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'ref ace 

This  pape r  de sc r i be s  the technology 
rf euca lyp tu s  c u l t u r e  i n  F l o r i d a ,  It is 
.ntended t o  h e l p  l a n d o m e r s  dec ide  i f  
:hey want to grow euca lyp t s  f o r  
" n d u s t r i a f  wood product ion,  t o  h e l p  
: o r e s t e r s  p r e s c r i b e  s i l v i c u l t u r a l  prac-  
:ices, and t o  inform t h e  world @s euca- 
. yptus  t e c h n o l o g i s t s  of new methods 
teveloped i n  F lo r i da ,  The s t r a t e g y  used 
.n F l o r i d a  t o  domes t ica te  a new wood 
:rop i n  a d i f f i c u l t  environment could be 
L model f o r  o t h e r s  t o  fol low,  n o t  on ly  
r i t h  e u c a l y p t s  bu t  wi th  o t h e r  s p e c i e s .  

P r a c t i c e s  i n  F l o r i d a  are developing 
rapidly ,  and our  purpose is t o  p rov ide  
: u r r en t  in format ion .  Prev ious ly  
inpubl ished r e sea r ch  r e s u l t s  a r e  
reported from the Lehigh A c r e s  l abora -  
lory of t h e  USDA F o r e s t  Se rv i ce ,  and 
from t h e  F l o r i d a  F o r e s t s  Foundation,  
rhich was absorbed by t h e  Lehigh Acres 
Laboratory. Cooperator 's exper imenta l  
r e s u l t s  a r e  drawn upon a s  needed. 

The work descr ibed  was done wi th  t he  
i e l p  s f  many coopera tors ,  Seve ra l  of 
:hem p a r t i c i p a t e d  i n  a formal  euca lyp tu s  
research coope ra t i ve  and a r e  mentioned 
in t h e  s e c t i o n  on h i s t o r y .  Other 
:ooperators  i n  f i e l d  exper iments  have 
3een Alico,  Inc , ,  Babcock F l o r i d a  
;ompany, C o l l i e r  Corporat ion,  
Seorgia-Pacif  i c  Corporat ion,  Turner 
:orporat ion,  and Walt Disney World, 

Jackson Burgess, founder of t he  
? l o r i d a  F o r e s t s  Foundation,  s t a r t e d  f o r -  
rial r e s ea r ch  on euca lyp t s  i n  F lo r i da .  :. P, Lykes and Ben Swendsen of Lykes 
3ros, ,  Inc ,  , have provided s o l i d  suppor t  
Eor t he  r e s ea r ch  over  t h e  yea r s ,  The 
Tlor ida  Div i s ion  of Fo re s t ry  has  p a r t l y  
financed t h e  research ,  and many of i ts  
?ersonne l  have p a r t i c i p a t e d  i n  a v a r i e t y  

rote: The use  of t r a d e ,  f i rm,  o r  cor-  
, o r a t i on  names i n  t h i s  p u b l i c a t i o n  is  
'o r  the  in format ion  and convenience of 
:he reader .  Such use  does no t  c o n s t i -  
:u te  an o f f i c i a l  endorsement o r  approval  
ry t h e  U , S ,  Department of Agr i cu l t u r e  o r  
:he Fo re s t  Serv ice  of any p roduc t  o r  
, e r v i c e  t o  t h e  exc lus ion  of o t h e r s  t h a t  
lay be s u i t a b l e ,  

of r e s e a r c h  s t u d i e s .  Fsnployees of the 
vided much a s s i s t a n c e  d e s c r i b i n g  s o i l s  
i n  t h e  f i e l d ,  

The Aus t r a l i an  common names of euca- 
l y p t s  a r e  seldom d e s c r i p t i v e  of s p e c i e s  
c h a r a c t e r i s t i c s  i n  F lo r i da ,  and a 
s e p a r a t e  convent ion f o r  names has devel-  
oped h e r e ,  The common name of a euca- 
l y p t  i n  F lo r i da  u s u a l l y  comes from i ts  
s c i e n t i f i c  name, Thus Euca lyp tus  
grandis  H i l l  ex  m i d e n  is known simply 
a s  "grandis ."  That convent ion is used 
i n  t h i s  p u b l i c a t i o n .  Occas iona l ly ,  a 
more d e s c r i p t i v e  nickname is used i n  
F l o r i d a ;  f o r  example, Spanish camaldu- 
l e n s i s  t o  de s igna t e  a s t r a i n  of 
camaldu lens i s  t h a t  came from seed 
imported from Spain,  The s c i e n t i f i c  
names of euca lyp tus  s p e c i e s  mentioned i n  
t h e  t e x t  a r e  l i s t e d  i n  t h e  Appendix, 

Summary 

Eucalyptus  t r e e s  have been p l an t ed  
on 4 m i l l i o n  ha (10 m i l l i o n  a c r e s )  i n  
t h e  world because of t h e i r  r a p i d  growth, 
a d a p t a b i l i t y  t o  d i v e r s e  s i t e s ,  and a b i l -  
i t y  t o  coppice .  Eucalypts  were f i r s t  
p l a n t e d  i n  F lo r i da  i n  1878, b u t  no 
i n d u s t r i a l  p l a n t a t i o n s  w e r e  e s t a b l i s h e d  
u n t i l  1972. By 1981, 6,000 ha (15,000 
a c r e s )  of euca lyp tus  pulpwood plan-  
t a t i o n s  e x i s t e d  i n  sou the rn  F lo r i da  due 
t o  a coopera t ive  r e sea r ch  and develop- 
ment e f f o r t  by government, p r i v a t e  land-  
owners, and i ndus t ry .  The a r e a  i n  
euca lyp tu s  p l a n t a t i o n s  may expand 
r a p i d l y  i n  F lo r i da  a s  s t r a i n s  of t r e e s  
and s u i t a b l e  s i l v i c u l t u r a l  methods a r e  
developed f o r  c e n t r a l  and no r the rn  
F l o r i d a ,  and t h e  c o a s t a l  p l a i n  of o t h e r  
Southern S t a t e s ,  

Proper  s p e c i e s  s e l e c t i o n ,  s i t e  
s e l e c t i o n ,  and s i t e  p r e p a r a t i o n  a r e  c r i t -  
i c a l  t o  p l a n t a t i o n  e s t ab l i shmen t ,  
Grandis and robus ta  a r e  recommended f o r  
p l a n t i n g  on palmet to  p r a i r i e  and a c i d  
f latwoods of the  sou thern  p l a n t i n g  zone,  
Camaldulensis and t e r e  t i c o r n i s  a r e  
recommended f o r  r i dges .  Grandis and 
robus t a  grow e x c e l l e n t l y  on subsided 
muck s o i l s ,  bu t  t he se  s o i l s  a r e  no t  p r e s -  
e n t l y  a v a i l a b l e  t o  f o r e s t r y ,  Lack of 
s u i t a b l e  s t r a i n s  of euca lyp t s  o r  proven 
s i l v i c u l t u r a l  t echn iques  p r even t  recom- 
mendations f o r  o t h e r  l and types  i n  t h e  
sou the rn  zone. 



