d  catch- 
ments s u b j e c t  t o  d i s tu rbance  (Douglass and Swif t ,  
1977), The c u r r e n t  research  e f f o r t  a t  Goweeta 
emphasizes t h e  e f f e c t s  of f o r e s t  p r a c t i c e s  on 
s tream water  q u a l i t y  and n u t r i e n t  cyc l ing  (Douglass 
and Swif t ,  1977). 

The U.S. F o r e s t  Serv ice  a l s o  main ta ins  a 
hydrologic Lab on t h e  Coastal  P l a i n  a t  Oxford, 
M i s s i s s i p p i .  The e f f e c t s  of intensive f o r e s t  
mmagement p r a c t i c e s  on t h e  upper Coastal  P l a i n  
are  being eva lua ted ,  i t  has been found t h a t  
p r a c t i c e s  such 2s chopping, shearing, windrowing 
and bedding i n c r e a s e  sediment Losses. However, 
t h e s e  Losses tend t o  diminish a f t e r  t h e  f i r s t  year  
(Beasley, 1979). Sediments were a l s o  shorn t o  be 
an important  f a c t o r  i n  t h e  expor t  of n i t r o g e n  from 
f o r e s t e d  watersheds. Sediment-phase l o s s e s  were 

found t o  equal  aqueous-phase (d i sso lved)  l o s s e s  
(Schr ieber  e t  a l . ,  1980). 

A coopera t ive  p r o j e c t  between t h e  Univers i ty  
of F l o r i d a ,  t h e  U . S .  F o r e s t  Serv ice  and f o r e s t  
i n d u s t r y  was i n s t a l l e d  t o  e v a l u a t e  t h e  e f f e c t s  of 
i n t e n s i v e  management on the  slash pine  (Pinus 
e l l i o t t i )  ecosystem s f  t h e  lower Coastal  P l a i a  
(Swindel e t  a l e ,  1981). The I n t e n s i v e  Yaaagernent 
P r a c t i c e s  Assessment Center (IWAC) has used 
p a i r e d  watersheds t o  demonstrate  increased  water  
y i e l d  fol lowing h a r v e s t i n g  and s i r e  p r e p a r a t i o n ,  
Water q u a l i t y  changes, a l though v a r i a b l e ,  tend 
t o  i n c r e a s e  wi th  t h e  l e v e l  of s i t e  d i s tu rbance  
(Swindel e t  a l .  , 1981). 

The e f f e c t s  of c l e a r c u t t i n g  and regenera t ing  
a  sou thern  Piedmont f o r e s t  have been s t u d i e d  
r e c e n t l y  by Hewlett (1979). Resu l t s  from t h i s  
s tudy  i n d i c a t e  an i n c r e a s e  i n  water  y i e l d  fo l lowing  
c l e a r c u t t i n g  and s i t e  p repara t ion .  However, l a r g e  
i n c r e a s e s  i n  n u t r i e n t  expor t  and sediment load i n  
s t ream water  were n o t  repor ted .  

A s i t e  p r e p a r a t i o n  s tudy has r e c e n t l y  been 
e s t a b l i s h e d  by t h e  Southern Regional F o r e s t  Center .  
This  i s  a  s tudy designed t o  eva lua te  t h e  e f f e c t s  
of i n t e n s i v e  management p r a c t i c e s  on l o b l o l l y  
p ine  (Pinus taeda)  growth.2/ S i t e s  have been 
s e l e c t e d  on both t h e  Piedmont and t h e  Coastal  P l a i n  
i n  an e f f o r t  t o  provide b a s i c  information on t h e  
e f f e c t s  of i n t e n s i v e  management on s o i l  p r o p e r t i e s  
and n u t r i e n t  cyc l ing  throughout t h e  range of 
l o b l o l l y  pine.  

Watershed research  a t  t h e  Reynolds Homestead 
Research Center i s  a coopera t ive  p r o j e c t  between 
t h e  Department of F o r e s t r y  a t  V i r g i n i a  Tech, 
Champion I n t e r n a t i o n a l  Corporat ion and t h e  U.S. 
F o r e s t  Service.  The o b j e c t i v e  of t h e  p r o j e c t  i s  
t o  q u a n t i f y  t h e  changes assoc ia ted  w i t h  c l e a r c u t  
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  on t h e  V i r g i n i a  
Piedmont, S p e c i f i c  emphasis i s  placed on I )  s e e d l i n g  
s u r v i v a l  and growth, 2 )  n u t r i e n t  dynamics, 3) s o i l  
e ros ion  a d  compaction, 4)  s t ream water  q u a l i t y  
and 5 )  organic  m a t t e r  t rans format ions .  This r e p o r t  
p r e s e n t s  an overview of t h e  s tudy s i t e ,  t reatnrents ,  
methods, and pre l iminary  r e s u l t s  on t h e  e f fec t s  of 
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  on s t o r m f l o r ~  and 
s o i l  s o l u t i o n  n u t r i e n t  concent ra t ions ,  

MTERLALS AND mTMODS 

The Reynolds Romestead Research Center i s  
loca ted  on t h e  Piedmont i n  P a t r i c k  County, V i r g i n i a  
f i g .  1 .  The land use h i s t o r y  of t h e  Reynolds 
Homestead i s  t y p i c a l  of ~lllch of t h e  southern Pied-  
mont. Abusive a g r i c u l t u r a l  p r a c t i c e s  a s s o c i a t e d  
wi th  t h e  product ion of tobacco caused severe  e r o s i o n  
t h a t  was accompanied by s u b s t a n t i a l  d e c l i n e s  i n  
p r o d u c t i v i t y .  Nuch of t h e  eroded a g r i c u l t u r a l  

31 Larry Morris ,  Personal  c o m u n i c a t i o n .  - 



COUNTY BOU1IOARIES SNQWX ARE CIRCB 1BVd 

From Trtsble, 1974 

Figure 1.--Location of the Reynolds Homestead in 
relation to the Southern Piedmont. 

land was eventually abandoned and has since grown 
into low quality mixed stands of pine and hardwoods. 

In the sumer of 1980, four small forested 
watersheds drained by ephemeral streams were 
selected for study. Watersheds 1 and 2 are 
approximately 4 acres each, watershed 3 is approx- 
imately 8 acres and watershed 4 is approximately 
9 acres. 

Both the overstory and understory vegetation 
in each watershed were characterized, Overstory 
trees were measured using variable radius plots 
with a sampling intensity of one point per acre. 
The understory vegetation was sampled using the 
line transect method. 

The four watersheds were equipped with I-foot 
H flumes to measure runoff (Douglass and Swift, 
L977). A plywood trough 8 feet long, 27 inches 
wide and 19 inches deep served as a sediment trap 
and approach section to the flume. Stage height 
was measured by a strip chart recorder at a 
stilling well connected to the flume by rubber 
tubing. The volume of flow was calculated for each 
runoff event, A 2-foot diameter Coshocton wheel 
mounted below each flume collected approximately 
0,5% of the flaw. The Coshocton wheel was connected 
to a plastic barrel where the runoff was stored 
prior to smpling. When a large volume of flow 
was anticipated, a 10:l sample splitter was placed 
between the Coshocton wheel and the plastic barrels 
which reduced the stored sample to about 0.05% of 
the total flow. 

After each event, the stodlow diverted to 
the plastic barrel was stunpled, Sediment was 
detemined gravimetrically after filtration 
through 0.42 micron fiberglass filter paper. The 
sanples were analyzed for K, Ca, Mg, conductivity, 
and pH using the standard methods employed in the 
Forest Soils/Tree Nutrition lab at Virginia Tech. 
NH4-M, NO ItJ and PO P were determined at the 

3- 4 - 

Virginia Tech Water Quality Lab using the methods 
described by Smolen et al. (1978). Total N was 
determined by Kjeldahl digestion. 

Following a one year calibration period, three 
of the four watersheds were comercially clearcut, 
Conventional chainsaw felling and yarding with 
rubber tired skidders was used to harvest the 
timber. The harvesting operation was completed 
in October 1981. 

In late fall, 1981, soil solution lysimeters 
were installed at two depths, 6 and 12 inches, 
at ten random locations in each watershed. Soil 
solution smples were collected biweekly. NN4-N, 
NO3-N, PO4-P, K, Ca, Mg, pH and conductivity were 
determined on the soil solution samples using the 
same analytic techniques as employed with the 
stream water samples. Soil moisture and temperature 
were also determined at biweekly intervals. 

Three separate site preparation prescriptions, 
representing three levels of intensity, were 
applied to the clearcut watersheds in July, 1982. 
The intensity of each prescription was classified 
on the basis of the amount of disturbance to the 
forest floor and residual biomass. 

Watershed 1, the uncut control, was not site 
prepared. It remains an undisturbed control. 

Watershed 2 was subjected to the least inten- 
sive treatment, chop and burn. A Marden double 
drum chopper weighing approximately 42,000 lbs 
was pulled over the area by a Caterpillar D-7G 
tractor. The residual standing trees were knocked 
down and the smaller diameter material cut into 
pieces. Two months after chopping, in September, 
1982, the area was broadcast burned. The end 
result of this treatment was that the forest 
floor remained essentially intact and, except for 
elements volatized by the fire (primarily N), the 
nutrients present in the slash remained on the 
site distributed over the area in the ash. These 
nutrients were readily available and could rapidly 
move in the nutrient cycle. 

An intermediate level of site preparation 
intensity was applied to Watershed 3. The site 
preparation prescription consisted of the shear- 
disk, I-pass operation. In a single pass over 
the site, the residual material was sheared and 
the forest floor was turned into the mineral soil. 
The results of this treatment differ from those 
of the chop and burn in that 1) the forest floor 
is disturbed and 2) although all the nutrients in 
the slash remain on the site, they are tied up in 
the residual material and are released to the 
active nutrient cycle at a much slower rate. 

The most intensive treatment was applied to 
watershed 4. This area was sheared, piled and 
disked in three separate passes with a Caterpillar 
B-76. Windrows were located either on the contour 
or in erosion ditches and were burned two months 
after site preparation. In this treatment, the 



nutrients contained in the slash were localized at 
the sites of the burned windrows. They are, for 
the most part, not available to the majority of 
trees in the next rotation. 

Following site preparation, sediment traps 
were constructed in each of the prepared watersheds 
to measure downslope soil movement. The sedtment 
traps will be used to validate soil erosion losses 
from each site as predicted by the Universal Soil 
Loss Equation (Dissmeyer and Foster, 1980). 

Each of the site prepared watersheds will be 
planted with loblolly pine in the spring of 1983. 
Survival and growth will be measured periodically. 
Growth data will be correlated with results from 
the nutrient dynamics portion of the study to 
evaluate the impact of the three levels of site 
preparation on both short-and long-term site pro- 
ductivity. 

Selected soil physical and chemical properties are 
presented in Table 1. 

A sumary stand table of the overstory vegeta- 
tion is presented in Table 2. Site index data is 
presented in Table 3, and the understory vegetation 
characterization data is presented in Table 4, 

The soils of the four watersheds are derived 
from similar parent material and are quite similar, 
The major differences are in the depth of the A 
horizon, which is due to differential erosion. The 
vegetation on the watersheds was quite different. 
Pine dominated the overstory in watershed 2. The 
species composition in watersheds 1 and 4 was more 
evenly distributed between pine and hardwoods. 
Watershed 3 was dominated by hardwoods. Differences 
in vegetation and topsoil depth can be traced to 
the past land use pattern of the individual water- 
sheds and contributes to the inherent watershed 
differences. 

RESULTS AND DISCUSSION 
Clearcutting Effects 

Site Characterization 

The principal soil mapping units in the study 
watersheds were: 

Watershed 1 Cecil Fine Sandy Loam, Cecil 
Clay Loam, Appling Fine Sandy 
Loam 

Watershed 2 Hayesville Cobbly Loam, 
Hayesville Fine Sandy Loam, 
Cecil Fine Sandy Loam 

Vatershed 3 Cecil Fine Sandy Loam 

Watershed 4 Cecil Clay Loam, Cecil Fine 
Sandy Loam, Appling Fine Sandy 
Loam 

The drought that occurred during 1980 and 1981 
severely affected runoff from the gauged watersheds. 
The relative scarcity of streamflow data for the 
first half of 1981 (Table 5) can be attributed to 
the drought. 

Overall sediment concentrations in stormflow 
from the clearcut watersheds are greater than con- 
centrations in the undisturbed watersheds. Most 
of the sediment in streamwater from the clearcut 
watersheds is associated with the construction of 
roads and landings in the upper parts of the 
drainage basin. Very little soil disturbance was 
observed in other areas of the clearcut. 

Nutrient concentrations, although variable, 
were generally greater in stormflow originating on 

Table 1.--Selected soil properties for research watersheds at the Reynolds Homestead 
Research Center, Patrick County, Virginia. 

Site Preparation 
Prescription Soil 

Watershed To Be Applied Horizon Depth BD OM pH K Ca P.I$ 

(cm) (g/cc) (%) - - - (qpm>l/ - - - - 
1 Control A 21.8 1.10 2.6 4.3 11.2 8.2 8.2 

B 100 1.46 0.2 4.9 10.7 12.3 3.3 

2 Chop and Burn A 13.9 1.04 2.2 4.3 5.6 3.0 0.9 
I3 100 1.46 0.6 4.9 7.2 4.6 7.0 

4 Shear, rake-pile, A 12.9 1.01 2.6 4.8 6.8 4.4 2.0 
disk (3 pass) B 100 1.39 0.7 5.2 9.9 19.0 11.5 

-1/ Double acid (0.05N HCI + 0.025 N H2 SO4) extraction. 



Table 2,--Sumarg s tand  t a b l e  of research  watersheds a t  t h e  Reynolds Homestead Research 
Center ,  P a t r i c k  County, V i r g i n i a ,  

S i t e  Prepara t ion  
1" P r e s c r i p t i o n  t o  Va, Other-' Tuli; other2' To ta l  Tota l  

Watershed be Applied P i n e  S.W. 0ak.L' Poplar  H.W. S . W .  H.W. Tota l  

1 Control  66 1 I 18 8 6 368 662  472 1,134 

2 Chop and burn 406 34 5 16 479 435 500 83% 

3 Shear-disk 88 6 95 19 767 94 881 975 
(1 pass )  

4 Shear, rake- 320 4 4 8 7 655 324 546 870 
p i l e ,  d i s k  
( 3  pass )  

L/ Species inc lude  white  p ine ,  Table-Mountain p i n e ,  P i t c h  p ine  and Eas te rn  red cedar .  

2/ Species  i n c l u d e  whi te  oak, nor thern  red oak, ches tnu t  oak and s c a r l e t  oak 

2/ Species  i n c l u d e  black gum, sourwood, red  maple, beech, green ash ,  b lack  cher ry ,  
dogwood and black l o c u s t .  

t h e  c l e a r c u t  watersheds (Table 5). Both NH4-N and 
N03-N concent ra t ions  a r e  g r e a t e r  i n  s t ream water  
from t h e  ckearcut  watersheds. It i s  i n t e r e s t i n g  
t o  n o t e  that NO3-N l e v e l s  i n  s t r e w a t e r  from both 
t h e  clearcut and c o n t r o l  watersheds are  greater 
than HE4-% Levels, 

The r e l a t i o n s h i p  between streamflow PO4-P 
concent ra t ions  i n  t h e  c l e a r c u t  and c o n t r o l  water- 
sheds v a r i e s  from month t o  month, a l though,  on &he 
average, h igher  concent ra t ions  do occur  i n  stream- 
f low from t h e  c l e a r c u t  watersheds.  However, l e v e l s  
from both a r e a s  a r e  q u i t e  low. 

K concent ra t ions  a r e  h igher  i n  streamflow front 
t h e  c l e a r c u t  watersheds. S imi la r  r e s u l t s  were 
observed f a r  Ca and Ng concent ra t ions ,  

The e f f e c t  of c l e a r c u t  h a r v e s t i n g  on s o i l  
s o l u t i o n  n u t r i e n t  concent ra t ions  can be seen i n  
Table 6,  MH4-N and N03-N concent ra t ions  I n  
s m p l e s  from t h e  c l e a r c u t  watersheds were s l g n i -  
f f e a n t l y  g r e a t e r  than the  c o n t r o l .  I n  a d d i r i o n ,  
NQ3-N levels tend to be  h igher  than NH4-N i n  t he  
c l e a r c u t  watersheds.  The r e v e r s e  occurs  i n  t h e  
c o n t r o l  watershed. This i n d i c a t e s  that n i t r i f i c a -  
t i o n  i s  a s i g n i f i c a n t  f a c t o r  in the d is turbed  
watersheds,  b u t  n o t  i n  t h e  c o n t r o l ,  S imi la r  
r e s u l t s  have been observed by Likens, e t  a l ,  (L370). 

POq-P concent ra t ions  i n  s o i l  s o l u t i o n  from 
t h e  c l e a r c u t  watersheds were s i g n i f i c a n t l y  g r e a t e r  
than t h e  PO4-P concent ra t ions  i n  s o i l  s o l u t i o n  
from t h e  c o n t r o l  watershed. However, as wi th  t h e  
s t r e m w a t e r  s a p l e s ,  P04-P concent ra t ions  f ro=  both 

Table 3,--Site i n d i c e s  f o r  s e l e c t e d  spec ies  on research  watersheds a t  t h e  Reynolds 
Homestead Research Cente r ,  P a t r i c k  County, Vi rg in ia .  

1 / S i t e  Index-  
S i t e  Prepara t ion  
P r e s c r i p t i o n  t o  V i r g i n i a  m i t e  Tul ip  

Watershed be Applied Pine Pine Poplar  

I Control  7 12 8 2 94 

2 Chop iand burn 6 6 -- ... - 

3 Shear-disk (1 pass) 6 7 65 93 

4 Shear, rake-p i le ,  d i s k  (3 pass )  6 9 7 0 9 1 



Table 4.--Understory vegetation characterization of research watersheds at the 
Reynolds Homestead Research Center, Patrick County, Virginia. 

Site Preparation Species 
Prescription to 

Watershed be Applied Soil Grass Forb Vine Shrub B.W. Pine 

1 Control 0,O 0,3 2.2 20 .2  16.4 0.9 24.9 

2 Chop and burn 1.5 0.6 11.0 4.4 17-23 36.9 1.8 

4 Shear, rake-pile, 0.0 0.1 2.9 9.2 10.6 0.8 17.3 
disk (3 pass) 

Dominance is calculated as: total intercept length of 
dominance = species A x 100 

total transect length 

Table 5.--Monthly and cumulative averages of selected stream water properties from 
research watersheds prior to site preparation. 

Sediment NH4-N N03-N P04-P K 
Date Control C.C.~' Control C.C. Control C.C. Control C.C. Control C.C. 