C a m a l d u l e n s i s ,  m a c a r t h u r i i  , nova- 
a n g l i c a  , tere t i c o r n i s ,  v i m i n a l i s  , and a  
s a l i g n a  X t e r e t i c o r n i s  h y b r i d  are 
s u i t a b l e  f o r  p l a n t a t i o n s  i n  t h e  c e n t r a l  
zone ,  However, l a c k  o f  g e n e t i c a l l y  
improved s e e d s  and  i n s u f f i c i e n t  
knowledge of s i t e  r e q u i r e m e n t s  and  
s i l v i c u l t u r a l  t e c h n i q u e s  res t r ic t  
p l a n t i n g  t o  small test  p l a n t a t i o n s ,  
G r a n d i s  and r o b u s t a  might  'ne s u i t a b l e  
f o r  t h e  c e n t r a l  zone  d e s p i t e  danage  from 
f r e e z e s ,  b e c a u s e  more wood migh t  be p ro -  
duced  i n  p l a n t a t i o n s  of t h e s e  s p e c i e s  
t h a n  i n  p l a n t a t i o n s  of s lower  growing,  
more f  r e e z e - r e s i s  t a n t  s p e c i e s ,  

M a c a r t h u r i i ,  nova -ang l i ca ,  and virni- 
n a l i s  show e x c e p t i o n a l  promise  i n  t h e  
n o r t h e r n  zone ,  b u t  a lack of g e n e t i c a l l y  
improved s e e d s  p r e c l u d e s  commercia l  
p l a n t i n g  a t t h i s  t i m e ,  

S o i l  t y p e  and s i t e  d r a i n a g e  have  a 
pronounced e f  fecY on e u c a l y p t u s  growth ,  
and  t he  e f f e c t  v a r i e s  with s p e c i e s ,  
Even on f l a t l a n d s  t h e r e  is  enough s o i l  
v a r i a t i o n  t h a t  s o i l  mapping p r i o r  t o  
p l a n t i n g  t o  d e l i n e a t e  p r i o r i t y  s o i l s  f o r  
p l a n t i n g  would be b e n e f i c i a l ,  

p l a n t a t i o n s  i n  F l o r i d a  s h o u l d  be 
e s t a b l i s h e d  w i t h  e u c a l y p t u s  s t r a i n s  b r e d  
i n  F l o r i d a ,  because  p l a n t a t i o n s  
e s t a b l i s h e d  w i t h  impor t ed  s e e d s  have 
been  u n s a t i s f a c t o r y  f o r  i n d u s t r i a l  wood 
p r o d u c t i o n ,  S e l e c t i o n  f o r  f r e e z e  
r e s i s t a n c e  is i m p o r t a n t  i n  t h e  F l o r i d a  
b r e e d i n g  work, However, s t r i v i n g  for  
comple t e  r e s i s t a n c e  may reduce  y i e l d s  
too much, s o  some r i s k  o f  f r e e z e  damage 
c a n  be a c c e p t a b l e ,  

G e n e t i c a  Lly  improved s e e d s  and 
s e e d l i n g s  of  g r a n d i s ,  r o b u s t a ,  camaldu- 
l e n s i s ,  and t e r e t i c o r n i s  a r e  a v a i l a b l e  
from the F l o r i d a  D i v i s i o n  of F o r e s t r y ,  
A b r e e d i n g  sys t em t h a t  u s e s  r e c u r r e n t  
s e l e c t i o n  i n  s u c c e s s i v e  g e n e r a t i o n s  of  
o p e n - p o l l i n a t e d  f a m i l i e s  is  most 
advanced f o r  g r a n d i s ,  which i n  F l o r i d a  
i s  a l a n d r a c e  from three g e n e r a t i o n s  of 
s e l e c t i o n .  

Methods have been  developed f o r  s e e d  
c o l l e c t i o n ,  e x t r a c t i o n ,  c l e a n i n g ,  g e r -  
m i n a t i o n  t e s t i n g ,  and s t o r a g e .  P e l L e t e d  

s e e d s  are p rec i s ion - sowed  i n  n u r s e r y  eon- 
t a i n e r s  t h a t  are d e s i g n e d  t o  a i r - p r u n e  
r o o t s ,  Seed l ings  are removed from t h e  
c o n t a i n e r s  and  are s h i p p e d  t o  p l a n t i n g  
s i t e s  i n  c a r d b o a r d  b o x e s ,  

E x p e r i e n c e  i n  s i t e  p r e p a r a t i o n  is  
c o n c e n t r a t e d  on p a l m e t t o  p r a i r i e  i n  t l  
s o u t h e r n  zone,  and t o  a much l e s s e r  
e x t e n t  on c u t o v e r  and stumped a c i d  f l <  
woods i n  t h e  s o u t h e r n  and c e n t r a l  zone 
S t a n d a r d  s i t e  p r e p a r a t i o n  on t h e s e  la1 

i s  to  e i t h e r  doub le  chop,  c r o s s  d i s k ,  
r o o t  plow, Ground rock phospha te  (GRI 

i s  b r o a d c a s t  i f  g r a n d i s  o r  r o b u s t a  art 
t o  be p l a n t e d  (GRP is t o x i c  t o  carnaldl 
l e n s i s  and t e r e t i c o r n i s ) ,  and beds  art 

c o n s t r u c t e d ,  Beds are e s s e n t i a l  on 
s i t e s  t h a t  may be f l o o d e d  a t  summer 
p l a n t i n g  t i m e ,  Bedding a l s o  o f t e n  
c o n t r o l s  some t y p e s  of  compet ing  veget 
t i o n  b u t  n o t  t h e  g r a s s e s  found on o l d -  
f i e l d  s i t e s ,  

P l a n t i n g  is t y p i c a l l y  done i n  sumn 
i n  t h e  s o u t h e r n  and c e n t r a l  zones ,  
b e c a u s e  it is t h e  o n l y  s e a s o n  i n  whick 
a d e q u a t e  s o i l  m o i s t u r e  i s  c e r t a i n ,  Mc 
p l a n t i n g  is  done w i t h  b a r e - r o o t  machir 
p l a n t e r s  d e s i g n e d  f o r  p i n e s ,  

I n  F l o r i d a ,  p l a n t a t i o n s  a r e  n o t  
t e n d e d  a f t e r  p l a n t i n g ,  h u t  weed c o n t r c  
would p r o b a b l y  be ve ry  b e n e f i c i a l .  
A p p l i c a t i o n  of  n i t r o g e n  f e r t i l i z e r  t o  
young s t a n d s  a l s o  might  g r e a t l y  s t imu-  
l a t e  growth ,  