1 Feb 0.031 2.334 5.60 1.21 1.44 0.04 0.010 0.011 2.42 - -  

Mar JC -tc * * JC * * JC ~ i :  

June * * * J( * .A- * * ~r 3r 
..d . . 
00 

July 0,038 '& 0.40 J( 0.00 * 0.000 * 2.56 * 
Aug 

Sept 

Oct 

Nov 

Dec 

Jan 

Peb 

Mar 

2 APT 
en " May 

June 

July 

Cumulative 0,023 0.351 0.92 1,63 1.25 1.95 0.01 0.84 2.26 5.05 
Average 

I' Clear cut. 
* No run off event occurred during this month. 



Table 6.--Mean soil solution values for research watersheds at the Reynolds Homestead 
Research Center, Patric County, Virginia, as affected by clearcut harvesting. 

- - - - - - 

Treatment NBq-E K03-N PO4-P K Ca Mg Conductivity pH 

- - - - - - - - - - -  Ippm) - - - - - - - - .- (mho s ) 

Control 0.082' 0.01a 0.008a 1.96a 2.09a 0.92a 25.9.3 5.3a 

Clearcut 0.22b 0.60b 0.016a 2.64b 3.19b 1.30b 37.5b 5.33 

- -- 

I' Values in a column with the same letter are not significantly different (a = 0.05). 

the clearcut and the control watersheds are quite 
low. This is probably due to the low level of 
water soluble P found in most Piedmont soils. 

Conductivity and cation concentrations in soil 
solution were also significantly higher in the 
clearcut watersheds (Table 6). These higher levels 
were probably responsible for the increased levels 
of nutrients in the stream water. 

Effects of Site Preparation 

Unfortunately, no runoff events have occurred 
since site preparation. Thus, it was not possible 
to determine the effects of site preparation on 
any strerun water parameters, Soil solution data 
for the first three months since site preparation 
is presented in Table 7. Although there was a 
trend towards higher levels of NH4-N in the site 
prepared watersheds, there were no significant 
differences. A similar trend with N03-N values 
did indicate a significantly higher concentration 
of NO3-N in the soil solution of the most intensive 
treatment. In the two more intensive treatments, 
the shear, pile, disk and the shear-disk, N03-N 
levels were greater than NH4-N levels. In the 
chop and burn and control watersheds the reverse 
occurred. This seems to indicate that nitrification 
was an important process in the more intensive 

treatments, but not in the undisturbed and minimally 
disturbed areas. 

P04-P values were not significantly different 
among any of the site preparation treatments or 
the control. The low level of readily available 
I? in Piedmont soils was again demonstrated by the 
low concentrations of P in soil solution. 

Conductivity and cation values in soil solution 
tended to increase with increasing intensity of 
site preparation. K levels in each of the site 
prepared watersheds were greater than the control. 
Ca, Mg and conductivity values paralleled those 
of K, but only the most intensive treatment was 
actually significantly greater. 

CONCLUSIONS 

Preliminary results from this study showed 
that clearcutting and site preparation increased 
levels of nutrients in soil solution. This may 
be due to a combination of increased organic matter 
mineralization and a decrease in nutrient uptake 
by vegetation. 

Clearcutting was also found to increase the 
nutrient concentration and sediment load of 
stormflow. The increased level of nutrients in 

Table 7.--Mean soil solution values for research watersheds at the Reynolds Homestead 
Research Center, Patrick County, Virginia, as affected by site preparation. 

Site Preparation 
Prescription NH4-N NO3-N P04-P K Ca I4g Conductivity pH 

Control 

- - - - - - - - - - (ppm) - - - - - - - - - (mhos) 
1 / 0.57a- 0.18a O.OlOa 2,59a 1.31a 1.36a 27.5a 5.26ab 

Chop and burn 0,66a 0.32a 0.005a 5.00b 2.33a 1.37a 58.5a 5.25a 

Shear-disk 0.95a 1.78a 0.012a 5.34b 3.14a 1.77a 67.9a 5.57ba 
(1 pass) 

Shear, rake-pile 0.86a 4.75b 0.012a 5.56b 7.92b 2.84b 104.8b 5.66~ 
disk (3 pass) 

I/ Values in a column with the same letter are not significantly different (a = 0.05). - 



stream water draining from the clearcut watersheds 
is probably related to the higher levels of 
nutrients in soil solution in the clearcut areas. 
Increased sediment loads in streamflow from the 
clearcut watersheds were probably associated with 
the construction of roads and landings during the 
harvesting operation. The higher levels of both 
sediments and nutrients in streamflow originating 
on the clearcut watersheds nay detrimentally 
affect downstream water quality. 

N03;N levels were greater than EH4-N levels 
in tne disturbed watersheds. Nitrification 
appeared to be an improtant process in the dis- 
turbed areas. This can have inportant consequences 
because of the great mobility of the nitrate anion. 
N03-N leached from the active rooting zone is no 
longer available to the tree crop. There are also 
potential health hazards associated with high 
nitrate levels in drinking water. 

Since forestry operations are classified as 
non-point sources of pollution, these potential 
impacts of intensive management should be of 
concern to forest managers, particularly since 
they may also be related to potential declines in 
long term site productivity. 

The authors are grateful for the assistance 
provided by Champion International's site prepara- 
tion and equipment personnel in the installation 
of this study. The assistance of Jackson R. Bird, 
Stephen Schoenholtz, Douglas Lantagne, and John 
Torbert is also appreciated. 
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%?J"I:RZEm DI STRIBLTIOMS IN R WOFF FROM 

li OUACHITA X O m A I N  VATE3SHmS - 

Edwin R. h w s o n  and L e s l i e  H. Hilemfan z1 

Abstrect .--Nutrients i n  runoff from four mtersheds  i n  
t h e  Omchita Momtains of kkansas  were monitored. Oce 
watershed received a f i n a l  shelterwood harvest and another 
was burned and glanted with shor t leaf  pine.  Rutrients in- 
cl lded: P , K, Ca , Fe , Ha, PaH3-N, Mg , I%, WO3, m d  BC03, 
Turbidity,  pH, and spec i f i c  conductance were a l so  evaiuatea. 
Treatments did not generally a l t e r  nut r ient  l eve l s  i n  runoff. 

Forested watersheds are  generally r e c o ~ i z e d  
as %he primary source of high qual i ty  water i n  the  
United SL;ILLes (Corbett e t  a l .  1978; DougLass ~9'74; 
Stone 191'7) acd t h a t  a l t e r i n g  the  fo res t  cover 
influences the  mount and qual i ty  of water pro- 
vided from these areas.  Forest cover i s  usually 
changed through a -variety of s i lv icul t -ma1 
pract ices  applied t o  achieve ce r t a in  fores t  manage- 
ment obJectives.  .A considerable mount of l i t e r -  
a ture  is available on t h e  e f f e c t s  of such pract ices  
on water qua l i ty ,  but research r e s u l t s  vary great ly  
depending on such fac to r s  as  s o i l  cha rac te r i s t i c s ,  
vegetation,  climrzf;e and. degree of disturbance 
( ~ r o z k a  e t  a l .  1981 ; Douglass 1974 f . 

There i s  current ly  very l i t t l e  similar  in- 
formation available f ~ r  the  upland areas of the  
Ozark-Ouachita Xighlands, Losses of sediment 
and nutr ients  from t h e  r a the r  shallow s o i l s  
cha rac te r i s t i c  of t h e  region nay be c r i t i c a l .  In  
addit  ion ,  excessive domstream loading of sediment 
and nu t r i en t s  may be dekimenta l  t o  aquatic 
habit  a t  . 

The f o - a  watersheds are on the  Aim Creek 
E m e r i ~ e n t a l  Forest i n  cen t ra l  Arkansas. TLxee 
o f  t h e  w~a.tershecis (3~-1, X S - 2 ,  end US-3) w e  1.63, 

I/ Paper presented kLt; Secoad Biennial 
~outlagrn Si lv icul ture  Research Conference, 
Atlanta,  Georgia, Noveniber 4- 5 1962. 

2 /  The st;i;hors a r e ,  resnectively , Prof ee t  
IkadeF, Southern Forest Eqeriment S ta t  ion,  830 
Fairview S t r e e t ,  Fayet tevi l le ,  Arkansas, and 
Assistact  Professor, Universidy of k k a n s a s ,  
Departaent of  Agronomy, Fayetdeville , 

1.28, 1 .44 acres i n  s i z e ,  respectively.  They a r e  
adjacently located a t  t h e  bea&vaters of Watershed 
4 (WS-4), which i s  32.7 acres i n  s i ze .  Hydrologic 
cha rac te r i s t i c s  of t h e  three  smaller watersheds 
i n  an undisturbed condition were reported by 
Rogerson (1971). Elevations within WS-4 range 
from 1120 fee t  ax t he  gaging s i t e  t o  &out 12400 
fee t  a t  t h e  headwaters. A-verage slopes are  about 
l 5  percent fo r  the  smaller watersheds and 20 per- 
cent fo r  h ' ~ - 4 .  

Watershed s o i l s  are  i n  t h e  Garnasaw-Tomley- 
Pirum associa t ion ( ~ a l e y  1979). These s o i l s  a r e  
well  drained,  ur;iddrt.ting t o  s teep,  shallow t o  
noderately deep stony loam s o i l s  on h i l l s ,  
momtains,  r idges ,  and eo l luv ia l  areas.  The 
Carnasaw and TomLey s e r i e s  are  characterized by 
a t h i n  layer  of" 10m mater ia l  and unae~lying-  
clayey mater ia l  weathered from shale.  These 
se r i e s  a re  classed a s  clayey, mixed, thermic typ ic  
Bapludult s (u. S. DeparSnent of Agriculture 1975 ) . 
F i r m  s o i l s  a re  classed as Pine-lomy, s i l i c e o u ~ ,  
thermic typ ic  Wapludults. ALL of these soil 
se r i e s  a re  underlain ky t i l z e d  and fractured shale, 
sandstone, o r  quar tz i te .  

Annual precipi ta t ion  i r _  "ce stu6y area  
averaged 52.5 Lnehes tsetween 1961 and 1964 
(~ogerson 1971). Precipi ta t ion  a t  the  Alum. Fork 
c l i m t o l o g i c a l  s t a t i o n  10 n i l e s  east of t h e  catch- 
ments averaged 53.26 inches over a 30-year period 
(u. S. Departme& of Comerce 1981 1 ,  Average long- 
term monthly precipi-i;a"sicn ranges fro= abou~, 3.30 
inches i n  October t o  5.83 inches i n  May. Allnost 
a l l  p rec ip i t a t ion  is i n  t h e  form of r a i n ,  bu% 
l i g h t  snow falls a, few times each winter with an 
occasional heavy snowstorm. Aqnual temperature 
averages 62. l0P, and the  January and July means 
are  42.3OF and 8l,6"F, respectively.  Tize average 



growing season i s  21h days and extends from 
&larch 30 t o  Oc",obr 31. 

Vegetatiicn on WS-l an6 t h e  &rezt"ce& p a r t  of 
W-4 cons i s t s  p r i n a r i l j  of  an overstory 79- t o  
80-year-old shsrtleaf phne b inu us echina ta  &!ill.) 
with an occasional  doninar;t harc3mcd. Fine basal 
a r e a  averages iiboct 193 sqcare feet  per  acre .  I n  
1970, t h e  underst3ry on t h e  s ~ a b 2 e r  basins con- 
t a ined  about 34 square f e e t  of  basal a r ea  of  hard- 
woods, cons ts t ing  p r i m ~ r i l y  of a mixture of  white 
oak ( ~ u e r c ~ s  alba L.), northern red  oak (9. rubra  
L. ) , black oak (9. volut ina  L m .  ) , blackzack 
oak (Q. - marilan2iea Maenchh, ! , 6ogk~oc3 (cornus 
f l o r i d 8  2.1, red ma~lii. ( ~ c e r  rubr-m L. j , 
hickor ies  ( s ~ p .  ) and black ga"~, (Nyssa 
sy lva t  i c a  Marsh. ) . A Sex otker  t r e e ,  shrub,  and 
herkaceous specles occix l e s s  frer;l;-ently . Most 
of t h e  hardwoods a r e  Less than 30 f e e t  i n  he igh t ,  
and some a r e  l e s s  than  15 f e e t .  

Vegetation on WS-2 and WS-3 was a l t e r e d  dur- 
ing  s i l v i c u l t m a i  krcatarents i n  1970 and again i n  
1977. R shelterwood cut  was made i n  t h e  pine over- 
s to ry  on W-2 i n  1910, leaving aSout 60 square 
f e e t  of  pine basa l  a r ea ,  A l l  hardwoods an inch 
and 'larger a t  the root  c o l l a r  bTere i n j ec t ed  v i t h  
herb ic ides .  T3.ese deadened hardwoods were severed 
i n  1971. The watershed was sprayed th ree  t imes 
during t h e  next 7 years t o  cont ro l  competing 
vegeta t ion  and meas7jre herbicide concentrat ions 
i n  runoff (~awson 1976). Natural sho r t l ea f  pine 
regenerat ion developed r ap id ly  under t h e  she l t e r -  
wood overstory averaging about 1500 seedlings and 
small sapl ings  per acre  by 197?. The r e m i n i n g  
pine overstory was then  harvested.  Herbaceous 
cover consisted p r i ~ a r i l y  of  na%ive grasses and 
a few shrubs of varying dens i ty ,  depending on 
pine stocking.  The pine sapl ings  were precom- 
mercial ly thinned i n  1981 t o  about an 8-by-10 
foot  spacing. 

I n  19'70 all merchantable timber on WS-3 was 
harvested and t h e  har2-woods deade~ed  i n  t h e  s m e  
manner as  on WS-2. The elearcut  watershed was 
a l s o  sprayed with herbicide t h r e e  t imes.  Grass 
vegeta t ion  developed within two groving seasons 
on t h e  a r ea  and forxed a dense cover which was 
maintained t o  observe i t s  e f f e c t s  on s o i l  moistme 
l e v e l s  and water y i e ld .  in Ceee~be r  1916, t h e  
watershed was kwned t o  remove t h e  rough grass  
and p iac ted  with 1-0 sho r t l ea f  pixie seedlings 
a t  8-by-lO fcot  spacing o r  about 5h4 t r e e s  per  
ac re .  Spots where f i r s t  year surviva l  was Low 
were replanted  t h e  next d o r ~ a n t  season. Grass 
co-rer d e ~ e l o p e d  during tke f i r s t  growlcg season 
fc1Powing t h e  burn, No other  treafments were 
imposed on MS-3, 

F ie ld  l&asu re~en t  s 

Runoff from watersheds 1, 2 ,  and 3 was 
measured with 3-foot W-t;~e f l -mes  , and WS-4 with 
a 4.5-foot IT-flume, ail equipped with FW-1 water 
l e v e l  recorders .  One-liter w&er samples were 

automat ica l ly  col lec ted  as streamflow reached 
s tage  he ights  o f  0.95, 0.12, 0.20, 0.30, 0.50, 
0 '15 and 1.30 foot  i n  t h e  3-foot flumes a33 a t  
e d d i t i o n ~ l  h e i g h s  o f  1.50, 2.00 and 3-00 feet  
i n  t h e  4.5-foot f l m e .  Tlie technique develoged 
bj Sar t z  and Cmtis (19c7) allm-s sampling dur- 
i c g  t h e  r i s i n g  stages only and prevents puzglng 
a f t e r  cailectiox. SaAqles  were picket3 up as 
soon as possible after each runoff-producing 
storrs an? placed i n  c c l d  ntorage unti; examination. 

AEZ labora tory  analyses and measurements 
were perforxed by t h e  Universi ty c~f Arkansas Soil 
Test ing  Laboratory, using standard mthods  [u. 2. 
Environmental P r o t e c t i o ~  Agency 1976; 4merica.n 
P.&lic Health Association 1 9 7 ~ ) ~  Analyses of a l l  
indiv idual  elements were not made th roughou t the  
e n t i r e  study period due t o  Lack of ava i l ab l e  
a n a l y t i c a l  eqilipmeni; , or  insilf f i c i e a t  samples. 
Analyses were made on un f i l t e r ed  samples. 

The following determinations were made f o r  
each sample, except where sample quan t i t i e s  were 
i n su f f  i c i e n t  : hydrogen ion concentrat ion (PW) , 
i ron  ( ~ e )  , manganese (i"&i) , t o t a l  phosphorus f P) , 
potass i -m (K), calcium (Ca),  magnesilm ( ~ g ) ,  

n i a  ni trogen (NH~-N) , n i t r a t e  
(~10~1 , carbonate ~ c o ? )  , bicarbonate (WCR~! , 
s p e c i f i c  conductance, and t u r b i d i t y .  X 1 I  da ta  
are given i n  milligrams per l i t e r  (rng/l) except 
pH, spec i f  i c  conductance and t u r b i d i t y ,  which 
a r e  p H  pmhos /cm a t  25OC, and nepbelonetr ie  
t u r b i d i t y  w i t s  (IOU) , respect ive ly  . 

The water sample da ta  was s 
groups r e l a t i n g  t o  time periods:  t h e  f i r s t  per iod  
extending from 1973 t o  ea r ly  1977, and t h e  second 
period from 1977 i n t o  1981. These groups were 
anaLgzed separa te ly  because they  represented t h e  
break. goin t  between t h e  1410 post-treatment d a t a  
and t h a t  following t h e  1971 treatments being 
evaluated i n  t h i s  study. Also, t he re  were 
Laboratory analyses i n  t h e  second group t h a t  could 
not be performed e a r l i e r  due t o  lack  of equipment, 

I n  t h e  1973-197f per icd ,  t h e  number o f  s a ~ -  
ples f o r  most nu t r i en t s  ranged f ro2  12'7 on WS-3. 
t o  246 on WS-b, e x r e ~ t  f o r  Ca and NH3-M. The 
number on WS-l and WS-4 f o r  Ca ranged f r o m  73 30 
184 and for Pi+-N, l 4  t o  57. The nixziber per  
watershed i n  t h e  1977-1981 period general ly ranged 
frca 63 on WS-l t o  193 on WS-4, with s l i g h t l y  
lower ranges f o r  EGO3 and NO3. 

T3e experimental design ca l l ed  f o r  a split- 
p lo t  ana lys i s ,  bat an a l t e r n a t i v e  analys is  was 
used because of unbalanced d a t a ,  Thus, sGat is t ieal  
t e s t s  should be regarded as apprcximate. The 
a l t e r n a t i v e  s t a t i s t i c a l  analyses were performed 
using the General Linear Models Procedure pro- 
vided by S t a t i s t i c a l  A2alysi.s System I n s t i t u t e ,  
Inc . (1979). Each of t h e  measured p a r m e t e r s  
were considered t o  be t he  dependent va r i ab l e  i n  



t h e  analyses.  The nodel included watershed, 
m n t h  that saxples were co l l ec t ed  and t h e  i n t e r -  
ac t i on  of  wa-i;ersked and month. The ena lys is  
of variance test (TYPE IV) provided "Fff va;-aec 
and s i g l i f i c a n c e  p r ~ k a ~ 5 i l i t y  f o r  t h e  ~ 0 4 e l  and 
i d s  sources;  wa$ershed, month, i?,nd watershed x 
month In t e r ac t ion .  O ~ l y  p r o b a b i l i t i e s  of 0 .ill 
o r  less were considered s ign i f i can t  i n  a i l  t e s t s .  
3ifPerences between Beans were t e s t e d  using a 
leas% s i , ~ i f  icant  d i f ference  ~ r o c e d ~ x e  f o r  unequal 
replication ( s t e e l  and Torrie 1960). 