P l a n t a t i o n s  of  g r a n d i s  and r o b u s t a  
i n  t h e  s o u t h e r n  zone are c u r r e n t l y  prc 
d u c i n g  pulpwood a t  a r a t e  of 16 m3 p e r  
h a  p e r  y r  ( 2 , 5  c o r d s / a c r e / y r ) ,  Much 
h i g h e r  y i e l d s  of t o t a l  biomass c a n  be  
a c h i e v e d  by i n t e n s i f y i n g  s i l v i c u l t u r a l  
p r a c t i c e s  and p l a n t i n g  a t  h i g h  s e e d l i n  
d e n s i t i e s ,  Y i e l d s  of o t h e r  s p e c i e s  a n  
i n  o t h e r  p l a n t i n g  zones  a r e  unknown, 

L i t t l e  h a r v e s t i n g  o f  e u c a l y p t u s  ha  
o c c u r r e d  i n  F l o r i d a ,  Chain  saws o r  
s h e a r s  w i l l  p r o b a b l y  be  s a t i s f a c t o r y  
f o r  h a r v e s t  as l o n g  as stump b a r k  is  n  
damaged, Whole-tree c h i p p i n g  would 
r e d u c e  E i r e  h a z a r d ,  keep d e b r i s  o f f  
s tumps ,  and r e d u c e  r e g e n e r a t i o n  from 
s e e d ,  a l t h o u g h  n u t r i e n t  d r a i n  is a con 
c e r n ,  One major problem t o  face 
f o r e s t e r s  is the u n r e l i a b l e  c o p p i c i n g  6 

g r a n d i s  i n  F l o r i d a ,  e s p e c i a l l y  a f t e r  a 
summer h a r v e s t .  

C a t t l e  and d e e r  danage  newly 
e s t a b l i s h e d  p l a n t a t i o n s ,  and  f i r e  c a n  1 
a problem i n  p l a n t a t i o n s  of any  age i f  
a n  u n d e r s t o r y  of  saw-palmetto or o t h e r  
f lammable v e g e t a t i o n  is present, 
I n s e c t s ,  d i s e a s e s ,  and l i g h t n i n g  are 
n u i s a n c e s ,  b u t  t h e y  are n o t  s e r i o u s  



l i m i t i n g  f a c t o r s  i n  growing euca lyp t s  i n  
F l o r i d a ,  Hurr icanes  could cause  s e r i o u s  
p l a n t a t i o n  l o s s e s ,  

The e u c a l y p t s  s e l e c t e d  f o r  growing 
i n  F l o r i d a  a r e  good f u r n i s h  f o r  pu lp ,  
They would be a good cho ice  f o r  fuelwood 
p l a n t a t i o n s ,  and o t h e r  u s e s  are 
p o s s i b l e ,  

U s e  of roo ted  c u t t i n g s  and t i s s u e  
c u l t u r e  p l a n t s  from c loned  s u p e r i o r  
trees promises l a r g e  ga in s  i n  adapt- 
a b i l i t y  and p r o d u c t i v i t y ,  

Intraduction 

Euca lyp ts  a r e  evergreen  hardwood 
trees and shrubs  of t h e  genus E u c a 2 y p t w  
i n  t h e  f ami ly  Myrtaceae. The genus 
i nc ludes  about  500 species (Roland and 
o t h e r s  1980; Chippendale 1976; and Mall 
and o t h e r s  19701, a lmos t  a l l  n a t i v e  t o  
A u s t r a l i a  and a d j a c e n t  i s l a n d s ,  Seve ra l  
are n a t i v e  t o  Indonesia ,  Papua, New 
Guinea, and the P h i l i p p i n e s  ( F A 0  of t h e  
UN 1981 1, b u t  only two of t he se  s p e c i e s ,  
deg lup t a  and u rophy l l a ,  a r e  no t  a l s o  
nat i ve  t o  Austral. i a ,  The genus has  
a t t r a c t e d  worldwide i n t e r e s t ,  because 
e u c a l y p t s  have grown e x c e p t i o n a l l y  
r a p i d l y  i n  s h o r t - r o t a t i o n  p l a n t a t i o n s  
when p l a n t e d  i n  c o u n t r i e s  where they  a r e  
n o t  n a t i v e ,  Moreover, t h e  stumps of 
most p l a n t a t i o n  s p e c i e s  s p r o u t  a f t e r  
h a r v e s t ,  making coppice  r egene ra t i on  
p o s s i b l e ,  Because of high p r o d u c t i v i t y  
and ease of r egene ra t i on ,  euca lyp tus  
p l a n t a t i o n s  occupy 4 m i l l i o n  ha (10 
m i l l i o n  a c r e s )  worldwide ( F A 0  of t h e  UN 
1981)--prabably more p l a n t a t i o n  a r e a  
than t h a t  of a l l  o t h e r  hardwoods com- 
b ined ,  m o n g  t h e  hundreds of euca lyp tus  
s p e c i e s ,  no more than  30 have shown 
p o t e n t i a l  f o r  h igh-y ie ld ing  t imber  plan-  
t a t i o n s  ( F A 0  of t he  UPJ 1981 ) ,  Almost 
a l l  t h e  w a r l d s s  saereage of euca lyp tu s  
p l a n t a t i o n s  is p l a n t e d  t o  just 10 
spec i e s :  camaldu lens i s ,  globulus,  gran- 
d i s ,  maculata,  p a n i c u l a t a ,  r obus t a ,  
s a i igna ,  t e r e t i c o r n i s  , urophyl la ,  and 
vizninal is  (FAG of t h e  UN 1981 ) , 

I n  sou thern  F lo r i da ,  euca lyp t s  grow 
much more r a p i d l y  than o t h e r  hardwoods 
o r  p ine s  on a ~ ~ ' a r i e t y  of sites, Rapid 
growth might make euca lyp tus  f a r e s  t a t i o n  
p r o f i t a b l e  on Land p r e s e n t l y  no t  
r e p l a n t e d  folLowing t imber h a r v e s t  and 
on rangeland wi th  low c a r r y i n g  capac i t y .  