RESULTS &?? DISCUSSTON 

Several  f ac to r s  a f f ec t ing  i s t e r p r e t a t i o n  of 
r e su l z s  should be kepc i n  mind. F i r s t ,  due t c  
p rec ip i t a t i on  pa t t e rns  t he re  may be l i t t l e  o r  no 
runoff frorn these  ephemeral stremas i n  a given 
month coxpared with t h e  s&%e month i n  another 
year. A s imi l a r  va r i a t i on  m-ong seasons and 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 he re  a r e  some inherent  d i f ferences  i n  r - a o f f  
response among watersheds t h& af  f e c t  sampling 
frequency, Watershed 4 has t h e  g rea t e s t  vol~une of 
runoff and has "he highest  runoff -prec ip i ta t ion  
r a t i o .  DELta frorr, WS-4 a re  more representa t ive  of 
l a rge r  basins i n  t h e  Ouachita I4o~mtains than  da t a  
from t h e  o ther  watersheds. On WS-2 and WS-3, 
previous treatments have a l so  influenced runoff 
res2onses. Third,  antecedent s o i l  moist-me a f f e c t s  
t h e  a ~ ~ o - m t  of runoff and the re fo re  t h e  mount of 
leacking t h a t  takes  place i n  resporse t o  a storm, 
Thus, previous leaching may cause changes i n  
nu t r i en t  concentrat ions o r  o ther  chemical, and 
phys ica l  proper t ies  of  storm runoff .  Nutrient 
r e l ea se  i s  known t o  be a f f ec t ed  by s o i l  moisture 
and s o i l  temperatures ( P r i t c h e t t  and Wells 1978)-  

1.Iost concentrat ions of nu t r i en t s  found i n  
runoff were r e l a t i v e l y  low, especiall-J Fe, P,h, and 
P during t h e  1973-1977 period  able 1) and these  
nu t r i en t s  p lus  Mg i n  t h e  1971-1981 period  able 
2 ) .  The concerii;ra"cons of P, I!h and Mg were not 

Table l ,--Rutrient concentrat ions i n  rbmof f from 
t h e  A l m  Creek watersheds during t h e  1913-l977 
period.  

WS- 1 WS-2 WS- 3 
--------------- p- /I ----------- 

a& 

0.23~~ O.lga O.%Oa 

* Means followed by t h e  same l e t t e r  i n  a l i n e  a r e  
not s i g n i f i c a a t k ~  d i f f e r en t  a t  t h e  -01 l e v e l .  

Table 2 .--1it:trient aoncentrat l3as i n  runoff  from 
t h e  Aim Creek baa%erst-eds during the  L917-1981 
period.  

ws- I WS- 2 ns- 3 ws-4 
--------------- mg/l------------------ 
0.99 C? .12k 0.21~ 3.11% ik 

* ?.leans followed by the  same l e t t e r  i n  a l i n e  are 
not s i g n i f i c a n t l y  d i f f e r en t  zit the  -01 l e v e l .  

s i g n i f i c a n t l y  d i f f e r en t  among t h e  watersheds o r  
months. However, Ick l e v e l s  from WS-2 an& WS-3 
more than  docbled those  from WS-1 and WS-4 during 
1977 t h e  f i r s t  year a f t e r  t reatment.  Only small 
d i f ferences  amng a l l  watersheds occurred i n  o ther  
years .  Phosphorus movement was not expected t o  be 
influenced by t h e  treatments s ince  vegeta t ive  
changes usual ly  increase so lu t ion  P only s l i g h t l y  
( ~ r i t c h e t t  and iqelis 1978). The l eve l s  of  Fe i n  
t h e  e a r l y  period ranged from 0 '3.7 t o  0 '23 mg/l 
and t h e r e  were no s ign i f i can t  d i f ferences  among 
t h e  four  watersheds. In  t h e  1977-1981 per iod ,  t h e  
l e v e l  of Fe from t h e  burned watershed (I=-3) was 
s i g n i f i c a n t l y  higher than t h e  coccentrat  ions f ro= 
t h e  o ther  watersheds. Concentrations of  Fe from 
WS-3 were highest  i n  1311 and 1978, reaching about 
0.4 mg/l ( f i g .  I ) .  The causes of t he  increased 
l e v e l s  of Fe are not known. Fe concentrat ions a r e  
s t rongly  associa ted  wi-th month o r  season of t h e  
year ( f i g .  2 ) .  The highest  l eve l s  occurred i n  
Apri l  w i " L  a. small peak i n  e a r l y  f a l l .  

Concentrations of Ca i n  runoff var ied  
~ i ~ i f i c a n t l y  among the  four watersheds i n  the 
i977-l981 per iod ,  and K follokzed t h e  sitme t r e n d  
I n  both periods.  LeTrels of both nu t r i en t s  were 
highest  i n  'FiS-2 and lo14es-k i n  WE-4 r u o f f .  Lower 
coneeatrat ions of t he se  and severa l  o ther  n u t r i e n t s  
IIZ runoff frcrr, WS-4 may be due t o  i t s  much higher 
f low voixxie r e l a t i v e  t o  p rec ip i t a t i on ,  Ca and K 
showed s ign i f i can t  seasonal  t r e a d s  during both 
per iods ,  with K %:so showing an i n t e r ac t ion  be- 
tween watershed and mont3, The in t e r ac t ion  i s  
evidenced by incons is ten t  ranking of watersheds 
over time i n  Figne 3. The t h e e  srnaller water- 
sheds had higher concentrat ions than 138-4. Data 
from t h e  1973-1977 per icd  showed s imi lar  t r ends .  
Calcium showed the same t r end  i n  t h e  1977-1981 
per iod ,  but was genera l ly  mre va r i ab l e .  Burning 
on VS-3 did  not r e s u l t  i n  increased eoncentrat ions 
of e i t h e r  n u t r i e n t ,  although some increase i s  



normally expected ( ~ r i t c k e t d  m-d Wells 1978). 
There was no runoff from WS-3 f a r  nearly two rnonths 
a f t e r  t h e  burn, which would ailow these  ca t ions  t o  
be leached. i n t o  the s o i l  and absorbed before i c t e r -  
flow occurred. 

period.  Differences i n  l eve l s  of NH3-B between 
t h e  two periods mgy be due t o  more accurate 
analy-bical techniques and a much grea ter  nmber  of 
sm2Les i n  t h e  1977-1981 gerioh.  A s i g n i f i c a n t  
d i f ference  i n  NH2-N l eve l s  occ-ured among months 
i n  -the 1 ~ j 7 7 - l 9 8 l ~ ~ e r i c d ,  wizl?, WS-I showing t h e  
highest  l e v e l s  ( f i g .  h ) .  Causes of the  peaks i n  
March acd FJovember on WS-l aria Eove~ber on WS-2 
cannot be explained,  but they are based on 1 t o  
10 sm.ples co l lec ted  i n  3 years. C-cneral t r ends  
indicatie higher NH3-N levels f r c n  I&te sp r ing  t o  
e a r l y  f a l l .  

1 2 3 4  1 2 3 4  I 2 3 4  1 2 3 4  

Watershed Number 

Figure l .--Average coneentrat ions of Fe i n  runoff 
by watershed and year.  
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Figure b .---.Average concentrat ions of 1Vd3-E i n  
runoff by watersbed d u r i n g  t h e  1917-1981 
per iod .  / \ ,ALL WATERSHEDS 

,WS-3 

Ni t r a t e  ( ~ 6 ~ )  l eve l s  ranged from 2 -3 t o  
2.9 mg/L and t h e r e  were no s ign i f i can t  d i f ferences  
mong t h e  wa%ersheds  p able 21,  althcugh runoff" 
from t h e  two t r e a t e d  watersheds had t h e  highest  
concentrat ions . 

J F M A M J J A S O N D  

Month 

Figure 2 .--Average monthly concentrat ions i n  Fe 
in runoff on WS-3 and a l l  watersheds during t h e  
1917-198l period.  

Concentrstions of Ma ic runoff were highest  
from WS-2 and Lowest from WS-1 i n  bcth per iods ,  
but only s i g n i f i c a n t l y  d i f f e r en t  in t h e  e a r l y  
period.  The general ly low l eve l s  of Na found i n  
runoff are expected s ince  s o i l s  i r i  t he  area a r e  
low i n  t h i s  n u t r i e c t .  Reasons f o r  t he  d i f ferences  
in Na l e v e l s  among watersheds a r e  nct  known, but 
t h e  higher l eve l s  on WS-2 and WS-3 nay be re- 
f l e c t i n g  responses from vegetat ive changes made 
i n  t h e  f i r s t  cu t t i ng  Lreacments. In  t h e  early 
per iod ,  Na concentrat ions were s ignLSicmtLy re- 
l a t e 2  t o  months, but did  not r e f l e c t  seasonal  
changes . 

WS- i\ 
i i., 

E i c a r b o n ~ t e  ( ~ c B ~  ) emcen t r a t  ions ranged 
f ron  9.6 t o  13.1 mg/l, with no s ign i f i can t  
d i f ferences  mong the  watersheds  able 2 ) .  Levels 
of  WCC3 were signif i c a rz ly  associ  a ted  w i t h  montk, 
but t h e  data showed no seasonal  t r ends .  The HG03 
l eve l s  found i n  t h i s  s-cxly a r e  very c lose  t o  those  
reported from s t r e m f l o v  i n  Coiorado (Lewis and 
Grant 5919). X l a rge  number of  water samples w e r e  
also analyzed f o r  carbocate ( C03 , b-i;S it w a s  rare- 
l y  detected.  

0 
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Figure 3,--Merage concerit;rations of  K i n  rurqoff 
by wat;ersbed during t h e  15377-1981 period.  

C-mcnia ni trogez ( K H ~ - K )  i n  runoff var ied  
signif lcarrbiy a~zong the  watersheds i n  both periods 
( ~ a b l e s  I_ and 2 ) , with hWli- laving t he  highest  an& 
WS-4 the  lowest levels. Hig3er levels of  MB3-M 
from WS-l were very cons is ten t  throughout t h e  study 

A s p e c i f i c  conductance of 20.0 @os/cm ic 
runoff sazzples from WS-i, was signif ican~,l :J  lower 



than  t h e  o ther  watersheds (Table 3 ) .  S a p l e s  from 
t h e  c learcut  watershed (VS-3) a l so  had s igni -  
f i c a n t l y  lower conductance than  WS-1 and W S - 2 .  A 
seasonal  t r end  i s  apparent from t h e  s i g n i f i c a n t l y  
d i f f e r e n t  monthly averages, with t h e  highest  l eve l s  
occurr ing  i n  l a t e  s r and f a l l  ( f i g .  5 ) .  The 
average f o r  Ju ly  was t h e  lowest f o r  any month on 
a l l  watersheds except WS-3. Data f o r  Ju ly  was 
only col lec ted  f o r  1978 and 1979 due Lo l ack  of  
runoff i n  o ther  years ,  and nray not represent  
normal t r ends .  Average conductance l e v e l s  found 
i n  runoff  from these  watersheds a r e  r e l a t i v e l y  
low, i nd i ca t ing  small  amuunts of  dissolved 
minerals .  

Table 3.--Levels of  pH, s p e c i f i c  conductance and 
t u r b i d i t y  i n  runoff  during t h e  1977-1981 
per iod  . 

Par m e t e r  - - - -  W1 WS-2 WS-3 WS-4 

pH 4.87a 5 . 4 2 ~  5.13b 5 .08b*  

Cond. (phos /cm)  2 7 . 5 ~  2 8 . 9 ~  23.4% 20.0a 

Turbid i ty  (mu) 10.8a 18.18 32 .ha 10.0a 

Hi- concentrat ions ( p ~ )  i n  runoff during t h e  
1977-1981 period were s i g n i f i c a n t l y  lower on W S - 1  
than  a l l  o ther  watersheds f ~ a b l e  3 ) .  Average pH 
of  runoff water from WS-2 was a l s o  s i ~ i f i c a n t l y  
higher than  WS-3 and WS-4, in t h e  1913-1917 
per iod ,  d i f ferences  mang t h e  watersheds were not 
s i g n i f i c a n t ,  but  monthly averages were. Average 
annual pB values snow t h e  d i f ferences  w n g  water- 
sheds,  with WS-1 and WE-2 r e f l e c t i n g  t h e  extremes 
( f i g .  6). The p lo t t ed  da t a  a l s o  indica te  a general  
dec l ine  i n  pH l e v e l s  from 1976 t o  1978. The cause 
of  t h i s  change i s  not known, although atmospheric 
depos i t ion  i s  suggested, Watersheds 3 and 4 seem 
t o  be recovering from t h e  1978 low. The s l i g h t  
dec l ine  i n  1981 on WS-1 and WS-2 may be showing 
seasonal  e f f e c t s  s ince  t h e  da t a  represent  only t h e  
f i r s t  6 months of  t h e  year.  A s imi lar  dec l ine  i n  
pH of sur face  water ,  but of l e s s e r  magnitude, was 
found i n  I l l i n o i s  during t h e  same time period 
( ~ r o z k a ,  Rolfe and Arnold 1981). Monthly 
d i f ferences  i n  pN during t h e  e a r l y  period suggest 
t h a t  seasonal  t r ends  e x i s t  ( f i g .  7 ) .  Average pH 
tended t o  increase i n  t h e  spr ing  and ea r ly  summer 
months when p r e c i p i t a t i o n  i s  g r e a t e s t ,  then  de- 
c l i n e  i n  t h e  d r i e r  months u n t i l  s o i l  water re -  
charge begins and temperatures decline i n  t h e  f a l l .  

* Means followed by t h e  same l e t t e r  i n  a l i n e  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  . O 1  l e v e l .  
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Figure $ .--Average monthly spec i f  i c  conductance 
of  runoff from a l l  watersheds combined f o r  t h e  
1977-1981 period.  

Average t u r b i d i t i e s  ranged from about 10 t o  
32 HTU, but d i f ferences  among t h e  four  watersheds 
were not s ign i f i can t .  The two mdi s tu rbed  a reas  
had t h e  lowest t u r b i d i t i e s  i n  runoff water ,  
followed i n  order by t h e  shelterwood removal and 
clearcut-burn areas .  This sequence follows t h e  
expected pa t t e rn  based on r e l a t i v e  sur face  d is -  
turbance i n  t h e  watersheds, However, most sedi-  
ment from t h e  two d is turbed  watersheds probably 
came from t h e  stream channels, s ince  t h e  ground 
sur face  general ly had some l i t t e r  o r  vegeta t ive  
cover except t h e  c learcut  a r ea  i m e d i a t e l y  a f t e r  
t h e  burn. The f a c t  t h a t  t u r b i d i t i e s  a l s o  a r e  
a f fec ted  by o ther  impur i t ies ,  such a s  organic 
compom-ds, should be borne i n  mind i n  assess ing  
r e s u l t s .  

4 5  t \ws-4 
WS-I 
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Figure 6.--Average pH of runoff by watershed and 
year .  
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Figure ?.--Average monthly pH of runoff from a l l  
watersheds combined f o r  t h e  1973-i97? period.  

Overal l  nu t r i en t  l e v e l s  and o ther  p rope r t i e s  
of  runoff from t h e  four watersheds were genera l ly  
within t h e  range of  those  previously reported i n  
o ther  a reas  ( ~ o n d  1979; Brozka, Rolfe and Arnold 
1981; Gouglass ~ n d  Swank 1975; Hewlett 1979; 
Lewis and Grant 1919; Peterson and Rolfe 1982). 





BIOLOGICAL RELATIONSHIPS BETWEEN WILDLIFE 

11 21  AND SOUTHERN FORESTS: STATE OF THE ART- - 

Ernest  A. Gluesing and Donna M. ~ i e l d 3 '  

Abstract--The l i t e r a t u r e  was reviewed t o  determine t he  s t a t e  
o f  cu r ren t  knowledge about the  func t iona l  r e l a t i onsh ips  
between wi 1 d l  i f e  and southern f o r e s t  ecosys terns. Food h a b i t  
s tudies were examined f o r  know1 edge on n u t r i  t i on ,  d iges t ion ,  
energet ics,  and d i e t  preference. Home range s tud ies  were 
examined f o r  energet ics.  The reviewed suggest t h a t  even 
though a subs tan t ia l  number o f  food hab i t s  and home range 
studies have been conducted on a v a r i e t y  o f  species, l i t t l e  
i s  known about how the  n u t r i t i o n a l  va lue o f  foods and changes 
i n  d i e t  composit ion a f f e c t  growth, su rv i va l  o r  reproduct ion.  
S i m i l a r l y ,  l i t t l e  i s  known about the  b ioenerge t ics  o f  home 
range, the minimum amount o f  h a b i t a t  a species requires,  o r  
how changes i n  vegeta t i ve  s t r u c t u r e  and species dens i ty  
a f f e c t  the dynamics o f  animal communities. 

l /Paper presented a t  Southern S i l  v i c u l  t u r a l  Research Conference, A t lan ta ,  Georgia, November 4-5, 
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IMPACTS OF SILVICULTURAL 

PRACTICES IN LOBLOLLY PINE PLANTATIONS 

ON WHITE-TAI LED DEER  HABITAT^^ 
3 / George A. tlurstZ/ and Randy C. Warrew 

-- - -  

Abstract. --Si lvicul tural practices such as burning, thinning, 
spraying, and fertilizing within pine plantations impact on 
whi te-tail  ed deer food (forage, mast) quantity, qua1 i ty, 
digestibility, palatability, and availability. Other aspects 
of deer food, namely diversity, s tabil i ty,  and distribution 
(spatial,  seasonal), and cover, are affected by practices 
within and between plantations, such as setting (stand) s i t e  
preparation, size, shape and situation (interspersion). 

INTRODUCTION 

To meet the Nation's future demand for 
wood products about 30 million acres of idle 
or poorly stocked pine si tes  will have to be 
planted to high yield pine plantations (Mann 
1975). During an average year 1.53 mil I ion 
acres of private and public land across the 
South are planted to pine (Sou. For. Institute 
1979), and a t  the end of 1978 there were about 
12 mill ion acres of pine plantations in the 
Southeast (Knight and Shef f i el d 1980). Rotati on 
length might be 35 years and management will be 
intensive (Koch 1980). 

Whi te-tailed deer (Odocoileus vi rginianus) 
populations across the South have greatly 
increased in the past several decades and are 
a very important game species (Steffen 1981). 
The purpose of this paper i s  to summarize the 
impacts of silvicul tural practices in pine 
plantations and deer habitat conditions. 

METHODS 

Loblol ly pine (Pinus taeda) plantations in 
east central Mississippi and west central Alabama 
were studied from 1971-82. Plantations were 

l/Paper presented a t  Southern Si 1 vicul tural 
~eseaFch Conference, Atlanta, Georgia, November 
4-5, 1982. 

2/Professor, Dept. Wildlife & Fish., Miss. 
State-univ., Miss State, MS 39762. 

3/Research Assoc., Degt. Wildlife and - 
Fish., Miss. State Univ. Miss. State, MS 39762. 

located in the interior flatwoods (avg. SI 68 f t )  
and hi1 1s (avg. SI 64 f t )  on a 25-year base and 
most plantations were on si tes  fomerly occupied 
by pine-hardwood forests. The forests were 
clearcut, s i t e  prepared (tree crush and burn; 
mist-blow and tree-inject; or shear, rake, disk, 
and bed), a n d  were hand-planted on an  average 
spacing of 7 x 8 f t .  Plantation size varied 
from 80 to 640 acres. 

Deer forage (grass, forb, vine, woody) 
abundance on treated (burned, thinned, e tc . )  and 
untreated pine plantations was determined by the 
ranked-set sampl i ng method (Hal 1 s and Dell 1966). 
Samples were taken in the peak of biomass period, 
August, and during the period of minimum forage 
abundance, February. Only new-growth, green, 
palatable parts of plant species usually eaten 
by deer in this area (Warren and Hurst 1981) were 
hand-picked or clipped to a height of 5 f t ,  
placed in paper bags, oven-dried for 72 hours a t  
176" F, and weighed. 

RESULTS 

Forage i n  Untreated Plantations 

Deer forage in August was least abundant on 
l-year-old plantations that had received the  most 
intensive s i t e  preparation, bed or bed and apply 
an herbicide. No differences in forage related to 
type of s i t e  preparation were detected af ter  age 1, 

Forage increased on plantations f r m  age 
2-4 and peaked a t  age 5 a t  about 500 I bs/ac. 
Forage decl ined during the next 5 years to 108 
1 bs/ac (age 10) and 50 lbs/ac a t  age 12 (Hurst 
and Warren 1980). I n  February forage averaged 



77 l b s l a c  a t  age 1, 21  l b s l a c  a t  age 5, and 4 
1 bs/ac ad age 12 (Hurst  and Warren 1980). Deer 
forage on any g iven area would be a f f ec ted  by 
so i  1 / s i t e  condi t ions ,  spacing and seedl i n g  
s u r v i v a l  ra te .  

Mature pine-hardwood fo res ts ,  t he  type being 
c o n v e r t 4  t o  p ine p lan ta t ions ,  had 64 1 bs/ac 
(Rug,) and 7 fbsfac (Feb,) o f  deer forage. The 
f o res t s  a l so  produced an average o f  36 1 bs/ac o f  
acorns (d r y  wt. j and about 8 1 bs/ac o f  o ther  
hard and s o f t  mast (Husst and Warren 1980), 

Forage i n  Treated P lan ta t ions  

Burning, t h i nn ing  (precommercial and 
commercial 1, f e r t i l  i z i  ng, and combinations o f  
these prac t i ces  increased deer forage abundance 
i n  February ( f i g ,  1 ) .  The use o f  herbic ides 
f o r  p ine  re lease would decrease deer Forage 
i n  February. 

F igure  1.--Deer forage i n  February on untreated 
and t r ea ted  L o b l o l l y  Pine P lan ta t ions .  

Herbic ides used f o r  p ine  re lease i n  4- 
and 5-year-old p lan ta t ions  reduced deer forage 
i n  August by 46%. Some recovery of forage 
was noted i n  the second growing season a f t e r  
spraying (Easley 1977). 

Contro l  l e d  burning o f  p l an ta t i ons  i n  l a t e  
w in te r  a t  ages 5, 7, 10 and 13 increased deer 
forage i n  August t o  544, 579, 244, and 235 
lbs/ac respec t ive ly .  The increases amounted t o  
26, 63, 68, and 94% above forage amounts i n  
unburned p lan ta t ions .  Forage decl  ined 52% (age 
9 )  and 33% (age 12) i n  t he  second year a f t e r  
burning. Burning brought the  forage i n t o  t he  
deer" feeding l eve l  (up t o  5 f t ) ,  and promoted 
new-growth on a17 vegetat ion (Hurst  and Warren 
1980, Hurs t e t  a1 . 1980). 

Precommercial t h i nn ing  t o  450 t reesfac a t  
agq 7 increased deer forage i n  August from an 
average o f  300 1 bs/ac on unthinned p l o t s  t o  578 

lbs/ac on th inned p l o t s  i n  the f i r s t  and second 
years a f t e r  treatment. In August o f  the  t h i r d  
year  a f t e r  t h i nn ing  there  were 291 l b s l a c  on 
th inned p l o t s  and 181 l b s  fac on unthinned p l o t s  
(Hurst  and Warren 1980). 

Precommercial t h i nn ing  and con t ro l  burn ing 
o f  a I -year -o ld  g l an ta t l on  resu l t ed  i n  544 
I bslac o f  forage on t h i  nned-burned p l o t s  compared 
t o  114 lbsfac on untreated p l o t s  the f i r s t  August 
a f t e r  treatment, and 555 f bs/ac ( t r ea ted )  compared 
t o  137 1 bs fac ( c o n t r o l )  i n  the second August 
(Hurs t  e t  a1 * 1980). 

Precommercial t h i nn ing  and P e r t i l  i z i  ng 
(urea)  produced more (648 1 bs/ac) forage than 
j u s t  t h i nn ing  (575 1 bs lac)  t he  f i r s t  August 
a f t e r  treatment. The second year a f t e r  t r e a t -  
ment there  was no d i f f e rence  between thinned- 
f e r t i l i z e d  (544 lbs /ac)  and thinned (513 lSs /  
ac ) (Hurs t and Warren 1980). 

A 7-year-old p l an ta t i on  t h a t  had 235 l b s l a c  
o f  forage (August 1977) was f e r t i l i z e d  (urea)  i n  
March 1978 and forage increased t o  430 lbs/ac i n  
August 1978. Forage decl i ned t o  185 1 bs/ac t he  
next  August (age 9) (Hurst  e t  a l e  1982), 

Precommercial t h i nn ing  and pruning up t o  
9 f t  (avg. t r e e  he igh t  o f  18 f t )  was conducted 
on 8-year-old p lan ta t ions ,  and i t  appeared t h a t  
pruning would prof  ong the  increase i n  deer 
forage caused by th inn ing .  

Commercial t h i  nn i  ng and con t ro l  burn ing o f  
13-year-ol d p l an ta t i ons  increased deer forage 
t o  291 lbs/ac (age 13) and 383 lbs/ac (age 14). 
These same p lan ta t i ons  had an avera 
ac a t  age 12 (Wurst and Warren 1982 

Other Beer Foods 

I n  add i t i on  t o  forage, deer eat  hard and 
s o f t  mast and f leshy fung i  (mushrooms). Clear- 
c u t t i n g  and i n tens i ve  sf  t e  preparat ion removed 
most of the  hard mast p o t e n t i a l  from p lan ta t ions ,  
and use o f  herbic ides and f i r e  i n  shor t  r o t a t i o n s  
w i l l  no t  permi t  much hard mast production. 

The amount and v a r i e t y  o f  s o f t  mast produced 
by trees, v ines and shrubs i n  mature pine-hardwood 
f o res t s  was decreased by conversion t o  p lan ta t ions .  
Some f o r e s t  species, e .;. dogwood ( co rn i s  f l o r i d a )  
and b lack gum ), produced f r u i t  
i n  young p l a n t  d Hurs t 1980). 
s o f t  mast product ion peaked a t  83 1 bs/ac on 
5-year-ola p lan ta t ions ,  bu t  t he  f r u i t  produced 
w& most ly  b lackber ry  (Rubus ), which 
f r u i t s  i n  t he  summer. Burned windrows had t he  
h ighest  f r u i t  product ion (Campo and Wurst 1980), 
S o f t  mast p roduc t ion  appeared t o  increase a f t e r  
commercial t h i nn ing  o f  p lan ta t ions .  Length o f  
burning r o t a t i o n s  w i l l  a f f e c t  s o f t  mast produc- 
t i o n  i n  p lan ta t ions .  



Mushrooms were very abundant in the winter 
months on burned windrows of bedded plantations 
a t  age 1 and 2 then declined rapidly a t  age 3. 
Pi ne-hardwood forests had more mushroom biomass 
than pine plantations in non-winter months and 
plantations over 4-years-old (Hurst and Johnson 
1980). Mus hrom abundance seemed to increase 
in commercially thinned-burned plantations. 

Other Deer Habitat Conditions 

Beer cover requirements in the southeast 
are not well documented, b u t  i t  i s  generally 
be1 ieved there are no special cover types. 
Qua1 i tative characteristics of deer cover have 
not been described. Vegetative density and 
structure of pine plantations i s  usual ly dense, 
" jungle-1 i ke, " and provides adequate cover. 
Cover i s  lacking on intensively s i t e  prepared 
tracts well into the f i r s t  growing season. Deer 
do use the very open, bedded-sprayed tracts for 
foraging even in the f i r s t  growing season. 

Water i s  not thought to be a limiting factor 
for deer in the South. Major plant species eaten 
by deer in plantations contained an average of 
65% water (Mawk 1976). Establishment of stream- 
side management zones, hardwood leave str ips,  
f i r e  suppression ponds, and water holes for wild- 
l i f e  maintain or increase water sources for deer. 

Other'Forest Management Practices 

Streamside management zones on major streams 
and creeks and Hardwood Leave Strips on narrow 
(inaccessible) drainage-ways provided cover, some 
mast, travel lanes, and forage (Hurst and Warren 
1980). 

Access roads within plantations were planted 
to grass/clover which provided cool season forage. 
Company and county roads were day-lighted which 
increased deer forage production on roadsides. 

DISCUSSION 

Important components of deer habitat are 
food, cover, water, and space. Apparently 
southern deer do not have any special reproduc- 
t i  ve or su rvi va 1 requ i rement s wi t h regard to 
cover. Space and water are seldom limiting 
factors. Food i s  the cri t ical  factor b u t  habitat 
capacity can not be evaluated solely on available, 
preferred forage dry matter (Blair e t  a1 . 1977). 
Some attributes of food are quantity, qual i ty 
(nutritional content), distribution (spatial,  
temporal /seasonal ), palatabi 1 i ty (plant charac- 
te r i  s t ics  such as chemical content, succulence) , 
digestibility, availability (within deer's 
feeding range, u p  to 5 f t )  , and diversity (vege- 
tative types). Sil vicul tural practices directly 
or indirectly affect a1 1 aspects relating to 
deer food. 

Burning, thinning, pruning, and fert i l izing 
increased deer forage abundance in pine planta- 
tions. The increases in forage must be considered 
temporary, lasting only 1 year i f  just burning 
or fert i l izing occurred, and perhaps 2 to 3 
years for c~mbinations of burn-thin, thin- 
f e r t i  1 ize. Browse plants growing in openings 
(thinned plantations) not only yield more twig 
growth (browse) b u t  also produce more f ru i t  
(Hal 1s and Alcaniz 1968). 

Herbicides reduced deer forage abundance, 
bu t  by top-kill ing the competing hardwood brush 
layer some sprouts and more desirable vegetation 
(vines, forbs) might result (Blair and Feduccia 
1977). 

Silvicul tural practices a1 so affect 
forage qual i ty. Burning improved forage pal a- 
tabil i ty, availability, and nutritional (protein, 
Ca, P )  content (Lay 1957, Stransky and Halls 
1976). Fire maintained forage productivity and 
increased digesti bil i ty (Lewis e t  a1 . 1982). 
Rapidly growing, succulent plant tissues were 
more nutritious and more digestible (Blair e t  
a1 . 1977). Fertilizing plantations resulted in 
significant increases in deer forage (Kinard 
1977, Hurst e t  al .  1982); however, nutrient 
content of forage from fertilized si tes  was not 
significantly greater than that from unferti 1 ized 
s i tes  (Kinard 1977). Plants (forage) from 
fertilized areas could be of increased value to 
deer in that they are more succulent (new-growth, 
rapid growth) thus more palatable and more 
digestible, yielding more metabolic energy 
(Heady 1964). 

Deer have food preferences, which are a 
function of palatability. Palatabil ity i s  
determined by plant characteristics (chemical 
content, succulence, etc. ). Silvicul tural 
practices affect plant growth and contents--deer 
forage quality. Deer ate plant species usually 
rated as undesirable for deer on recently burned 
plantations (Warren and Hurst 1981). The same 
relationship probably exists with plants on 
fertilized plantations. 

Deer feed upon a variety of plant types or 
parts and i t  has been documented that nutrient 
yield and digestibility of deer forage varies by 
season in pine plantations (Blair et  a l .  1977). 
The importance of having a diversity of vegeta- 
tion to insure adequate nutrient levels has been 
demonstrated (Varner e t  al.  1977). Plant diver- 
s i ty can be accomplished through silvicultural 
practices and planning, to provide various 
successional stages or habitat types (age 
classes). Food diversity can be planned, 
manipulated through setting (stand) size, shape, 
and situation (surrounding age classes, habitat 
types). The s i  l vicul turist/forest manager 
manipulates deer habitat and he can increase 
interspersion (juxtaposition, edge, diversity) 
by planning pine plantation establishment and 
practices. 



LITERATURE CITED 

B l a i r ,  R.M., H.L. Short, and E.A. Epps, J r .  
1977. Seasonal n u t r i e n t  y i e l d  and d i g e s t i -  

b i l i t y  o f  deer forage from a young p ine  
p l an ta t i on .  J. W i l d l .  Manage. 41:667-676. 
, and D.P. Feduccia. 

1977. Mids to ry  hardwoods i n h i b i t  deer forage 
i n  l o b l o l l y  p ine p lan ta t ions .  J. W i l d l .  
Manage, 41  :677-684. 

Campo, J.J., and G,A. Hurs t  
1980. S o f t  mast p roduc t ion  i n  young l o b l o l l y  

p lan ta t ions .  Proc, Ann. Conf. S.E. Assoc. 
F i sh  & W i l d l .  Agencies 34:470-475. 

Easley, J.M. 
1977. E f f ec t s  o f  chemical brush con t ro l  on 

vegetat ion i n  p ine p lan ta t ions ,  Kemper 
County, MS. M.S. Thesis, Miss. S ta te  Univ. 
45 p. 

Ha l l s ,  L.K. and T.R. De l l .  
1966. T r i a l  o f  ranked-set sampling f o r  forage 

v i e l ds .  For. Sci .  12:22-26. 
, and R. Alcaniz. 

1968. Browse ~ l a n t s  y i e l d  best  i n  f o r e s t  
openings. j. ~i 1 d i  . Manage. 32: 185-186. 

Heady, H.F. 
1964. P a l a t a b i l i t y  o f  herbage and animal pre- 

ference. 3. Range Manage. 17: 76-83. 
Hurst ,  G .  A. , and J .C. Johnson. 

1980. Mushroom biomass on burned windrows 
and mixed p i  ne-hardwood fo res ts .  T h i r d  
Southeast Deer Study Group Meeting, 
Nacogdoches, TX. l p .  
, and R,C. Warren. 

1980, I n tens i ve  p i ne  p l a n t a t i o n  management and 
wh i t e - t a i l ed  deer hab i t a t .  Pages 90-102 
I n t e g r a t i n g  t imber and wi 1 d l  i f e  management 
i n  southern fo res ts .  R.H. Chabreck and R-H. 
M i l l s ,  eds. 29th Ann. For. Symp., LSU, 
Baton Rouge. 119 p. 
, J - 3 .  Campo, and M .B. Brooks. 

1980. Deer forage i n  a burned and burned- 
th inned p ine  p l an ta t i on .  Proc. Ann. Conf. 
S.E. Assoc. F ish & W i l d l .  Agencies 34~476-  
481. 

-9  - a n d  * 
1982. E f f ec t s  o f  precommercial t h i nn ing  and 

f e r t i l i z i n g  on deer forage i n  l o b l o l l y  p ine  
p lan ta t ions .  S.J. Applied. For. 6:140-144. 
, and R.C. Warren. 

1982. Deer forage i n  13-year-01 d commerci a1 l y  
thinned and burned lob101 l y  p ine  p lan ta -  
t ions .  Proc. Ann, Conf. S.E. Assoc. F ish  
& Wi ld l .  Agencies 36: ( i n  press). 

Kinard, F.W. 
1977. Phosphorus f e r t i l  i z a t i o n  and n u t r i e n t  

composit ion o f  forage. Proc. Ann, Conf. 
S.E. Assoc. F ish  & W i l d l .  Agencies 31:24-28. 

Knight, H., and R.M. She f f i e l d ,  
1980. Thinning oppo r tun i t i es  i n  p ine  p lanta-  

t i ons  i n  the  Southeast dur ing the  1980's. 
Pages 18-26 in Thinning southern p i ne  plan- 
t a t i ons :  i n t e g r a t i n g  economics and b io logy.  
Proc. South. For. Econ. Workshop. For. and 
Harvest ing T ra in i ng  Center. Long Beach, MS. 
157 p. 

Koch, P. 
1980. Concept f o r  southern p ine  p l a n t a t i o n  

operat ion i n  the year 2020. J. For. 78: 
78-82. 

Lay, D.W. 
1957. Browse q u a l i t y  and t he  e f f e c t s  o f  

prescr ibed burning i n  southern fo res ts .  J. 
For. 55:342-347. 

Lewi s, C. E. , H. E. Grelen, and G. E. Probasco. 
1982, Prescr ibed burning i n  southern f o r e s t  

and rangeland improves forage and i t s  use. 
South. J. Appl. For. 6:19-25. 

Mann, W .  R. 
1975, Progress and trends i n  a r t i f i c i a l  

regeneration. For. Farmer Manual 48-50. 
Mawk, J.D. 

1976. Food hab i t s  o f  wh i t e - t a i l ed  deer and 
proximate analyses o f  some important  deer 
food p l an t s  i n  east  cen t ra l  M i ss i ss i pp i .  
M.S. Thesis, Miss. S ta te  Univ. 36 p. 

Southern Forest  I n s t i t u t e .  
1979. South's f o r e s t  i ndus t r y  p l an t s  629 

m i l l i o n  new t rees:  i s  t h a t  enough? Sou. 
Pulp and Paper Manufacturer 42:15. 

Stef fen,  D.E. 
1981. M i ss i ss i pp i  ma i l  survey o f  game harves t  

and hunter  e f f o r t  f o r  1980-81. Fed. A id  
Pro j .  No. W-48-28 (Job VI-1). Miss. Dept. 
Wi ld l .  Conser., Jackson. 87 p. 