Demand f o r  a c c e s s i b l e  hardwood s u p p l i e s  
when bottom lands  a r e  f looded i n  
no r the rn  F l o r i d a ,  and t he  adap t ion  of  
euca lyp t s  t o  a v a i l a b l e  low-quali ty 
rangeland i n  sou the rn  F l o r i d a  Zed ta &he 
e s t ab l i shmen t  of  6,000 ha (15,000 acres) 
of euca lyp t s  w e s t  of  Lake Okeechabee 
between 1972 and 1981, 

Poss ib ly  a m i l l i o n  h e c t a r e s  i n  
southern F l o r i d a  and a far l a r g e r  a r e a  
i n  t h e  S t a t e  as a whale have p t e n t i a l  
for  euca lyp tus  p l a n t a t i o n s  , P l a n t i n g  
s t o c k  and c u l t u r a l  t echn iques  a r e  
a v a i l a b l e  t=a p l a n t  euca lyp t s  opera- 
t i o n a l l y  i n  sou thern  F lo r i da  and on a 
p i l o t  s c a l e  i n  c e n t r a l  F l o r i d a ,  Freeze-  
t o l e r a n t  s t ock  is no t  a v a i l a b l e  f o r  
p l a n t i n g  f a r t h e r  no r th  b u t  soon may be,  
Thus, euca lyp tus  p l a n t i n g  could expand 
r a p i d l y  over  t h e  nex t  10 yea r s  i n  
F l o r i d a  and i n  t h e  warm c o a s t a l  r eg ions  
o f  neighboring s t a t e s ,  

His tory 

The e a r l i e s t  documented p l a n t i n g  of 
euca lyp t s  i n  F l o r i d a  was i n  1878 on 
M e r r i t t  I s l a n d ,  I n  1910, Zon and 
Br i scoe  ( 1 91 1 ) found euca lyp t s  growing 
a t  27 l o c a t i o n s ,  and 16 s p e c i e s  w e r e  
r ep r e sen t ed ,  They urged cau t i on  i n  
e s t a b l i s h i n g  commerical p l a n t a t i o n s  
because of i n s u f f i c i e n t  in format ion  on 
matching s p e c i e s  t o  s i t e s  , s i l v i c u l t r x r a l  
p r a c t i c e s ,  and y i e l d s ,  and an u n c e r t a i n  
market f o r  t h e  wood, They po in ted  ta a 
need f o r  sy s t ema t i c  i n t r o d u c t i o n  of spe- 
c i e s  and planned exper iments ,  

Zon and Briscoe-  c au t i on  w a s  
heeded, mrough  t h e  f i r s t  ha l f  of the 
20th cen tury ,  some euca lyp t s  were 
p l a n t e d  i n  F lo r i da  for shade,  ornamen- 
t a l s ,  and windbreaks, e s p e c i a l l y  around 
homesteads i n  sou thern  F lo r i da ,  and a 
f e w  smal l  p l a n t a t i o n s  were e s t a b l i s h e d ,  

However, Zon and Briseoe" c a l l  f o r  
s c i e n t i f  i e  r e s ea r ch  went unheeded until 
1959, 

In 1959 i n  Fort Myers, the private 
F l o r i d a  Fo re s t s  Foundation s t a r t e d  
s c i e n t i f i c a l l y  based euca lyp tus  r e s e a r c h  
t h a t  included s p e c i e s  s e l e c t i o n  for 
va r ious  l and types ,  s i t e  p r epa ra t i on ,  
f e r t i l i z a t i o n ,  spacing,  weed c o n t r o l ,  
and nurse ry  p r a c t i c e s ,  The F lo r i da  
F o r e s t s  Foundation was absorbed by t h e  



USDA F o r e s t  Se rv i ce  i n  1965, and t h e  
euca lyp tu s  r e s ea r ch  was cont inued b u t  a t  
a reduced l e v e l ,  I n  about  1966, the 
F l o r i d a  D iv i s i on  of Fo re s t ry  (FDF) 
pub l i shed  a p l a n t i n g  guide f o r  euca lyp t s  
i n  F l o r i d a  (Schory [n.d,]  ) , However, 
u n t i l  1972, on ly  r e sea r ch  p l a n t a t i o n s  
had been e s t a b l i s h e d ,  

A t  t h a t  t i m e ,  some pu lpmi l l s  i n  
no r the rn  F l o r i d a  wanted euca lyp tus  wood, 
b u t  they  d i d  n o t  own land  s u i t a b l e  f o r  
growing it, because only sou thern  
F l o r i d a  appeared t o  have accep t ab l e  
f r o s t  r i s k  f o r  growing euca lyp t s ,  Some 
sou the rn  F l o r i d a  landowners wanted t o  
grow wood, b u t  they  were u n c e r t a i n  about  
markets,  s i l v i c u l t u r a l  p r a c t i c e s ,  and 
y i e l d s ,  The FDF had a bare - roo t  p ine  
nu r se ry  i n  sou the rn  F l o r i d a  b u t  could 
n o t  i n v e s t  i n  euca lyp tu s  c o n t a i n e r  f a c i l -  
i t i es  w i thou t  an  a s su r ed  market, and 
t h e  technology was Packing f o r  mass pro- 
ducing s e e d l i n g s  a t  low c o s t ,  The 
Sou thea s t e rn  F o r e s t  Experiment S t a t i o n ,  
USDA F o r e s t  Se rv i ce ,  had t h e  r e sea r ch  
e x p e r t i s e  needed t o  develop t h e  tech-  
nology, b u t  it was not c e r t a i n  t h a t  
t h e r e  were s u f f i c i e n t  c l i e n t s  f o r  t he  
r e s ea r ch  . 

Impetus f o r  major p l a n t i n g  came i n  
1971 wi th  fo rmat ion  of a euca lyp tus  
r e s ea r ch  coope ra t i ve  designed t o  a i d  
F o r e s t  Se rv i ce  s c i e n t i s t s  a t  Lehigh 
Acres, F l o r i d a ,  t o  develop gene t i c a l l y  
improved p l a n t i n g  s t o c k ,  nu r se ry  prac-  
t i c e s ,  and e s t ab l i shmen t  t echn iques ,  
Cooperat ing fo rma l ly  wi th  t he  Fo re s t  
Se rv i ce  f o r  va r i ous  pe r i ods  of time were 
Buckeye C e l l u l o s e  Corp, , Per ry ,  F la  . ; 
Conta iner  Corp, of America, Fernandina 
Beach, F l a ,  ; t h e  FDF; Hudson Pulp & 

Paper Corp,, Pa l a tka ,  F l a , ;  I n t e r -  
n a t i o n a l  Paper Co, , Bainbridge,  Ga , ; 
ITT riayonier, Fernandina Beach, F la , ;  
Lykes Bros, ,  Inc ,  , Tampa, F l a ,  ; and 

S t ,  Regis Paper Co,, J a c k s o n v i l l e ,  Fla .  
The coope ra t i ve  e f f o r t  shared  t h e  r i s k s  
and broke t he  b a r r i e r s  t h a t  had pre -  
vented commerical euca lyp tu s  p l a n t i n g  
(Uhr 19'76). 

I n  1972 a q u a l i t y  f a c i a l  t i s s u e  wi th  
i d e a l  s t r e n g t h  and s o f t n e s s  was manufac- 
t u r e d  i n  a F lo r i da  pu lpmi l l  from a m i l l -  
s c a l e  run of g r and i s  grown i n  F lo r i da ,  
and t h i s  added conf idence  t o  commerical 
euca lyp tu s  growing (Uhr 19761, Also i n  

1972, t h e  North Ca ro l i na  S t a t e  
Un ive r s i t y  (NCSU) Hardwood Management 
Cooperat ive  began sy s t ema t i c  t e s t i n g  t o  
f i n d  euca lyp t s  hardy enough t o  w i th s  t a n  
t h e  f r e e z i n g  temperatures  of no r the rn  
~ l o r i d a  and t he  c o a s t a l  p l a i n  of o t h e r  
Southern S t a t e s ,  

S p e c i e s  and S i t e s  

Proper  s p e c i e s  s e l e c t i o n ,  s i t e  
s e l e c t i o n ,  and s i te  p r epa ra t i on  are c r i .  
i c a l  t o  p l a n t a t i o n  e s t ab l i shmen t  . 
Spec ies  t r i a l s  and p l a n t i n g  t e s t s  
s u g g e s t  t h r e e  p l a n t i n g  zones i n  F l o r i d a ,  
based on t h e  s e v e r i t y  of f r e eze  damage 
t o  s e v e r a l  euca lyp tus  s p e c i e s  ( f i g ,  1 ) , 

Figure f . - Provisional eucalyptus planting zones in 
Florida. 

Southern Zone 

I n  t he  sou thern  zone, f i v e  s p e c i e s  
and two hybr ids  s t a n d  o u t  i n  v igor  and 
f r e e z e  r e s i s t a n c e  ( t a b l e  1 ) , Four of 
these--carnaldulensis , g rand i s ,  robus t a ,  
and t e r e t i c o r n i s - - a r e  c u r r e n t l y  used f o r  
p l a n t a t i o n s ,  Rudis has been excluded 
because i ts  poor form makes it u n s u i t -  
a b l e  f o r  pulpwood, The camaldu lens i s  



Table 1 - Eucalyptus species that are suitable after genetic improvement for industrial wood plantations in Florida. 

ldulensis 
I s r a e l  yes  Probably  No Good growth r a t e  on a  v a r l e t y  of s r t e s ,  Yedrocre f o r e ;  polpinq None. [Prqpagate  at'? 

f r e e z e  r e s r s t a n t  i ? )  r n  s o u t h e r n  zone n 2 t  t e s t e d  r o o t e d  c u t t l n q s  o r  tr-ssue 
c u i t * x e  a l a n t s  

Spain  t4o Good growth r a t e  e x c e p t  on .+et s r t e s ,  F a i r  f o r n ;  as good a s  S r a r c e  - sporadic seed 
p l a n t  on excessrveLy d r a r n e d  s i t e s  r n  native "iardwood p l p  prodi - ic t~on f rm f r r s t -  
s o u t h e r n  zone and on a l l  h u t  vet s i t e s  f i r n r s b ,  l f  n o t  S e t t e r  q e n e r a t i o n  seed o r c h a r d .  
l n  c e n t r a l  zone; good c h o i c e  f o r  ( " r a r k i r n  1977) ( C a r  propagate  with r o o t e d  
rec larmed s t r r p  m n e s ;  very  f r e e z e  c u t t r n q s  o r  t l r s u e  c u l t u r e  
r e s r l l e n t  zn c e n t r a l  zone p lant . ; )  

No Vigorous growth on a  v a r i e t y  of s i t e s ;  Crooked, l l n b y ;  Yore. i Propaqa t e  wl t h  
e x c e p t i o n a l l y  f r e e z e  r e s r s t a n t  i n  p u l p i n g  n o t  t e s t e d ,  r o o t e d  r u r t r n q s  o r  t i + % u c  
s o u t h e r n  zone b u t  9 r c k  bark may be c u l t u r *  p l a n t s )  

a  problem 

Western 
A u s t r a l i a  

Yes Probably  

Camaldulensis 
X grandis 

Morocco and Yes Probably  No Very Vrgorous growth on a  v a r r e t y  of Good for*;  rsuLplnq None. (Propaqa t e  wr t h  
F l o r i d a  s l t e s ;  f r e e z e  r e s r s t a n t  (7 l n  s o u t h e r n  n o t  t e s t e d  r o o t e d  c u t t i n q s  o r  t t s s u e  

zone  c u l t u r e  p l a n t s )  

Grandis 
Many Yes P r o v l s l o n a l l y  No Very v lgorous  growth on a c i d  f la twoods  E x c e l l e n t  form; Abundant from t h r r d -  

and p a l m e t t o  p r a r r r e ;  f r e e z e  r e s r l r e n t  a s  good a s  n a t l v e  q e n e r a t i o n  of s e l e c t i o n ;  
IR s o u t h e r n  zone; f r e e z e  s u s c e p t i b l e  t o  har5wood p u l p  f u r n l s h ,  f o u r t h - q e n e r a t r o n  seed 
modera te ly  f r e e z e  r e s r l l e n t  i n  c e n t r a l  r f  not  b e t t e r  a v a l  l a h l e  soon. (9ooted  
zone;  c o p p l c e s  p o o r l y  from summer ( F r a n k l i n  1977) c u t t r n q q  and t i s s u e  c u l t s ~ r e  
h a r v e s t s  p l a n t s  a r e  nn o p t i o n )  

Grandis 
X robusta 

F l o r r d a  
s e l e c t i o n s  

Yes P r o v i s x o n a l l y  No Apparent h y h r l d  v l g o r  and b e t t e r  Probably  s l m i l a r  t o  None. (Propaqate  wrth 
c o p p l c l n g  a b l l r t y  than pure  g r d n d l s  g r a n d r s  and r o b u s t a  r o o t e d  c u t t l n q s  o r  t l s s u e  

c u l t u r e  p l a n t s  1 

Macarthurii 
Many Yes Very f r e e z e  resistant; p r e f e r r e d  s l t e s  F a l r  Form; p u l p  None. f Propaga t Lon by r o o t e d  

n o t  d e f i n e d  q u a l r  ty unknown c u t t r ~ a s  o r  t'i4sile i - u l t u r e  
p l a n t s  r m q t ~ t  i-ie p o s s r b l e i  

Yes 

Nova-anglica 
Many Yes Yes Very f r e e z e  r e s , s t a n t ;  p r e f e r r e d  s l t e s  F a r r  Earn; u l ~ l p i n q  None. (Propagat1  on by 

n o t  d e f i n e d  p r o p e r t r e s  s l m r l a r  r o o t e d  r a t t l n q s  o r  t r s s u e  
t o  n a t i v e  hardwoods r d l t u r e  p lant i ;  m g h t  be 
(Hunt and Zohel 1978) p o s s r b l e )  