Stransky, J.J.,  and L.K. Ha l l s .  
1976. Browse q u a l i t y  a f f ec ted  by p ine s i t e  

p repara t ion  i n  eas t  Texas. Proc. Annu, 
Conf. S.E. Assoc. F ish  & Wi ld l .  Agencies 
30:507-512. 

Varner, L.W., L.H. Blankenskip, and G.W. Lynch. 
1977. Seasonal changes i n  n u t r i t i v e  value o f  

deer food p l an t s  i n  south Texas. Proc. Ann. 
Conf. S.E. Assoc. F ish  & Wi ld l .  Agencies 31: 
99-106. 

Warren, R.C., and G.A. Hurst.  
1981. Ratings o f  p lan ts  i n  p ine p l an ta t i ons  as 

wh i t e - t a i l ed  deer food. In fo rmat ion  B u l l .  
18, Miss. Agr icu l .  and Forestry Exper. Stn., 
Miss. State. 14 p. 



SQUIFUEL DEN TREE WAGEmNT: REDUCING 

Jimmy C. ~ u n t l e ~ L /  

Abstract.--Characteristics and d e n s i t i e s  of eas tern  gray 
s q u i r r e l  den t r e e s  i n  f i v e  upland hardwood h a b i t a t s  on the  
Cumberland Plateau were determined. The r e l a t i onsh ips  between 
species ,  s i z e ,  age, and vigor of t r e e s  usefu l  f o r  s e l ec t ing  
the  bes t  cur rent  and po ten t i a l  den t r e e s  a r e  discussed. Squir- 
r e l  dens i t i e s  were est imated with time-area counts. Mast pro- 
duction no t  l ack  of dens l imi t ed  s q u i r r e l  populations. Manage- 
ment recommendations t h a t  would increase  timber production and 
increase  o r  have l i t t l e  impact on s q u i r r e l  production a r e  given. 

INTRODUCTION 

The impact of s i l v i c u l t u r a l  p r ac t i ce s  on 
w i l d l i f e  hab i t a t  is  a major concern of f o r e s t  
managers. Although most w i l d l i f e  b i o l o g i s t s  re- 
cognize hab i t a t  manipulation by s f l v i c u l t u r a l  
p r ac t i ce s  a s  t he  most e f f i c i e n t  and l a s t i n g  means 
of improving h a b i t a t  (Halls  and Holbrook 1980, 
Trimble et a l .  1974), some incompat ib i l i t ies  be- 
tween in tens ive  timber management and w i l d l i f e  
dependent on t r e e  c a v i t i e s  a r e  apparent. Trees 
with c a v i t i e s  a r e  removed and cavi ty  formation 
is  a r r e s t ed  during in tens ive  timber management. 
Thus, a l o s s  of cavi ty  dependent w i l d l i f e  would 
occur. 

To ensure t h a t  c a v i t i e s  a r e  ava i l ab l e ,  re- 
commendations t o  leave  cavi ty- t rees  unharvested 
have been made (Uhlig 1955, U.S. Forest  Service 
1971, Sanderson 1975, Evans 1978, Conner 1978, 
Evans and Conner 1979, McComb and Noble 1981). 
However, multiple-use recommendations t o  provide 
proper dens i ty  and temporal and s p a t i a l  d i s t r i bu -  
t i o n  of cavi ty- t rees  f o r  w i l d l i f e  should consider 
adverse impacts on timber production. Timber 
production may be needlessly reduced i f  fu tu re  
stand development and expected l i f e  span of the  
cavi ty- t rees  a r e  not  considered. Exist ing stand 
condit ions should be considered. Recommendations 
made f o r  in tens ive ly  managed f o r e s t s  have l i t t l e  
a p p l i c a b i l i t y  t o  high-graded hardwood stands.  In  
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these  unmanaged s tands ,  numerous c a v i t i e s  a r e  pre- 
s en t  bu t  no t  f u l l y  u t i l i z e d  f o r  nes t ing  (Gysel 
1961, Sanderson e t  a l .  1975, Carey and Healy 1981, 
McComb and Noble 1981). Low u t i l i z a t i o n  of cavi- 
t i e s  i nd i ca t e s  unsu i t ab i l i t y  o r  oversupply. 

A major problem i n  managing hardwood s tands  
is determination of t he  l e v e l  of c u l l  t r e e  removal 
t h a t  optimizes timber and w i l d l i f e  benef i t s .  Which 
and how many cavi ty- t rees  should be l e f t ?  How 
should they be d i s t r i bu t ed  i n  t he  stand? How can 
a f u t u r e  supply of cavi ty- t rees  be provided under 
various harvest ing methods? This study was e s t a -  
b l i shed  t o  address those quest ions f o r  unmanaged 
oak-hickory and mixed upland hardwood s tands  ty- 
p i ca l  of t h e  Cumberland Plateau region. Objectives 
of t he  study were: 1) t o  determine dens i ty  of 
cavi ty- t rees  and o ther  c u l l s  i n  various f o r e s t  
s tands ,  2) t o  descr ibe  cavi ty- t rees ,  3) t o  de ter -  
mine c h a r a c t e r i s t i c s  which a r e  usefu l  i n  p red i c t i ng  
occurrence of fu tu re  c a v i t i e s ,  4) t o  observe use  
of cavi ty- t rees  by s q u i r r e l s ,  and 5) t o  es t imate  
s q u i r r e l  population l e v e l s .  

STUDY AREAS 

Study a reas  were loca ted  on the  Universi ty 
of t h e  South's school f o r e s t  a t  Sewanee, Tennes- 
s ee ,  on the  western edge of t he  Cumberland Plateau.  
Topography va r i e s  from the  undulating p la teau  top 
t o  s teep  escarpment s lopes  o r  coves. S i t e  pro- 
duc t iv i ty  va r i e s  g rea t ly  with aspect  and s lope  
pos i t ion .  The upper and mid-cove slopes a r e  good 
t o  exce l l en t  hardwood sites. Smalley (1982) des- 
c r ibes  t he  cl imate,  geology, topography, and s o i l s  
of the  Mid-Cumberland Plateau Region. 

Composition and qua l i t y  of t he  school f o r e s t  
a r e  t he  r e s u l t  of s i t e  d i f ferences  and pas t  man- 
agement, c a l l ed  individual  t r e e  s e l ec t ion  but  was, 



i n  a c t u a l i t y ,  l o g g e r ' s  cho ice .  The r e s u l t i n g  
high-graded f o r e s t  c o n t a i n s  many c u l l s  and regen- 
e r a t i o n  developed i n  clumps o r  pa tches  without  
a d d i t i o n a l  s tand  t rea tments .  

Five genera l  f o r e s t  h a b i t a t s  o r  condi t ions  
which t y p i f y  most of t h e  school  f o r e s t  were se-  
l e c t e d  f o r  s tudy .  On t o p  of  the  p l a t e a u ,  undulat-  
ing  uplands and t h e  i n t e r m i t t e n t  d ra inages  t h a t  
s u b m t u r e l y  d i s s e c t  t h e  p l a t e a u  s u r f a c e  were 
sampled. I n  t h e  coves, n o r t h  a s p e c t ,  sou th  as-  
p e c t ,  and o l d  growth were sampled. On. t h e  undu- 
l a t i n g  uplands,  s c a r l e t  oak ( s c i e n t i f i c  names i n  
Appendix) and whi te  oak predominate w i t h  l e s s e r  
amounts of b lack  oak, ches tnu t  oak, p ignut  hick- 
o r y ,  and mockernut h ickory .  I n  t h e  more moist 
and produc t ive  upland dra tnages ,  red  maple, black- 
gum, and yellow-poplar a r e  abundant. The coves 
c o n t a i n  mixed hardwood f o r e s t s  wi th  a l a r g e  number 
of o v e r s t o r y  s p e c i e s .  The most abundant s p e c i e s  
a r e  nor thern  r e d  oak,  whi te  oak, p ignut  h ickory ,  
shagbark hickory,  ches tnu t  oak,  and yellow-poplar.  
The mesic s p e c i e s  of Braun's (1950) mixed meso- 
p h y t i c  f o r e s t  a r e  common. Although p r e s e n t  i n  
o t h e r  nrixed mesophytic f o r e s t s ,  American beech, 
b l a c k  cher ry ,  and e a s t e r n  hemlock a r e  r a r e  o r  
absen t .  The mesic s p e c i e s  a r e  more abundant on 
t h e  c o o l e r  n o r t h e r n  a s p e c t s .  The o l d  growth habi-  
t a t  i s  on a n o r t h  a s p e c t  and over-mature wi th  many 
l a r g e  oaks and h i c k o r i e s  now dying. 

For d i s c u s s i o n  , t h e  f i v e  h a b i t a t  types  w i l l  
be c a l l e d  undula t ing  upland, upland dra inage ,  sou th  
cove, n o r t h  cove, and over-mature cove. 

Each h a b i t a t  type was sampled wi th  s i x  1.24 
a c r e  r e c t a n g u l a r  t r a n s e c t s ,  70 f e e t  by 769 f e e t .  
Two t r a n s e c t s  were randomly l o c a t e d  a t  t h r e e  d i f -  
f e r e n t  l o c a t i o n s ,  a l lowing 7.4 a c r e s  i n  each habi-  
t a t  type and t o t a l i n g  37 a c r e s  i n  t h e  s tudy .  Tran- 
s e c t s  were l o c a t e d  i n  s t a n d s  undisturbed f o r  t h e  
p a s t  20  years .  Each t r a n s e c t  was thoroughly 
searched f o r  a l l  c a v i t i e s  before  l e a f  development 
i n  March, 1979. Searching w i t h  b i n o c u l a r s ,  t h r e e  

f o r  s e l e c t e d  trees seven inches  d.b.h, o r  l a r g e r .  
Frequency d i s t r i b u t i o n s  of v a r i o u s  c a t e g o r i e s  of 
each attribute were determined f o r  both c a v i t y  
and non-cavity t r e e s .  Chi-square tests were used 
t o  determine whether t h e  d i s t r i b u t i o n  of cav i ty -  
trees was d i f f e r e n t  from t h e  d i s t r i b u t i o n  of non- 
c a v i t y  t r e e s .  

Cavity usage and s q u i r r e l  d e n s i t y  were de- 
termined by v i s u a l  monitor ing 24 t r a n s e c t s .  A 
minimum of t h r e e  permanent observa t ion  p o i n t s  was 
e s t a b l i s h e d  i n  each t r a n s e c t .  A l l  den t r e e s  were 
v i s i b l e  from a t  l e a s t  one p o i n t .  Time-area counts  
t o  e s t i m a t e  s q u i r r e l  d e n s i t y  were conducted. Each 
t r a n s e c t  was monitored once weekly f o r  f i v e  weeks 
i n  both t h e  s p r i n g  and f a l l  i n  1980 and 1981. I n  
1979 t h e  s p r i n g  observa t ion  per iod  was s i x  weeks, 
and t h e  f a l l  f o u r  weeks. EZonitoring p e r i o d s  
corresponded t o  when young s q u i r r e l s  were becoming 
a c t i v e  o u t s i d e  t h e  dens.  Den t r e e s  were observed 
f o r  253 hours  p e r  y e a r ,  and time-area counts  were 
conducted dur ing  240 hours. Each den tree was 
observed f o r  a minimum of 3.3 hours  y e a r l y .  
Transec t s  were monitorzd f o r  t h r e e  y e a r s  because 
of expected f l u c t u a t i o n s  i n  bo th  s q u i r r e l  d e n s i t y  
and u s e  of den t r e e s .  Mast product ion by s p e c i e s  
i n  each h a b i t a t  type  was es t imated  i n  l a t e  August 
of 1979 and 1980. 

RESULTS ANT DISCUSSION 

Density of Cavity-Trees and Other Cul l s  

A t o t a l  of 82 den t r e e s  and 255 t r e e s  wi th  
escape c a v i t i e s  were l o c a t e d .  Undulating uplands 
had t h e  g r e a t e s t  d e n s i t y  of den t r e e s  and upland 
dra inages  had t h e  g r e a t e s t  d e n s i t y  of escape cavi-  
t i e s  (Table l ) .  The number of den t r e e s  per  t r a n -  
s e c t  ranged from 0 t o  7,  and t h e  number of escape  
c a v i t y - t r e e s  ranged from 2 t o  26. The h i g h e s t  
combined d e n s i t y  per  a c r e  of c a v i t y - t r e e s  was 
13.8 i n  upland dra inages .  

Table 1.--Density of s q u i r r e l  dens and escape 
c a v i t i e s  i n  upland hardwoods on t h e  Cumberland 
P l a t e a u  

observers  recorded (bu t  d i d  n o t  v e r i f y  by climbing) 
a l l  c a v i t i e s  which appeared t o  p e n e t r a t e  t h e  i n t e -  Cavity Habi ta t  ~ y p e l  
t i o r s  of t h e  trees. C a v i t i e s  were c l a s s i f i e d  a s  Type U.D. 0M.C. S.C. -N.C. U.U.  
s q u i r r e l  dens,  s q u i r r e l  escape c a v i t i e s ,  o r  b i r d  - - - - - -  Densi ty/acreL - - - - - - 
n e s t  c a v i t i e s .  Most c a v i t i e s  c l a s s i f i e d  a s  s q u i r r e l  
dens,  and poss ib ly  some c l a s s i f i e d  o therwise ,  were 
s u i t a b l e  f o r  r e a r i n g  young. 

Den 2.3a 2.7a 1.6a 1.2a 3.2a 
Escape 11.5a 6.6ab 6,2b 6.  l b  3.8b 

Descr ip t ive  d a t a  were c o l l e c t e d  from den t r e e s  
t o  determine whether c e r t a i n  c h a r a c t e r i s t i c s  can 
p r e d i c t  p o t e n t i a l  cavity-producing t r e e s .  Stand 
t a b l e s  and t r e e  q u a l i t y  c l a s s  f o r  a l l  t r e e s  f i v e  
inches d.b,h,  and l a r g e r  were es t imated  by sampling 
four  0.05 a c r e  quadra t s  i n  each t r a n s e c t .  Poten- 
t i a l o v e r s t o r y s p e c i e s  were c l a s s i f i e d  a s  d e s i r a b l e ,  
accep tab le ,  o r  c u l l .  Den t r e e  composition and s i z e  
d i s t r i b u t i o n  were compared t o  genera l  condi t ions  
by us ing  chi-square tests. Top condi t ion ,  b a s a l  
condi t ion ,  and number of b l i n d  knots  o r  limb s t u b s  
l a r g e r  than two inches i n  diameter  were determined 

I /  U.D. - upland dra inage ,  Ol4.C. - over-mature - 
cove, S.C. - cove wi th  sou th  a s p e c t ,  N.C. - cove 
w i t h  n o r t h  a s p e c t ,  U.U.  - undulat ing uplands. 

2 1  Means w i t h i n  rows n o t  followed by a common 
l e t t e r  d i f f e r  (P 2 0.05) a s  determined by Duncan's 
new mult iple-range t e s t .  

The number of c u l l s  p e r  a c r e  ranged from 25 
i n  t h e  over-mature cove t o  79 i n  upland dra inages .  
Cull  percen t  ranged from 25.6 i n  undula t ing  upland 
t o  47.3 i n  upland dra inages .  Cull percen t  was 
h igh  i n  upland dra inages  because of abundant r e d  



maple and blackgum. Fi f ty- three  percent  of 
s c a r l e t  oaks l a r g e r  than 10 inches d.b.h. was 
c u l l .  

Cha rac t e r i s t i c s  of Escape Cavity-Trees 

The loca t ion  of escape c a v i t i e s  within the  
t r e e  o f t en  determines t h e i r  usefulness t o  squi r -  
r e l s .  Cavi t ies  a t  the  base of tree o f t e n  con- 
tained s u f f i c i e n t  decay t o  preclude use by 
s q u i r r e l s ,  Must escape c a v i t i e s  i n  t he  upper 
bole could possibly serve  a s  dens i f  more s u i t a b l e  
c a v i t i e s  were lacking ,  In  t h e  upland hab i t a t s ,  
limbs with c a v i t i e s  were usual ly  too small t o  
serve  a s  dens, but  i n  t he  cove h a b i t a t s  limbs were 
l a r g e  enough t o  contain dens. Density per ac re  
of t r e e s  with escape c a v i t i e s  i n  d i f f e r e n t  p a r t s  
of t he  t r e e  is recorded below: 

Upper 
Basal Bole Limb 

Upland Drainage 7.6 4.9 0.9 
Undulating Upland 2.7 1.8 0 .O 
Overmature Cove 4.9 1.9 0.5 
South Cove 4.9 0.4 1.1 
North Cove 4.3 2 .O 0.1 

Some t r e e s  had c a v i t i e s  i n  more than one loca t ion .  
The percent of escape cavi ty- t rees  with basa l  
c a v i t i e s  ranged from 65.1 percent  i n  upland drain-  
ages t o  78.3 percent i n  south coves. 

I n  undulating uplands, 48.3 percent of the  
cavi ty- t rees  was s c a r l e t  oak. Other s c a r l e t  oaks 
had s igns  of i n t e rna l  decay, enlarged bases and 
f i r e  s ca r s  without ex terna l  cavi ty  openings. 
Sourwood comprised 17.2 percent  of t h e  cavity-  
t r e e s  and s i x  o ther  spec ies  contained fewer 
c a v i t i e s .  In  upland drainages,  red maple was t h e  
most abundant cavity-tree and comprised 62.8 per- 
cen t  of t he  t o t a l .  Of e igh t  o the r  spec ies  with 
c a v i t i e s ,  t he  most abundant was white oak with 
11.6 percent .  I n  nor th  coves, 16 spec ies  contained 
c a v i t i e s  and h ickor ies  comprised 26.7 percent  of 
t he  t o t a l .  Yellow-poplar wi th  11.1 percent  was 
t he  only o ther  spec ies  t h a t  comprised more than 
10 percent  of t he  cavi ty- t rees .  I n  south coves, 
h ickor ies  comprised a much l a r g e r  percent ,  56.5, 
of the  cavity-trees.  Most c a v i t i e s  were basa l  
and probably a r e s u l t  of f i r e  scar r ing .  Nine 
o ther  spec ies  contained c a v i t i e s ,  northern red oak 
with 10.9 percent being most abundant. I n  t he  
over-mature cove, 13 spec ies  contained c a v i t i e s .  
Sugar maple, h ickor ies ,  northern red oak, and 
blackgum comprised, respect ive ly ,  28.6, 20.4, 16.3, 
and 10.2 percent of the  cavi ty- t rees .  

The s i z e  c l a s s  d i s t r i b u t i o n  of t he  cavity-  
t r e e s  r e f l ec t ed  general s tand condit ions.  I n  
hab i t a t  with more l a r g e  t r e e s ,  a higher percent  
of cavi ty- t rees  was i n  the  l a r g e r  s i z e  c l a s se s .  
The percent  of cavity-trees i n  t h e  less than seven 
inch d.b.h. s i z e  c l a s s  was much smaller  than the  
percent of t o t a l  t r e e s  i n  t h a t  s i z e  ca l s s .  The 
percentages of cavity-trees and of t o t a l  t r e e s  
were about equal i n  t h e  7-10 inch s i z e  c l a s s ,  but 
i n  the  l a r g e r  s i z e  c l a s se s  the percent of cavity-  

t r e e s  were much higher than the  percent of t o t a l  
t r ee s .  It follows t h a t  l a r g e r  t r e e s  were more 
l i k e l y  t o  contain escape c a v i t i e s .  

Cha rac t e r i s t i c s  of Squ i r r e l  Den Trees 

The c h a r a c t e r i s t i c s  most usefu l  f o r  predic t ing  
den occurrence were spec ies ,  s i z e ,  presence of 
en t ry  poin ts  f o r  decay organisms, and t r e e  v igor ,  
which is a f f ec t ed  by in t e r ac t ions  among the  
previous f ac to r s .  

Species and S ize  Class Distrbutions 

Differences among t h e  h a b i t a t  types were 
apparent (Table 2 ) .  Certain spec ies  and diameter 
s i z e  c l a s se s  produced more den t r ee s .  The most 
productive spec ies  and s i z e s  var ied  among h a b i t a t  
types because of d i f ferences  i n  species composition 
and s i z e  c l a s s  d i s t r i b u t i o n .  I n  both t h e  undulating 
uplands and upland drainages,  s c a r l e t  oak is the  
prefer red  spec ies  t o  manage f o r  dens because nu- 
merous r e l a t i v e l y  small s c a r l e t  oaks contained 
dens. Seventy-six percent of t he  den t r e e s  were 
s c a r l e t  oak and 73 percent of these  were i n  t h e  
11-15 inch s i z e  c l a s s .  Red maple should be re ta ined  
i n  upland drainages,  but  red maple dens a r e  usual ly  
less s u i t a b l e  than s c a r l e t  oak dens. In  white oak 
and h ickor ies ,  dens were usual ly  found only i n  
l a r g e  t r e e s  o r  i n  low vigor  t r e e s .  Yellow-poplar, 
a rap id  growing species ,  contained c a v i t i e s  only 
i n  t r e e s  over 20 inches i n  diameter. 

In both nor th  and south coves, northern red 
oak, h ickor ies ,  and blackgum were t he  most abundant 
den t r e e s .  When da ta  f o r  t he  two types were com- 
binded, northern red oak, blackgum, and sa s sa f r a s  
had s i g n i f i c a n t l y  more den t r e e s  than expected. 
A l l  blackgum g rea t e r  than 16 inches d.b.h. con- 
ta ined  e i t h e r  escape c a v i t i e s  o r  dens. Of t h e  12 
spec ies  t h a t  contained no dens, yellow-poplar and 
chestnut  oak predominated. 

I n  over-mature coves, n ine  species contained 
dens with northern red oak and h ickor ies  predom- 
ina t ing .  White ash  was the  only spec ies  with 
s i g n i f i c a n t l y  more dens than expected and no spec ies  
had s i g n i f i c a n t l y  l e s s  than expected. Chestnut oak 
and white oak were t he  most abundant spec ies  having 
no dens. 

The proportion of t r e e s  wi th  dens increased a s  
diameter s i z e  c l a s s  increased and a pos i t i ve  devi- 
a t i o n  from the  expected number of den t r e e s  ex i s t ed  
i n  t he  16-20 inch and l a r g e r  s i z e  c l a s se s  i n  a l l  
h a b i t a t  types. Thus the  16-20 inch s i z e  c l a s s  
seems t o  be t he  threshold s i z e  where t r e e s  become 
more l i k e l y  t o  contain dens. I n  s c a r l e t  oak, the  
threshold s i z e  is 11-15 inches.  

Vigor and a v a i l a b i l i t y  of l a r g e r  trees a f f ec t ed  
the  s i z e  c l a s s  d i s t r i b u t i o n  of den t r ee s .  I n  un- 
dula t ing  uplands, den t r e e s  i n  t he  11-15 inch s i z e  
c l a s s  were numerous; low vigor  s c a r l e t  oak i n  t h i s  
s i z e  c l a s s  was abundant and l a r g e r  t r e e s  were 
scarce .  I n  upland drainages and cove h a b i t a t  types 
where more l a r g e  t r e e s  were avai lab le ,  t he  percent  
of t r e e s  i n  the  11-15 inch c l a s s  with dens was much 



Table 2,--Density d i s t r i b u t i o n  of s q u i r r e l  den t r e e s  compared t o  t he  d i s t r i b u t i o n  of a l l  
t r e e s  1 7  inches d.b.h, i n  upland hardwoods on the  Cmberland Plateau 

Undulating Upland 

D.B.H. S ize  Class i n  Inches : Percent 
Species : Species : All With 

Total(%) : Trees(%) Dens : 7-10 : 11-15 : 16-20 : 21-25 : >25 : 
- - - - - - - - - - - - - - N o e / 7 . 4 a - - - - - - - - - - - - - - -  - - % - -  

Sca r l e t  Oak 1 16 4 0 0 21(88) 402(47) 5.2 
White Oak 0 1 1 0 0 2 (8) 204(24) 1 .O 
Hickories 0 0 0 0 1 1 (4) 38 (4) 2.7 
Others 0 0 0 0 0 0 209 (25) 0.0 
Size  Class 

Total  (%) 1 (4) 17(71) 5(21) 0 l ( 4 )  24(100) 
All Trees (%) 538(63) 247(29) 68 (8) 0 0 853(100) 2.8 
% With Dens 0.2 6.9 7.4 0 - 2.8 

Upland Drainages 

Red Maple 
Sca r l e t  Oak 
White Oak 
Yellow-Poplar 
Post Oak 
Chestnut Oak 
Others 
S ize  Class 

Total (%) 
All Trees (%) 
% With Dens 

Overmature Cove 

N. Red Oak 
Hickories 
White Ash 
Yellow-Poplar 
Buckeye 
Black Locust 
Cucumber Tree 
Black Cherry 
Sugar Maple 
Others 
S i ze  Class 

Total  (%) 
A l l  Trees ( I % )  
X With Dens 

South and North Coves Combined 

- - - - - - - - - - - - N o . / 1 4 , 8 a - - - - - - - - - - - - - - - -  
0 3 3 1 0 7(33) 166(11) 
0 3 1 2 0 6(29) 488(33) 
0 0 3 1 0 4(19) 24 (2) 
1 0 0 0 0 1 (5) 43 (3) 
0 0 1 0 0 1 (5) 31 (2) 
0 0 0 1 0 1 (5) 303(20) 
0 0 o 1 o 1 (5) 6(<1) 
0 0 0 0 0 0 429 (29) 

N. Red Oak 
Hickories 
Blackgum 
Black Walnut 
Black Locust 
White Oak 
Sassaf ras  
Others 
S ize  Class 

Total  (%) 
A l l  Trees (%) 
% With Dens 



lower. In  no r th  and south  coves, most den t r e e s  
i n  t h i s  s i z e  c l a s s  were suppressed and had g r e a t l y  
reduced crowns. I n  t he  overmature cove, dens 
were concentrated i n  low v igor  t r e e s  l a r g e r  than 
25 inches i n  diameter. Vigorously growing t r e e s  
with wel l  developed crowns, r ega rd l e s s  of s i z e ,  
contained few c a v i t i e s .  

Age and Tree Growth 

I n  upland h a b i t a t  types ,  the  age of 16 
s c a r l e t  oak dens were determined. Age ranged 
from 72 t o  125 yea r s ,  averaging 94 yea r s .  Thus 
80-year r o t a t i o n s  would produce few den t r e e s  
even i n  s t ands  were s c a r l e t  oak is abundant. I f  
90-year-old s c a r l e t  oak dens were l e f t  i n  a c l e a r -  
c u t ,  few dens would be presen t  i n  30 yea r s .  How- 
ever ,  i f  l a r g e  patches of t r e e s  from 30 t o  50 
years  of age were r e t a ined ,  dens and food would 
be a v a i l a b l e  s imultaneously.  Regardless of t r e e  
v igo r ,  r e t a i ned  s c a r l e t  oaks 7-10 inches d,b.h. 
should produce numerous den t r e e s  i n  40 years .  
Basal c a v i t i e s  and d e t e r i o r a t i o n  prevented 
ga ther ing  da t a  on red  maple. Five white  oak den 
t r e e s  ranged from 19 t o  22 inches d.b.h. and d i -  
ameters 40 years  ago ranged from 15 t o  17 inches.  
The ages of t h r ee  t r e e s  were 152, 170, and 224 
years .  Because spec i e s  i n  t he  whi te  oak group 
grow and develop decay slower than r ed  oak spec i e s ,  
white  oak spec i e s  w i l l  produce c a v i t i e s  only when 
l a r g e r  and o lde r  t r e e s  become ava i l ab l e .  But 
once dens a r e  formed i n  t he  durab le  whi te  oaks,  
they remain usable  much longer  than dens i n  
spe c i e s  wi th  s o f t e r  wood. 

I n  t h e  coves, nor thern  red oak was t h e  only 
spe c i e s  i n  which more than one den t r e e  could be 
aged. Age from s i x  t r e e s  ranged from 81 t o  157 
years .  Tree v igor  va r i ed  g r e a t l y  and w i l l  in- 
f luence  what s i z e  of t r e e s  should be r e t a ined  t o  
produce dens i n  t h e  fu tu r e .  I f  t r e e s  a r e  vigor-  
ous,  l a r g e r  t r e e s  should be r e t a ined .  Hickories  
were growing much slower than red  oaks. The only 
hickory aged was 228 years  o ld .  The d.b.h. 40 
years  ago of seven h i cko r i e s  ranged from 11.5 t o  
23.6 inches.  Hickory den t r e e s  were numerous 
probably because many low v igor ,  c u l l  h i cko r i e s  
were no t  c u t  during p r i o r  ha rve s t s .  As wi th  
white  oaks,  dens i n  h i cko r i e s  should p e r s i s t  f o r  
many years .  

Ava i l ab i l i t y  of Entry Poin ts  f o r  Decay Causing 
Organisms 

Because decay organisms a r e  v i t a l  t o  t he  
c a v i t y  formation process,  t h e  presence and number 
of i n ju r ed  po in t s  should be usefu l  i n  p r ed i c t i ng  
c a v i t y  occurrence.  I n j u r i e s  t o  ba sa l ,  top ,  and 
bole  po r t i ons  of den t r e e s  were descr ibed .  Damage 
t o  t r e e  tops  seemed most conducive t o  den for -  
mation. Tops of den t r e e s  were damaged more than 
expected i n  four  of f i v e  h a b i t a t  types.  Damaged 
tops had e i t h e r  been broken o f f  o r  more than two 
l a t e r a l  branches became dominant v e r t i c a l  stems. 
Extensively damaged tops  which f a i l e d  t o  hea l  
o f f e r ed  exce l l en t  en t ry  po in t s  f o r  decay causing 
organisms. Minor damage t o  tops t h a t  r e su l t ed  i n  

major f o rk s  d id  no t  promote den formation,  Al- 
though more den t r e e s  than expected had ba sa l  
c a v i t i e s ,  reduct ion of t r e e  v igor  caused by ba sa l  
r o t  probably had a g r e a t e r  e f f e c t  on den formation 
than t h e  movement of  decay up t he  t r e e .  Even 
though t h e  number of l a r g e  b l i nd  knots  on den t r e e s  
was no t  g r e a t e r  than expected, limb die-back may 
s t i l l  promote decay. Trees wi th  o r  without  dens 
simply had s i m i l a r  amounts of dead limbs o r  b l i nd  
knots .  

S q u i r r e l  Abundance 

Eastern gray s q u i r r e l  dens i t y  va r i ed  between 
h a b i t a t  types and time per iods  (Table 3) .  Var ia t ion  
was g r e a t e r  among time periods than among h a b i t a t  
types.  Re la t ionsh ips  between dens i t y  of den t r e e s  
and s q u i r r e l  dens i t y  on each t r a n s e c t  were low. 
Den t r e e  dens i ty  had l i t t l e  impact on t h e  l a r g e  
f l uc tua t i ons  i n  s q u i r r e l  dens i ty  over  time. Next 
t o  t h e  h ighes t  s q u i r r e l  dens i t y ,  74 per  100 a c r e s ,  
was recorded f o r  n o r t h  coves, which had t h e  lowest  
dens i t y  of den t r e e s .  The low dens i t y  of s q u i r r e l s  
i n  over-mature coves was of p a r t i c u l a r  i n t e r e s t  
because old-growth f o r e s t s  wi th  l a r g e  t r e e s  and 
numerous dens a r e  o f t e n  considered prime s q u i r r e l  
h a b i t a t .  On a l l  h a b i t a t  types,  s q u i r r e l  popula- 
t i o n s  increased o r  decreased r ap id ly  r ega rd l e s s  of 
den t r e e  dens i t y .  During t h e  t h r e e  yea r s  of t h i s  
s tudy ,  some f a c t o r  o t h e r  than den t r e e  dens i t y  
con t ro l l ed  s q u i r r e l  abundance. 

General t rends  i n  s q u i r r e l  abundance were 
c lo se ly  r e l a t e d  t o  mast production.  Hard mast 
production was b e t t e r  i n  1979 than 1978. S q u i r r e l s  
responded t o  t he  i nc r ea se  i n  food supply and popu- 
l a t i o n s  increased i n  1980. Af te r  poor mast pro- 
duct ion i n  1980, s q u i r r e l  populat ions decreased 
d r a s t i c a l l y  i n  1981 i n  a l l  h a b i t a t  types.  

The r e l a t i onsh ip s  between s q u i r r e l  abundance, 
den t r e e  dens i t y ,  and hard mast production i n d i c a t e  
t h a t  mast production and not  den t r e e  dens i t y  
l i m i t s  s q u i r r e l  abundance i n  unmanaged, low-quali ty 
f o r e s t s  on t he  Cumberland P la teau .  A t  t h i s  time, 
management a c t i ons  t h a t  increase  mast production 
should be a top p r i o r i t y  of s q u i r r e l  management. 

Use of Den Trees 

The use of den t r e e s  was v i s u a l l y  confirmed 
only r a r e l y .  E i t he r  few of t h e  a v a i l a b l e  dens 
were used t o  r e a r  young o r  t h e  monitoring technique 
d id  no t  e f f i c i e n t l y  d e t e c t  usage. Although 88 den 
t r e e s  were monitored, usage of dens was de t ec t ed  
i n  only 2 t r e e s  i n  1979, 6 t r e e s  i n  1980, and 3 
t r e e s  i n  1981. Thus, observed usage was low even 
in 1980 when s q u i r r e l  populat ions were h ighes t .  

Recent gnawing around c a v i t y  en t r ances  a l s o  
i nd i ca t e s  den usage by s q u i r r e l s .  Thir ty-nine 
percent  of t he  den t r e e s  had s i gns  of recent  gnaw- 
ing  i n  Apr i l ,  1979; 22 percent  i n  August, 1979; 
and 27 percent  i n  Apr i l ,  1980, Uthough s i g n s  of 
f r e s h  gnawing i nd i ca t ed  s q u i r r e l  usage g r e a t e r  than 
t h a t  confirmed by v i s u a l  monitoring, both methods 
ind ica ted  t h a t  many a v a i l a b l e  den t r e e s  were no t  



Table 3.--Density of s q u i r r e l s  per  100 ac re s  detenr,lned from time-area counts 
a t  d i f f e r e n t  times i n  upland hardwood h a b i t a t s  on the Cumberland Plateau 

Den 
Habitat  1979 1980 I981 

Trees/ 
TY pe 100 a Spring : Fa l l  Spring : Fa l l  Spring : Fa l l  

- - - - - - - -  Squirrels/lOO a - - - - - - - - 
Undulating 

Uplands 320 11 9 
Upland 

Drainages 2 30 14 2 1 
South Coves 160 10 4 9 
North Coves 120 10 74 
Over-Mature 

Coves 2 70 1 34 

used. The r e l a t i onsh ip  between recent  gnawing and 
s q u i r r e l  abundance was low. 

DEN TREE MANAGEMENT 

Recommendations a r e  f o r  s q u i r r e l  management 
only and do no t  consider the  needs of o the r  cavity-  
dependent wild1 i f  e . 

Density and Dis t r ibut ion  of Den Trees 

The number of den t r e e s  provided should pro- 
v ide  cover f o r  the number of s q u i r r e l s  t h a t  can be 
supported by hard mast production. I f  t he  f o r e s t  
is no t  o ld  enough t o  produce hard mast, no den 
t r e e s  a r e  needed. I n  uneven-aged f o r e s t s ,  many 
t r e e s  a r e  too small f o r  mast production and one 
high qua l i t y  den t r e e  per two o r  t h r ee  ac re s  should 
s u f f i c e .  In even-aged f o r e s t s  g rea t e r  than 60 
years o ld ,  one den t r e e  per two ac re s  w i l l  support 
high s q u i r r e l  populations. Low vigor den t r e e s ,  
which have l i t t l e  e f f e c t  on growth of surrounding 
t r e e s ,  can provide supplemental dens. A t  recom- 
mended den t r e e  dens i t i e s ,  low mast production 
would be t he  l imi t i ng  f a c t o r  on s q u i r r e l  abundance 
i n  most years.  

Because s q u i r r e l s  have small home ranges, den 
t r e e s  should be d i s t r i bu t ed  wi th in  each 20 ac re s  
of t he  f o r e s t .  Within each 20 ac re s ,  den t r e e s  
can be s ca t t e r ed  o r  clumped. In  the  unmanaged 
s tands  inspected during t h i s  s tudy,  den t r e e s  were 
o f t en  c lose ly  clumped. 

Se lec t ing  Trees t o  Leave 

Prehaps the  most complex phase of den t r e e  
management is deciding what t r e e s  t o  leave .  Suit-  
ab l e  den t r e e s  should be provided when they a r e  
needed, e i t h e r  a t  present  o r  sometime i n  the  fu tu re .  
I f  den t r e e s  a r e  needed a t  present ,  it is important 
t o  s e l e c t  t r e e s  with c a v i t i e s  s u i t a b l e  f o r  rear ing  
young. Some c a v i t i e s ,  such a s  those associa ted  
with extensive basa l  r o t ,  a r e  not  s u i t a b l e  nes t ing  
s i t e s .  Evans and Conner (1979) i d e n t i f i e d  the  bes t  
qua l i t y  n e s t  s i t e s  f o r  nongame b i rds  a s  l i v e  t r e e s  
having decayed heartwood i n  the upper trunk o r  
main l i a b s  surrounded by l i v i n g  sapwood. Cavit ies 

in such t r e e s  a l s o  produce the  most su i t ab l e  squi r -  
r e l  dens because s o l i d  wood is above, below, and 
around the  cavi ty .  These c a v i t i e s  provide the  maxi- 
mun protec t ion  from adverse weather condit ions and 
predators.  The need t o  s e l e c t  s u i t a b l e  cavity-  
t r e e s  has been discussed by Uhig (1955); Sanderson 
(1975) ; Sco t t ,  Whelan, and Alexander (1978) and 
numerous o the r  authors.  