Robusta 
Many Yes P r o v i s i o n a l l y  No Grows a s  w e l l  a s  g r a n d i s  on w e t t e r  s o i l s  Good form; a s  good a s  Abundant from t h i r d -  

o f  p a l m e t t o  p r a i r i e  and f la twoods;  n a t l v e  hardwood p u l p  q e n e r a t i o n  of s e l e c t i o n .  
p r o b a b l y  more f r e e z e  resilient than f u r n i s h ,  i f  n o t  b e t t e r  (Rooted c u t t i n q s  and 
g r a n d i s :  c o p p i c e s  more r e l i a b l e  than ( F r a n k l i n  1977) t i s s u e  c u l t u r e  p l a n t s  a r e  
g r a n d i s ,  e s p e c i a l l y  i o  summer an  o p t r o n )  

Rudis 
Western 
A u s t r a l l a  

Yes Probably  No Vigorous qrowth on a  v a r i e t y  of s i t e s ;  Crloked, l i n h v ;  None. (Propaqace wi th  
e x c e p t i o n a l l y  f r e e z e  r e s i s t a n t  rn  p n l p i n q  n o t  t e s t e d  r o o t e d  c u t t i n q s  o r  t i s s u e  
s o u t h e r n  zone c u l t u r e  p l a n t s  ! 

Saligna Y 
teraticornis 

Unknown Maybe P r o v i s i o n d l l y  No Grows s lower  than qrar idrs ,  h o t  is ncre  Good form; prohahiy  Tenuot~s ;  c i n q i e  t r e e  i n  
f r e e z e  resilient qood pip Or iando . i Propaqa ce wi th  

r o o t e d  c u t t r n n s  o r  t i s s u e  
r:ll txlre pian" j 

* r e t i c o r n i s  
Unknown Yes Yes No Good grow", r a t e ;  p l a n t  on e:<cessive;y Good f o r s ;  q.,eii i,in;y 

d r a r n e d  s i t e s  ~n noutharfi zone, good f o r  NSSC pi;p 
c h o i c e  f o r  rec la imed s t r r p  m z e s  ~ r :  ( F r a n k l r n  1977 ,  ; 
c e n t r a l  zone; f r e e z e  r e s i s  tzncci s l l q l l t i y  d e n s e s t  ,.?coi of 
less than +&.at 3f  Spanrsh c a m a l d i ~ l e n s l s ;  s e l e c t e d  e u c a l y p t s  
growth r a t e  l e s s  t k a c  t h a t  -if Spanish 
c a a a l d u 1 e r . s ~ ~  on b e t t e r  d r a i n e d  s o i l s ,  
b u t  mrght ke t h e  b e t t e r  grower on poorer  
d r a i n e d  s o i l s  

"iore d?~lur:.iniit tliaii 

- r i ina . ldul~nsrs ,  but  a:lppl:esr 
sporadi  r ;  two f l r s t -  
creceratrnr.  seed o r c h a r d s  -- 
S t .  iWo and F o r t  e a d e ;  t h e  
L a t t e r  iy t;4e more f r e e z e -  
hrdy strain. :oocte<d 
c;tit-c.~os ?-;A "Irssue e i l t u r e  
p l a n t s  arr i n  -iptlnrii 

Yes Yes Best  p r o s p e c t  f g r  n o r t h e r n  zone; f r e e z e  F a i r  form; p3:ping Noqe. '"ro!>,qatro~ by 
r e s i s t a n t ;  s r t e s  n o t  d e f i n e d  p r o p e r t i e s  s i m r l a r  t o  r o o t e d  c u t t i n q s  o r  t i s s u e  

na tl we h a r 9 i o n ~ : i s  n u l t u r e  p l a n t s  r n r ~ h t  
: " : u n t a n d Z o b e l  1378) p o s s i b l e )  



X g r a n d i s  and g r a n d i s  X r o b u s t a  
h y b r i d s  are d e s i r a b l e ,  b u t  F1 h y b r i d  
s e e d s  c a n n o t  be mass produced.  
Camaldulensis  p l a n t i n g  is r e s t r i c t e d  t o  
a  s t r a i n  t h a t  o r i g i n a t e d  from s e e d  
c o l l e c t e d  i n  Spa in ,  because  t h i s  s t r a i n  
h a s  s u p e r i o r  form, 

S i t e s  s u i t a b l e  and a v a i l a b l e  f o r  
p l a n t i n g  i n  the s o u t h e r n  zone a r e  sandy 
s o i l s  of the p a l m e t t o  o r  d r y  p r a i r i e ,  
p i n e  f l a  twoods , p i n e  -oak f o r e s t  , and 
s c r u b  r i d g e s  (Davis  1943) , The p a l m e t t o  
p r a i r i e  and t h e  p i n e  f l a twoods  a r e  s i m i -  
l a r  i n  s o i l s  and v e g e t a t i o n  w i t h  t h e  

d i s  on a l l  e x c e p t  t h e  wettest s o i l s  and 
r i d g e s ,  r o b u s t a  on the wetter s o i l s ,  and 
c a m a l d u l e n s i s  and t e r e t i c o r n i s  on the 
r i d g e s ,  Camaldulensis  and t e r e t i c o r n i s  
a r e  a l s o  recommended f o r  t h e  major 
r i d g e s  such  as t h e  Highlands Ridge 
(Davis  1943) ,  Subsided muck s o i l s  
(Snyder  and o t h e r s  1978) can be p l a n t e d  
w i t h  e i t h e r  g r a n d i s  o r  r o b u s t a ,  which 
grow o u t s t a n d i n g l y  on these s o i l s ,  b u t  
i n t e n s i v e  a g r i c u l t u r e  c u r r e n t l y  o c c u p i e s  
a l m o s t  a l l  d r a i n e d  mucklands, 

Cent ra l  Zone 

Camaldulensis ,  m a c a r t h u r i i ,  nova- 
a n g l i c a ,  t e r e t i c o r n i s ,  v i m i n a l i s ,  and a 
s a l i g n a  X t e r e t i c o r n i s  h y b r i d  have s u f -  
f i c i e n t  r e s i s t a n c e  t o  f r e e z e s  f o r  t h e  
c e n t r a l  zone ( t a b l e  1  ) . However, l a c k  
of g e n e t i c a l l y  improved s e e d s  and i n s u f -  
f i c i e n t  knowledge of s i t e  requ i rements  
and e s t a b l i s h m e n t  t echn iques  r e s t r i c t  
p l a n t i n g  t o  small t r i a l s ,  Camaldulensis  
and t e r e t i c o r n i s  appear  t o  be t h e  b e s t  
s p e c i e s  f o r  r ec la imed  phosphate  s t r i p  
mines,  which a r e  a common land type  i n  