I n  most upland hardwood s tands ,  many c u l l  and 
cavi ty- t rees  a r e  present ,  but  few a r e  s u i t a b l e  den 
t r e e s .  On the  upland drainages of the  present  s tudy,  
79 c u l l  t r e e s  per acre  were present  but only 3 were 
s u i t a b l e  den t r e e s .  Preservation of den t r e e s  can- 
not  be used a s  an excuse f o r  f a i l u r e  t o  improve the  
qua l i t y  of upland hardwood s tands .  

Other considerat ions f o r  s e l ec t ion  of t r e e s  
t o  leave  a r e :  (1) planned fu tu re  management of t h e  
stand,  (2) impact on growth of surrounding t r e e s ,  
(3) length  of den t r e e  u s a b i l i t y ,  and (4)  food 
production by t h e  den t r e e .  Under uneven-aged o r  
even-aged management systems, den t r e e s  w i l l  be 
needed a t  c e r t a i n  times i n  t he  fu tu re .  To improve 
the  chances t h a t  a t r e e  se lec ted  today w i l l  a c t u a l l y  
provide a fu tu re  den, t he  r e l a t i onsh ips  between 
species ,  age, s i z e ,  v igor ,  and a v a i l a b i l i t y  of en t ry  
poin ts  f o r  decay-causing organisms a r e  important. 
Four general  r e l a t i onsh ips  were appl icable  t o  a l l  
s tands .  

The f i r s t  was t h a t  most dens were found i n  
the  o ldes t  o r  l a r g e s t  t r e e s  i n  t he  stand.  I f  dens 
a r e  t o  be provided e spec i a l l y  with even-aged man- 
agement, some t r e e s  o lder  and/or l a r g e r  than the  
majori ty of t r e e s  w i l l  have t o  be present .  The 
second r e l a t i onsh ip  was t h a t  some species were 
more p r o l i f i c  producers of dens than o thers ,  and 
the  t r e e  s i z e  a t  which dens become common var ied  
with spec ies .  Longevity, d u r a b i l i t y  of i t s  wood, 
and s u s c e p t i b i l i t y  t o  defec t  and decay a r e  spec ies  
c h a r a c t e r i s t i c s  u se fu l  i n  determinging the co r r ec t  
s i z e  of t r e e  t o  leave .  The t h i r d  r e l a t i onsh ip  was 
t h a t  regardless  of species o r  s i z e ,  t r e e s  low in  
v igor  were more l i k e l y  t o  contain dens. Thus, 
t r e e s  se lec ted  t o  produce fu tu re  dens should be 
re ta ined  i n  l a rge  clumps with dens i ty  high enough 
t o  insure  i n t e r - t r ee  competition. Side competition 
a l s o  promotes limb dieback, which supplies en t ry  
poin ts  f o r  decay-causing organisms. This l eads  



i n t o  t h e  l a s t  genera l  r e l a t i onsh ip .  A s  t h e  number 
and types of decay e n t r y  po in t s  i nc r ea se ,  t h e  
l i ke l i hood  of den f o  t i o n  increased.  Top damage 
promoted den formation b e t t e r  than limb dieback 
o r  ba sa l  damage. 

Providing Den Trees Af te r  Clearcu t t ing  

Because s i l v i c u l t u r a l  e l e a r c u t t i n g  removes 
a l l  e x i s t i n g  den t r e e s  and because few new dens 
would have time t o  develop before r o t a t i o n  age ,  
some modif icat ion of c l e a r c u t t i n g  p r a c t i c e s  must 
be implemented t o  provide den t r e e s  i n  t he  new 
s tands .  The modi f ica t ion  of l eav ing  e x i s t i n g  den 
t r e e s ,  e i t h e r  s i n g u l a r l y  o r  accompanied by two o r  
t h r e e  add i t i ona l  t r e e s ,  provides l i t t l e  p o s i t i v e  
b e n e f i t s  t o  s q u i r r e l s  because many of t h e  t r e e s  
a r e  dead o r  gone before  den t r e e s  a r e  needed i n  
t he  new s tand .  A b e t t e r  modification would be t o  
l e a ve  a t  l e a s t  one a c r e  patches of polet imber and 
small  sawtimber t r e e s  covering around 15 percent  
of each 20 ac r e s  wi th in  the  c l e a r cu t .  This 
p r a c t i c e  would provide o l d e r  and l a r g e r  t r e e s  
e s s e n t i a l  f o r  den formation and a l s o  g r e a t l y  in-  
c r e a se  within-stand d i v e r s i t y .  These patches of 
o lde r  growth could be used t o  leave  t r a v e l  l ane s  
through t h e  c l e a r c u t ,  t o  reduce v i s u a l  impacts, 
t o  provide an old-growth component throughout t he  
f o r e s t ,  and t o  increase  edge e f f e c t .  The spec i e s ,  
s i z e ,  age and v igor  r e l a t i onsh ip s  d i scussed  i n  
preceding s ec t i ons  would determine t he  s i z e  of 
t r e e s  t o  r e t a i n  so t h a t  den t r e e s  would be 
a v a i l a b l e  when needed. 

The r e t a ined  patches should be managed a s  
i nc lu s ions  wi th in  t he  s tands  and no t  a s  s epa ra t e  
s tands .  Therefore,  a t  t h e  end of each r o t a t i o n  
per iod ,  t he  r e t a ined  patches should be harves ted  
and o t h e r  a r ea s  of t h e  s tand  should be r e t a ined .  
The new a r e a s  t o  be r e t a ined  should be s e l ec t ed  
e a r l y  i n  t he  r o t a t i o n  per iod  and th inn ing  should 
no t  be  conducted i n  these  a r ea s  a f t e r  t r e e s  reach 
seven t o  e i g h t  inches i n  diameter .  Af te r  becoming 
f u l l y  regula ted ,  a f o r e s t  on an 80-year r o t a t i o n  
would have about t h r ee  a c r e s  of 160-year-old t r e e s  
on each 20-acre block. Stream-side management 
zones and a r ea s  where timber management is un- 
economical could be s u b s t i t u t e d  f o r  some of 
the  r e t a ined  a r ea .  Although some timber produc- 
t i o n  would be Post  because of slower growth and 
de f e c t  of some t r e e s ,  many of t h e  r e t a ined  t r e e s  
on good s i t e s  would be high qua l i t y  veneer-sized 
t r e e s .  The h igher  va lue  of l a r g e  t r e e s  would 
p a r t i a l l y  o f f s e t  the  l o s s  i n  growth. 

Although maximum production of n e i t h e r  
resource w i l l  be a t t a i n e d ,  the  management sugges- 
t i o n s  made i n  t h i s  paper should maintain both 
timber and s q u i r r e l  production a t  acceptab le  
l e v e l s .  
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C. tomentosa ( ~ o i r . )  Nutt .  - 
C. glabra (Mill .} Sweet - 
6 .  ovata  ill.) K. Koch - -  

Acer spp. 
A. rubrum L. - -  
A. saccharum Marsh. - 

Quercus spp. 
Q. ve lu t ina  L. 
2. pr inus  L. 
Q. rubra L. 
Q. s t e l l a t a  Wangenh. 
Q. coccinea Muenchh. 
0. a lba  L. 
2%- 

Sassaf ras  albidum (Nutt.) Kees 
Oxydendron arboreum (L . ) DC. 
Fraxinus americana L. 
Liriodendron t u l i p i f  e r a  L. 

U. S. Forest  Service. 
1971. Wild l i fe  h a b i t a t  management handbook. 

FSH 2609.23R. U. S. Dep. Agric. For. Serv., 
Southern Region, Atlanta,  Ga , 



PINE UTILIUTION BY DEER I N  YOU% UBLOLLY 

PINE PLANTATIONS I N  EAST TE 

P a t t i  L, F'urrh and Andrew W. ~ z e l l - 2 /  

Abstract.--A study of white-tai led deer  food hab i t s  
was conducted on young lob lo l ly  pine p l an t a t i ons  i n  East  
Texas and 24 rumen samples col lec ted  seasonally over a 
one-year period were analyzed. The percent  volume of 
p ine  was determined t o  evaluate t he  ex t en t  t o  which deer 
s e l e c t  pine a s  a forage item, and ranged from 0.0% t o  31.4%, 
depending on season and study s i t e .  The study general ly 
indica ted  t h a t  young p ines  a r e  a non-preferred forage item, 
bu t  may occur i n  t he  d i e t  when prefer red  spec ies  a r e  scarce.  
Heavy deer  browsing on young pines could lead  t o  damage, 
e spec i a l l y  i n  times of food shortage and when pine seedlings 
a r e  most suscept ib le  t o  browsing damage, such a s  inunediately 
a f t e r  planting.  

INTRODUCTION 

With the  increased popular i ty  of c l ea rcu t t i ng  
i n  t he  South, information per ta in ing  t o  forage 
production and deer browse i n  c l ea rcu t s  could 
serve t o  enhance our a b i l i t y  t o  c r ea t e  favorable 
deer  h a b i t a t  i n  Eas t  Texas, a s  well  a s  a s se s s  t he  
importance of pine a s  a p o t e n t i a l  deer  food. 
Whi t e - t a i l e d  deer (Odocoi leus  v i rg in ianus  
Boddaert) a r e  adaptable t o  many environmental 
condit ions and may do wel l  i n  a r eas  in tens ive ly  
managed f o r  pine pulpwood and sawtimber. However, 
t he  a v a i l a b i l i t y  of food items i n  pure pine stands 
of  c e r t a i n  ages and a t  c e r t a i n  times of t he  year 
may be c r i t i c a l  (Sheldon and Causey 1974). 
During these  c r i t i c a l  periods,  depredation on 
young lob lo l ly  pines (Pinus taeda L.)  by white- 
t a i l e d  deer may occur. 

The ex t en t  t o  which deer s e l e c t  young pines 
a s  a forage item may b e s t  be evaluated by an 
assessment of t he  seasonal  food hab i t s  of deer 
feeding i n  young p lanta t ions .  The objec t ives  of 
t h i s  study were t o  determine the  species and 
s p e c i f i c  p l a n t  p a r t s  ea ten  seasonally by deer 
feeding i n  young lob lo l ly  pine p lanta t ions ,  and 
t o  evaluate t he  extent  t o  which deer s e l e c t  young 
lob lo l ly  p ines  a s  a forage item i n  young East  
Texas p ine  p lanta t ions .  

Study Areas 

The study was conducted on two 2-year-old 
l ob lo l ly  pine p lanta t ions  loca ted  i n  Angelina 
County near Diboll ,  Texas on land owned by 
Temple-Eastex, Incorporated. Study S i t e  I was a 
253-acre p lanta t ion  i n  t he  Renfro Hunting Club. 
Study S i t e  I1 was a 214-acre p l an t a t i on  i n  t he  
Tower Hunting Club. Both a r eas  were c l ea rcu t ,  
windrowed and burned, and p lanted  i n  l ob lo l ly  
pine i n  1980. Both s i t e s  were replanted i n  1981. 

Deer Collect ion 

Rumen samples were obtained from 24 deer.  
Three deer o lder  than 6 months were col lec ted  
seasonally from each study s i t e ,  with no regard 
t o  t he  sex of t he  animals. For t he  purposes of 
t h i s  s tudy,  winter  was defined a s  t he  period from 
December 1 t o  February 29; spr ing  from March 1 t o  
May 31; summer from June 1 t o  August 31; and f a l l  
from September 1 t o  November 30. Deer co l l ec t ion  
was completed the  middle month of each season. 

Deer co l l ec t ing  was done a t  times when the  
deer were feeding, a s  t he  rumen was more l i k e l y  
t o  contain l a rge r ,  more e a s i l y  i d e n t i f i a b l e  p i eces  
of vegetat ion.  The deer  were k i l l e d  within o r  

1/ Paper presented a t  Southern S i l v i c u l t u r a l  along the  edges of t he  c learcuts .  Live weight, 

~ e s e a y c h  Conference , Atlanta,  Georgia, November sex, age, a n t l e r  descr ip t ion  and general  phys ica l  

4-5, 1982. condit ion of each animal was recorded. The lower 

2/ Graduate Research Ass is tan t  and Ass is tan t  jaw was removed from each deer  f o r  age determination,  

prof eiisor of Forestry,  Texas A&M Universi ty,  which followed Severinghaus' (1949) method of tooth  

College S t a t i on ,  Texas. development and wear a s  c r i t e r i a  of age. Each deer  



was gutted and the rmen was laid out on a plastic 
bag. After the rumen was cut open, the contents 
were mixed by hand so a uniform sample could be 
obtained. Rumen samples were frozen in heavy 
plastic bags until laboratory analysis could be 
perf armed. 

Analysis of variance was used to test for 
significant (Pc0.05) differences in the deer diet 
between seasons and between study sites. Separate 
analyses of variance were performed to test for 
significant differences in the volume of pine in 
the diet, as well as for significant differences 
between major food categories. 

Rumen Analysis 
Vegetation Sampling 

Rumen analysis generally followed the tech- 
nique described by Harlow and Hooper (19711. Any 
deviation from their technique is described in the 
following description of laboratory procedures. 
After thawing a bag of rumen contents, a one-quart 
sample was separated out by filling a one-quart 
jar. The quart of rumen material was washed 
through a series of three sieves: 3.51, 5.66, and 
9.51 mm mesh sizes. The portion of rumen material 
held in the two larger sieve mesh sizes was ident- 
ified to species when possible. The volume of each 
species was measured by the water displacement 
method, and each food item was tabulated into one 
of the following major food categories: green 
leaves, dry leaves, stems and buds, grasses and 
grass-like plants, fungi, and fruit. Any foods 
unidentifiable to species were also placed into 
one of these categories, 

Material washed through into the smallest 
sieve mesh size was recorded as unidentifiable, 
finely ground material, and its volume was also 
measured. 

Identification of plant parts to species was 
accomplished by intensive microscopic study and 
comparison. Most identifications were based on 
key vegetative characteristics including leaf and 
stem shapes, leaf margins, leaf apices and bases, 
leaf texture, veination patterns, glandular 
structures and surface characteristics such as 
pubescence . 

Data analysis 

One of the basic methods for volumetric 
evaluation of data, as discussed by Martin et al. 
(1946) is the aggregate volume method. The 
aggregate volume was determined for each plant 
species by surtuning the volumes for each series of 
rurnen samples. In this study, a series was repre- 
sented by three rumen samples collected from each 
study site in each season. Next, the volume 
swation was divided by the total identifiable 
food volume for three deer. This aggregate volume 
represents a percentage based upon the total 
identifiable food volume. Arny volume measuring 
less than 0.1% of the identifiable volume was 
recorded as trace. 

The frequency of occurrence of food items 
found in each rumen sample was derived from the 
number of samples in which a particular food item 
occurred. The rumen samples were grouped by season 
and the frequency of occurrence of major species 
eaten each season was calculated along with the 
frequency of occurrence of food items in a series. 

The net primary production of current leaves 
and stems of vegetation up to 5 ft (1.5 m) above 
ground was determined by the double-sampling method 
as described by Wilm et al, (1944). Two-hundred 
milacre quadrats were established in a grid pattern 
on each pine plantation. 

The green weight of current growth was visually 
estimated on all quadrats. Tn addition, the growth 
was clipped up to 5 ft above ground level and 
weighed from 100 milacre quadrats located at every 
fourth sampling point (50 from each study site). 
Current growth was estimated and clipped by 3 
classes: browse, grasses and grass-like plants, and 
f orbs. 

Two sets of data were obtained: one large esti- 
mated sample and a small sample of both estimated 
and actual fresh weights. A correction ratio was 
determined from the relationship of actual fresh 
tissue weights to estimated weights, and used to 
correct the estimates of fresh weights obtained 
from the large sample. 

The fresh plant material collected from clipped 
quadrats was dried to constant weight in a forced 
draft oven at 65OC. Dry matter percentages were 
computed and biomass production data were converted 
to a dry-matter basis. 

To help in the identification of rumen con- 
tents, plant specimens from both study sites were 
collected and preserved for reference purposes. 
Many of the same plants were collected seasonally 
since fresh growing parts often appear different 
from the older, mature plants. Each collected 
plant was preserved by pressing and drying 
(herbarium specimens) or by storing in 5% formalin. 
Plant nomenclature followed the M a d  06  ;the 
vCt.4~lLedtt P&F&3 06 Texa.4 (Correll and Johnston 
1979). 

RESULTS AND DISCUSSION 

During one year, January through December 1982, 
twenty-four rumen samples were collected, 22 of 
which have been analyzed at this point. These 
specimens were obtained from 8 male and 16 female 
deer and the major foods eaten seasonally by study 
area are listed in Tables 1 and 2. 



Table 1 .  Percent  by volume and percentage occurrence of p r i n c i p a l  p l an t  spec i e s  
and p l a n t  p a r t s  consumed seasonally by deer  from S i t e  I. 

Winter Spring Summer 21  Fall-  
P l an t  spec i e s  and p l a n t  partsLi Vol. Occ. Vol. Occ. Vol. Occ. Vol. Occ. -------------------- percent---------------------- 

Sohnum spp . ( f ) 58.0 67 - - - - 31.1 50 
G e e i l e m i w n  a m p a v h e ~  (1,s) 11.2 100 - - - - 1.1 100 
P b n L r r g 0  spp. (1) 8.7 67 - - - - - - 
P i w  a e d a  (1) 5.8 1.00 1 . 9  67 - - - - 
TLex vomaottia (1, S) 3.5 l oo  2.3 67 0.5 33 0.4 50 
Mykccz c d g e i u z  (1,s) 3.4 100 - - - - - - 
Lonicma japunica (1, s 2.8 100 - - 0.9 33 - - 
I ) _ U ~ C U  ~ Q ~ L L L  ( 1 , f )  2.3 100 8 . 1  100 0.9 33 31.6 100 
SmiLax botza-nox (1) 0.7 33 9 .1  100 - - 0.9 50 
TLex decidun ( L) 0.7 l oo  - - - - - - 
Rham~~tlr U U & & ~  (1,s) 0.6 67 1 .3  33 - - - - 
Sm&x n o & n d i b o h  ( 1, f 1 0.5 67 3.5 33 12.1 67 1.1 100 
Nyaaa aylvatica (1) 0.5 33 - - - - - - 
Rubud spp. (1,s) 0.5 67 - - 14.8 100 1 .7  50 
I lex  apaca (1, S)  0.3 33 - - - - 0.6 50 
Caeeicmpa amc)hicam ( 1, s , f ) - - 22.2 l oo  6.7 67 3.4 loo 
V ~ x h  spp. ( 1 , f )  - - 13.1 67 16.6 100 3.6 100 
oxae-i6 spp. (1,s) tY 33 8.6 100 - - 0.4 50 
Vaccinium spp. (1) - - 5.8 loo  0.9 33 - - 
L i q d m b a t t  a 2 y m c i ~ h  (1) - - 4.0 33 - - 0.4 50 
Bmhemia acande~n (1) - - 1 .5  33 - - 0.4 50 
ffypc?nicwn spp. (1,s) - - - - 1.1 33 - - 
Sandadhad d b i d m  (1) - - - - 0.9 33 .. - 

L/l-leaves; s-stems and buds; f - f r u i t .  
Z/ a l l  va lues  based on analyses of 2 rumen samples. 
~ k o u n t s  o f  l e s s  than 0.1% recorded as  t r a c e  ( t ) .  

Table 2 .  Percent  by volume and percentage occurrence of  p r i n c i p a l  p l an t  spec ies  
and p l a n t  p a r t s  consumed seasonal ly  by deer  from S i t e  11. 

Winter Spring Summer 2/ Fal l-  
Vol. Occ. Vol. Otc. Vol. Occ. Vol. Occ. P l an t  spec ies  and p l a n t  pa r t s -  .................... percent---------------------- 

P i w  Xaeda (1) 31.4 l oo  1.2 67 0.9 67 0.6 50 
X e x  v o m ~ o h i a  (1, s) 27.1 100 1 .9  67 0.3 33 1 .9  100 
GePn e n h  a entpevhenh ( 1, s) 12 .1  loo  4.8 l o o  7.2 67 1.2 100 
Mqttica cl)hi(eha (1,s) 8 .0  100 - - - - - - 
P&n&Xg0 spp. (1) 4 .1  33 - - - - - - 
1Lex decidua (1) 3.0 67 0.4 33 - - - - 
Nyaaa bgLvdtica (1) 3.0 67 3.3 33 2.6 67 - - 
R h m m  cattofinian~ (1, s) 2.0 33 6.2 33 - - - - 
~ U ~ C U  nigtta ( 1 , f )  2.0 67 4.8 67 - - 8.7 100 
Sm&x bana-nox (1) 1.0 33 1 .7  67 1 .4  33 1.6 50 
v h X 5  spp. ( 1 , f )  1 .0  33 18.6 100 1.1 67 2.8 50 
?tex opaca (1) 0.4 33 - - - - - - 
cdeeicat~r~a ml)hi~m ( l , s , f )  - - 22.4 100 2.6 67 39.8 100 
Liqddambatt sAqmci6ha (1) - - 11.2 67 1.7 67 0.9 so 
Sm&x &o&ndido& ( 1, s , f ) - - 7.3 33 20.5 100 - - 
Vaccinium spp. (1) - - 2.1 33 - - 0.3 50 
oxU-G.4 spp. (1,s) - - 1.9  67 - - - - 
 rub^ spp. (1,s) - - 1.2  33 1.1 67 1 .6  50 
L a n i c t ~ ~ ~  japonica (1,s) - - - - 2.0 67 1.2 50 
Bachemh a ccrnde~ ( 1 - - - - 1.7 33 - - 
Sadaahtraa dbidum (1) - - - - 0.9 33 - - 
Camtts ~ ~ o t t i d a  ( 1 ; f )  - - - - - .. 27.0 50 
f fdenium ~ l e x u o a m  ( f 1 - - - - - - 0.6 50 

L' 1-leaves; s-stems and buds; f - f r u i t .  
2/ F a l l  values based on ana lyses  of 2 rumen samples. 



Winter Season Table 3. Average percent volume of major food cate- 
gories in rumens of 24 deer, by season and study 

The greatest volume of pine was consumed 
during the winter season. On Site I, pine ranked 
fourth in aggregate volume consumed with 5.8%, and 
was the number one food item on Site I1 with an 
aggregate volume of 31.4% (Fig. 1). On Site I 
seven items exceeded 1.0% aggregate volume and 
accounted for 95% of foods eaten. On Site 11, 
11 items exceeded 1.0% aggregate volume and 
accounted for 97% of foods eaten. 

- - -  Site I 
Site 11 

* Value for 
Site I 

+ Value for 
1/ Site I1 - 

Figure 1. Percent by volume of pine consumed 
by twenty-two white-tailed deer, by season 
and study site. 

- Values for'site I and Site 11 in the fall 
were based on analyses of 2 rumen samples 
from each site. 

Foods selected in greatest amounts by deer 
on both sites were the leaves of yellow jassamine 
(scientific names are listed in Appendix),yaupon, 
southern waxmyrtle, plantain and pine. The fruit 
of nightshade was eaten heavily on Site I as were 
the leaves of Japanese honeysuckle (Table 1). On 
Site 11, the leaves of Carolina buckthorn, decid- 
uous holly, and blackgum were consumed in excess 
of 1.0% aggregate volume (Table 2). The high 
intake of pine coincided with a relatively high 
intake of Southern waxmyrtle, both of which are 
considered non-preferred species (My 1967). 

Grasses and sedges made up at least 17% of 
the winter rumen samples. Fungi, fruit, and dry 
leaves were also well represented on both sites. 
All 4 of these major food categories made up the 
highest percent by volume in the winter season 
(Table 3). The small amounts of green leaves 
present in the winter rumen samples indicated the 
low availability of this forage class during the 
winter season. 

sites. 

1/ 
Major food categories Winter Spring Summer Fall- 

----------- percent---------- 
Site I 
Green leaves 41.2 62.1 62.2 48.8 
Dead leaves 6.1 0.2 - 0.7 
Stems and buds 8.8 30.5 33.5 17.4 
Grasses and sedges 22.2 4.5 1.2 0.9 
Fruit 18.2 0.3 3.2 29.4 
Mushrooms 3.5 2.5 - 2.8 

Site I1 
Green leaves 48.9 69.4 67.2 48.5 
Dead leaves 3.6 0.3 1.1 0.5 
Stems and buds 15.2 26.6 24.8 22.6 
Grasses and sedges 17.7 3.7 2.1 9.2 
Fruit 0.6 - 0.4 5.7 
Hus hrooms 14.1 0.2 4.4 13.5 

Fall values based on analyses of 2 of the Fall 
rumen samples collected for each study site. 

Spring Season 

Rumen analysis of spring rumen samples showed 
a marked difference between winter and spring diets. 
The amount of pine needles in rumen samples de- 
creased considerably (Fig. 1). Pine was found in 
4 of the 6 rumen sampled during the spring season. 
On Site I, 2 of the 3 deer consumed pine for an 
aggregate volume of 1.9%, ranking pine eleventh of 
the sixteen food items identified in the rumen 
samples. All 16 food items exceeded an aggregate 
volume of 1.0%. Two of the 3 deer from Site I1 
consumed pine for an aggregate volume of 1.2%. 
Twenty-three items were identified from the 3 
rumensamples from Site 11, 20 of which exceeded 
1.0% aggregate volume and accounted for 98% of 
identifiable food items. 

The decrease of pine in spring rumen samples 
coincided with a definite increase in green leaves 
such as American beautyberry and greenbriar. 
Southern waxmyrtle was absent from spring rumen 
samples, while species that are leafless in the 
winter and become available to deer in the spring 
occurred in the rumen samples in relatively large 
amounts. Foods selected in greatest; amounts by 
deer on both sites were the leaves of American 
beautyberry, grape and water oak. Deer from Site 
3 also consumed an excess of 3.0% aggregate volume 
of the leaves of saw greenbriar, Oxalis spp., blue- 
berry, common greenbriar, and sweetgum (Table 1). 

On Site XI, over 3.0% aggregate volume of the 
leaves of sweetgum, common greenbriar, Carolina 
buckthorn, Japanese honeysuckle and blackgum were 
consumed (Table 2) . 
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higher percent of the  t o t a l  dry-matter y ie ld  of 
browse on S i t e  I than on S i t e  I1 (Table 5 ) .  S i t e  
I produced 62% preferred browse, while S i t e  I1 
produced only 37%. Dominant species of browse 
on S i t e  I and S i t e  11 a re  l i s t e d  i n  Table 6. 
Loblolly pine made up a t  l e a s t  17% of the  t o t a l  
browse on S i t e  I and 14% on S i t e  11 (Table 6 ) .  

Table 4. Net primary production of vegetation 
during 1982 i n  pounds dry-matter/acre. 

Vegetation c las s  

Net Primary 
Production 

S i t e  I S i t e  11 

---- lbs/ac---- 

Herbaceous vegetation 
Grasses and grass- 

l i k e  plants  92.0 181.4 
Forbs 73.1 50.4 

Total herbaceous 165.1 231.8 

Woody vegetation 
Vines 5.2 1.6 
Shrubs and t r e e  re- 

production 15.0 18.8 

Total  woody 20.2 20.4 

Total production 185.3 252.2 

Table 5. Leaf and stem dry-matter produceda i n  
1982 by preferred and non-preferred species of 
deer browse (pounds/acre) . 

Primary Production 
S i t e  I S i t e  I1 

Preferred species 
Leaves 7.1 3.9 
Stems 3.0 1.7 

Total  10.1 5.6 

Non-preferred species 
maves 4.3 6.3 
Stems 1.9 2.8 

Total  6.2 9.3 

a~ry-mat ter  production of individual p lant  pa r t s  
were estimated (70% leaves: 30% stems) using re- 
s u l t s  of forage s tudies  by Blai r  and Feduccia 1977 
and Blai r  and Brunett 1977. 

Table 6. Average percent composition per acre of 
major browse species on Site I and S i t e  11. 

Average percent 
composition per acre  

Browse species S i t e  I S i t e  11 
C W c m p a  amrUtica~a 29.0 18.5 
~i~u- idmbah 6 . t q m c i b k a  
P ~ M W  ;taeda 
Rubud spp. 
Quacun  daecata 
Q u m u n  n;gm 
Smieax bona-nox 
S d x  holtundi6ol &I 
Smilax g P m c a  
Vaccin-ium spp. 
Mynica cenidm 
Ampdophh ahbohea 
P a 6 6 i i t o ~  .h-tea 
S a a a i h a  d b i d u m  
R b  c a p W n a  
V i x A  spp. 
Nyaaa ay?euaXLca 
TLex vomCtohia 
[Luehcun 
[Luehcul, ph&oa 
C a w  aempav.ihenn 
c h & e g ~  spp. 
TQex opaca 
Parr;thenaciaaun q U . i A ~ ~ e ~ 0 ~  
Uhun spp. 
Cays tornenfoaa 
Acm mbm 

nub 0coideMAaein 
Bacchanin h ~ i b o k  

Analysis of variance of the  volume of pine i n  
rumen samples showed highly s ignif icant  (P< 0.01) 
differences between seasons and between study s i t e s .  
The volume of pine was considerably higher i n  winter 
rumen samples, while spring and summer rumen samples 
contained very small amounts of pine. This seasonal 
difference was fur ther  i l l u s t r a t e d  by the  aggregate 
volume values calculated f o r  loblol ly  pine (Tables 
1, 21 

A s ign i f i can t  block x treatment in teract ion 
term indicated t h a t  rumen samples collected from one 
study s i t e  during a pa r t i cu la r  season di f fered be- 
tween s i t e s  i n  the  volume of pine i n  rumen samples. 
S i t e  I generally showed a lower volume of pine i n  
the rumen samples, which indicated t h a t  more highly 
preferred species were present o r  more abundant on 
S i t e  I, o r  t h a t  the  competition by deer on S i t e  11 
was more intense than on S i t e  I. 

S t a t i s t i c a l  analysis r e s u l t s  may be changed 
s l i g h t l y  when analysis of variance is  performed 
a f t e r  r e s u l t s  from f a l l  rumen analysis i s  included. 
However, the  d r a s t i c  seasonal differences i n  
aggregate volume values f o r  pine indicate  d i f fe-  
rences between seasons and between study s i t e s  w i l l  
remain s ignif icant .  



S U CONCLUSIONS 

Ut i l i za t i on  of indiv idual  p l a n t  species by 
deer var ied  between seasons. Foods ranking high 
i n  winter  were t he  leaves of l ob lo l ly  p ine ,  
southern wamyrt le ,  yellow j e s smine  and Japanese 
honeysuckle, and the  f r u i t  of n ight  shade, while 
the  leaves of m e r i c a n  beautyberry, grape, water 
oak and greenbr iar  were favored i n  spring.  I n  

er, t h e  leaves of blackberry,  grape and 
limerican beautyberry ranked h ighes t ,  while oak 
mast, nightshade f r u i t  and the  f r u i t  and leaves 
of flowering dogwood ranked h ighes t  i n  f a l l .  
Differences i n  deer use of major p l a n t  ca tegor ies  
followed these  trends:  green leaves ranked higher 
than o the r  ca tegor ies  i n  spr ing  and s m e r ,  while 
f r u i t  and mushrooms made up a subs t an t i a l  p a r t  of 
the  deer  d i e t  i n  f a l l  and winter. 

Chanqes i n  p l a n t  spec ies  and p l a n t  p a r t  in take  
were a t t r i b u t e d  p a r t l y  t o  increas ing  a v a i l a b i l i t y  
of o ther  more prefer red  species,  o r  p l an t s  may have 
developed c e r t a i n  phys ica l  o r  chemical p rope r t i e s  
making them unpalatable t o  deer during c e r t a i n  
times of t he  year. Longhurst Et. (1968) sug- 
gested t h a t  biogenesis of i nh ib i to ry  compounds i n  
maturing vegetat ion can a f f e c t  p a l a t a b i l i t y .  

Forage production r e s u l t s  indica ted  a d i f -  
ference between study s i t e s  i n  production of 
grasses  and forbs.  Tota l  production f o r  S i t e  I1 
was higher due t o  almost twice as many pounds pe r  
acre  of grasses  produced on S i t e  11, though fo rb  
production was l e s s  on S i t e  I1 than on S i t e  I 
(Table 4 ) .  Leaf and stem dry-matter produced by 
prefer red  spec ies  was much higher on S i t e  I than 
on S i t e  11, while production of non-preferred 
species was higher on S i t e  I1 than on S i t e  1 
(Table 5 ) .  These r e s u l t s  indica ted  browse con- 
d i t i o n s  f o r  deer were b e t t e r  on S i t e  I than on 
S i t e  11, which could p a r t l y  account f o r  t he  much 
higher consumption of p ine  during the  winter  on 
S i t e  11. 

Forage production r e s u l t s  a l s o  determined 
p l a n t  spec ies  occurring i n  rumen samples but  not  
found i n  t he  p lanta t ions  included flowering dog- 
wood, oak mast, and Alabama supple jack. 

Winter rumen samples indica ted  a lower avai l -  
a b i l i t y  of prefer red  browse with an increased 
consmption of undesirables such a s  pine and 
southern w a a y r t l e .  Southern waxmyrtle i s  a 
widely d i s t r i bu t ed ,  evergreen t h i r d  choice spec ies  
which is  an excel len t  i nd i ca to r  of t he  s t a t u s  of 
deer herds. More than 5 t o  10% use i n  winter  
i nd i ca t e s  heavy pressure on the  avai lab le  food 
supply by deer  ( B y  l967)-  Lay found when ha l f  
of t h e  cu r r en t  growth of wamyrt le  is used, pine 
browsing by deer w i l l  follow, 

There i s  l i t t l e  reported evidence of damage 
t o  l ob lo i ly  pine seedlings due t o  deer browsing. 
The d i g e s t i b i l i t y  of pine i s  believed t o  be governed 
t o  some ex ten t  by the  adverse impact of r e s i n s  and 
and v o l a t i l e  o i l s  on the  microbial  population in-  
habi t ing  t h e  deer rumen (Nagy 1970). 

Southern pines demonstrate a tremendous a b i l i t y  
t o  survive and recover rapid ly  with r e s i l i e n c e  from 
extreme forms and i n t e n s i t i e s  of i n ju ry  i$ewis 
1980). However, i f  seedlings a r e  i n  a low s t a t e  
of v igor ,  under extreme s t r e s s ,  o r  subjected t o  
extreme tentperatures they could be much more m i -  
nerable t o  in jury .  This study indica ted  times of 
food shortage and low a v a i l a b i l i t y  of p re fe r r ed  
deer browse occurred i n  Sanuary and February. 
Reavy deer d e n s i t i e s  could lead to pine dmage a t  
t h i s  time of t he  year especia l ly  i f  t he  seedlings 
had j u s t  been planted.  

There is  a w i l d l i f e  management implicat ion i n  
t h i s  study which may apply t o  a r eas  i n t ens ive ly  
managed f o r  p ine  pulpwood and sawtimber i n  t he  
South. A s  shown by the  r e s u l t s  of t h i s  s tudy,  t he  
a v a i l a b i l i t y  of food resources i n  pure pine s tands  
of c e r t a i n  ages and a t  ce r t a in  times of t he  year 
may be se r ious ly  l imited.  Keeping the  deer  herd 
a t  a l e v e l  i n  compliance with t he  mount  of food 
avai lab le  should be an important considerat ion t o  
those i n t e r e s t e d  i n  maintaining a healthy deer  
herd. When deer a r e  forced t o  browse lob lo l ly  
pine,  deer s u f f e r  a s  well  a s  t he  pines.  
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Table 1: The common and scientific names of plants 
mentioned in the text. 

C'~>rnon - names -- --- 
Alabama supple jack Bmchm-;Z ~ C C P ~ ~ Q M ~  ( E r l l )  K .  Koch 
American beautyberry t d f i c a p a  m&(ticann L. 
American holly 1 l k x  OpaCU Ai t. 
Blackberry  rub^ spp. 
Blackyum Ng~da  ,$qfvatx'cu Marsh 
Blueberry Vaccinirm spp. 
Common greenbriar S x ~ ~ o ~ f i h i ~ o & i ~  L. 
Carolina buckthorn R h a m ~  caho~vt iana Walt. 
Deciduous holly ltex decaua Malt. 
Flowering dogwood Cotlnt~ fieOkid~ L. 
Grape V i X l i A  spp. 
Greenbriar Stnihix- spp. 
~obfo~ly pine P i n u  ;taeda L. 
Nightshade Sa&mum spp. 
Nits-and-lice H$p&cwn spp. 
Plantain Ph&g0 spp. 
Sassafras Smna&m db idwn  (~utt. ) Nees 
Saw greenbriar S d a x  bona-nox L. 
Souther11 waxmyrtle M@ictl c h 6 ~ 1 ~ .  L. 
Sweetgum LLyGdmbat t  6tykac idha  L. 
Water oak @ll(thct~c~ fligtra L. 
Yaupon T t 4 x  vanli,tottia Ait. 
Yellow jessamine Ge& m h  n mpehvL~elzcl [L . I 

A i t .  f. 
Sneezeweed f f d e f i h  @exuobum R a f .  
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