A pa Pmetto prairie, a preferred land type for planting the c e n t r a l  zone, b u t  s u c c e s s  is d i f -  
eucalypts in the Southern planting zone. f i c u l t  t o  p r e d i c t  because  of t h e  

e x c e p t i o n  t h a t  t h e  p r a i r i e s  have always 
been t r e e l e s s .  P ine  f l a twoods  are 
e i t h e r  f o r e s t e d  now o r  c u t o v e r ,  Many 
si tes of the t y p e s  d e s c r i b e d  have been 
farmed t e m p o r a r i l y  and a r e  known a s  o l d  
f i e l d s  , 

P r a i r i e  and f l a twoods  s o i l s  t h a t  a r e  
s u i t a b l e  f o r  p l a n t i n g  range from p o o r l y  
d r a i n e d ,  and o c c a s i o n a l l y  f l o o d e d ,  t o  
modera te ly  w e l l  d r a i n e d  r i d g e s .  I n t e r -  
s p e r s e d  are a r e a s  of  w e t  p r a i r i e  
(Davis  1943) u n s u i t a b l e  f o r  p l a n t i n g .  
On raw l a n d ,  saw-palmetto,  Serenoa 
r epem ( B a r t r . )  Smal l ,  i s  a  h e l p f u l  
i n d i c a t o r  of n a t u r a l  d r a i n a g e  s u i t a b l e  
f o r  e u c a l y p t s ,  Tke l a c k  of saw-palmetto 
i n d i c a t e s  t h e  s i t e  is t o o  w e t ,  Some 
f  la twoods  have t h i n  s o i l s  over  c a l c a r e -  
ous  m a t e r i a l s - - o f t e n  mar l  o r  l imerock ,  
Very l i t t l e  r e s e a r c h  has  been done on 
t h e s e  sweet f l a twoods  s o i l s ,  b u t  growth 
o f  the few e u c a l y p t u s  p l a n t i n g s  h a s  been 
poor .  There a r e  no recommended s p e c i e s  
o r  e s t a b l i s h m e n t  t echn iques  f o r  sweet 
f l a  twoods . 

On the p a l m e t t o  p r a i r i e  and a c i d  
f  la twoods  , recommended s p e c i e s  a r e  gran-  

v a r i a b i l i t y  of r ec la imed  s o i l s ,  
Grand i s  and r o b u s t a  p l a n t e d  i n  t h e  

c e n t r a l  zone of t e n  a r e  f r o z e n  t o  t h e  
ground i n  t h e  f i r s t  w i n t e r  a f t e r  
p l a n t i n g ,  b u t  most i n d i v i d u a l s  c o p p i c e  
t h e  f o l l o w i n g  s p r i n g  and t h e  v igorous  
copp ice  growth f r e q u e n t l y  s u r v i v e s  
f r e e z e s  i n  subsequen t  w i n t e r s ,  even 
though t h e r e  is  o f t e n  s u b s t a n t i a l  crown 
damage. These trees have produced more 
wood than  s lower  growing, more f r e e z e -  
r e s i s t a n t  s p e c i e s ,  Flatwoods a r e  b e s t  
s u i t e d  f o r  g r a n d i s  and r o b u s t a  i n  t h e  
c e n t r a l  zone,  and p l a n t i n g  of these spe-  
c i e s  shou ld  be con t inued  i n  s m a l l  a r e a s  
f o r  s e l e c t i o n  of o u t s t a n d i n g  i n d i v i -  
d u a l s .  K i r t o n i a n a  and a r o b u s t a  x r u d i s  
h y b r i d  show p t e n t i a l  f o r  t h e  c e n t r a l  
zone,  b u t  l i t t l e  r e s e a r c h  has  been done 
on them, 

Northern Zone 

M a c a r t h u r i i  , nova-angl ica ,  and vimi - 
n a l i s  show e x c e p t i o n a l  promise i n  t h e  
n o r t h e r n  zone (Hunt and Zobel 1978; 
t a b l e  1 ) . A l a c k  of g e n e t i c a l l y  
improved s e e d s  p r e c l u d e s  commercial 



p l a n t i n g  a t  t h i s  t i m e .  Dalrympleana and 
r u b i d a  also might be  s e l e c t i v e l y  b red  
i n t o  s u i t a b l e  s p e c i e s  f o r  p l a n t i n g ,  
Gamphora, c i n e r e a ,  and n e g l e c t a  are 
e x c e p t i o n a l l y  f r e e z e  r e s i s t a n t  i n  t h e  
n o r t h e r n  zone,  b u t  their growth rate and 
form a r e  t o o  poor f o r  c o n s i d e r a t i o n  a s  
p l a n t a t i o n  s p e c i e s ,  

EdaM ic and Sil v i c u l  t u r a l  E f f e c t s  

S o i l  t y p e  h a s  a  pronounced e f f e c t  on 
e u c a l y p t u s  growth, and t h e  e f f e c t  v a r i e s  
w i t h  s p e c i e s ,  Even on t h e  ve ry  f l a t  
l a n d  of s o u t h e r n  F l o r i d a ,  t h e r e  is  
s u b s t a n t i a l  v a r i a t i o n  i n  s o i l  t y p e  over  
s h o r t  d i s t a n c e s .  The r e s u l t  is  
"mic ros i  t e "  v a r i a t i o n  i n  tree growth 
w i t h i n  p l a n t a t i o n s ,  For example, i n  one 
67-ha (168 a c r e s )  p l a n t a t i o n  on p a l m e t t o  
p r a i r i e  i n  Glades County, 50 p e r c e n t  of 
t h e  a r e a  c o n t a i n s  73 p e r c e n t  of t h e  
volume, I n  t h i s  p l a n t a t i o n ,  a t  l e a s t  
f o u r  d i f f e r e n t  s o i l s  o c c u r ,  and t h e s e  
form a  continuum i n  c h a r a c t e r i s t i c s  from 
Ona f i n e  sand ,  which h a s  the p o o r e s t  
i n t e r n a l  d r a i n a g e  and t h e  h i g h e s t  summer 
water t a b l e ,  t o  Immokalee f i n e  sand ,  

which has  t h e  b e s t  i n t e r n a l  d r a i n a g e  and 
t h e  lowes t  summer wa te r  t a b l e ,  Grand i s  
and r o b u s t a  a l t e r n a t e  i n  s t r i p s  s i x  beds  
wide over  t h e  p l a n t a t i o n ,  Grandis  h a s  
grown b e s t  i n  t h e  d r i e r  a r e a s  of the 
p l a n t a t i o n  ( f i g ,  21, Robusta growth was 
a f f e c t e d  less t h a n  g r a n d i s  by s o i l  t y p e ,  
b u t  it has  grown much s lower  than gran-  
d i s  on t h e  d r i e r  s o i l s ,  These r e l a -  
t i o n s h i p s  of g r a n d i s  and r o b u s t a  t o  s o i l  
t y p e  and d r a i n a g e  s t a t u s  have been 
observed i n  o t h e r  p l a n t a t i o n s ,  There- 
f o r e ,  s o i l  mapping can be b e n e f i c i a l  i n  
s e l e c t i n g  a r e a s  and s p e c i e s  t o  p l a n t ,  
a l t h o u g h  n o t  a l l  poor m i c r o s i t e s  can  be 
exc luded  from a p l a n t a t i o n  because  of  
t h e i r  s c a t t e r e d  o c c u r r e n c e  and s m a l l  
s i z e ,  

Drainage c h a r a c t e r i s  t i c s  a l s o  are 
i m p o r t a n t  i n  matching s p e c i e s  and si tes 
i n  c e n t r a l  F l o r i d a ,  b u t  i n d i c a t o r s  are 
n o t  as w e l l  known as i n  s o u t h e r n  
F l o r i d a ,  The growth of Spanish  camaldu- 
l e n s i s  and t e r e t i c o r n i s  from t h e  S t .  Leo 
s e e d  o r c h a r d  i n  F l o r i d a  was measured on 
a  bedded Elatwoods i n  c e n t r a l  F l o r i d a  
t h a t  r a n  from a pond edge t o  a  r i d g e  t o p  
( f i g ,  3 ) .  The trees grew M s t e r  i n i -  
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Figure 2-Hejgh1 of 4.5-yea~o1d grandis and mbusfa 617 different soij series sf pafmetto prairie in Glades CountyJ 
FIorida. The number a t  the base of  each bar denotes the number sf plots representing each species on each ssj! 
serjes. Air' the soibs are poor/y drainedp ssanrly, siliceous, kyperthermic representatives of the Great Group of 
Hapiaqusds. Soils are arranged according fo depth lo a spadic horkon: Ona, less fhan 25 cm; Srn yma, 25 to 516 ern; 
Myabcka* 50 to 75 cm; and immoka!eeJ 75 to 625 c w i h i s  gradient also corfesp~nds to drainage, with Ona most poorIy 
drain-red and lmmokaiee least poorly drained* (2% McCellum of  the USDA Soil Consemation Sewice described and 
mapped the ssijs.) 
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Figure 4.-Improving growth of grandis by 
successive generations of selection. 

Figure 3. -Growth of Spanish camaldulensis (CJ 
and St. Leo tereticornis (T) on a bedded flatwoods * 

in central Florida with a soil gradient from very wet 
to very dry. 

t i a l l y  i n  t h e  i n t e r m e d i a t e  a r e a  of t h e  Medi ter ranean climate of Western 
p l a n t a t i o n ,  p robab ly  because  t h e  beds on A u s t r a l i a  d i s p l a y  broad a d a p t a b i l i t y  i n  
t h e  r i d g e  w e r e  t o o  d r y  ( b u t  bedding was s o u t h e r n  F l o r i d a ,  as have s o u r c e s  of  
needed t o  c o n t r o l  v e g e t a t i v e  competi-  t h e s e  s p e c i e s  from t r e e s  growing a s  ex- 
t i o n ) ,  L a t e r ,  growth became f a s t e r  on o t i c s  i n  t h e  Medi ter ranean Basin ( I s r a e l ,  
t h e  d r i e r  a r e a s .  Spa in ,  Morocco). 

I n  r e c e n t  y e a r s  lowered wa te r  t a b l e s  
due t o  e x t e n s i v e  d r a i n a g e  and a q u i f e r  
pumping have obscured t h e  r e l a t i o n s h i p s  
o f  growth t o  s o i l  series i n  some a r e a s ,  
I n  o t h e r  a r e a s ,  w e i r s  i n s t a l l e d  on 
dra inways  keep water t a b l e s  a r t i f i c i a l l y  
h i g h  d u r i n g  t h e  d r y  season .  There fo re ,  
s o i l  series, whi le  i m p o r t a n t  i n  s p e c i e s  
and s i t e  s e l e c t i o n ,  can  a t  times be a  
poor  g u i d e  w i t h o u t  a d d i t i o n a l  i n f o r -  
mat ion on p r e s e n t  d r a i n a g e  c o n d i t i o n s  . 

I n t r o d u c i n g  s p e c i e s  from A u s t r a l i a n  
climates matched t o  F l o r i d a ' s  c l i m a t e  
h a s  been s u c c e s s f u l  (i .e., g r a n d i s  and 
r o b u s t a )  b u t  n o t  c o n c l u s i v e ,  A common 
g e n e r a l i z a t i o n  h o l d s  t h a t  s p e c i e s  n a t i v e  
t o  a r e a s  of  A u s t r a l i a  w i t h  d r y  summers 
and w e t  w i n t e r s  (Medi te r ranean  c l i m a t e )  
a d a p t  p o o r l y  when i n t r o d u c e d  t o  a r e a s  
w i t h  w e t  summers and d r y  w i n t e r s ,  l i k e  
s o u t h e r n  F l o r i d a .  G e n e r a l l y  t h e  r u l e  
h a s  h e l d ,  w i t h  dozens of  A u s t r a l i a n  
w i n t e r  r a i n f a l l  s p e c i e s  f a i l i n g  i n  
s o u t h e r n  F l o r i d a  t r ia ls .  But t h e r e  a r e  
n o t a b l e  e x c e p t i o n s ;  s o u r c e s  of camaldu- 
l e n s i s  and r u d i s  i n t r o d u c e d  from the 

S p e c i e s  respond t o  s i t e  t r e a t m e n t s  
d i f f e r e n t l y ,  On s i t e s  f e r t i l i z e d  w i t h  
GRP, g r a n d i s  responded w i t h  added 
growth,  b u t  camaldu lens i s  and t e r e t i c o r -  
n i s  became s t u n t e d  and t h e  l e a d e r s  d i e d  
back,  But w i t h o u t  GRP, camaldu lens i s  
o f  t e n  grew a s  f a s t  a s  g r a n d i s ,  i f  n o t  
f a s t e r  . 

P l a n t  Loca l ly  Improved Stock 

When someone r e a d s  a b o u t  t h e  amazing 
p r o d u c t i v i t y  of some s p e c i e s  o r  s t r a i n  
o f  e u c a l y p t u s  i n  some o t h e r  p a r t  of  t h e  
world ,  t h e  tendency is  t o  want to p l a n t  
t h e  same material i n  F l o r i d a  t o  g e t  t h e  
same y i e l d s ,  That  approach is a 
mis take .  Euca lyp tus  p l a n t a t i o n s  
e s t a b l i s h e d  from imported s e e d s  have 
been u n s a t i s f a c t o r y  f o r  i n d u s t r i a l  wood 
p r o d u c t i o n  i n  F l o r i d a ,  because  most of 
t h e  i n t r o d u c e d  i n d i v i d u a l s  were p o o r l y  
adap ted  t o  F l o r i d a  c o n d i t i o n s  , But 
s e l e c t i o n  and b r e e d i n g  of t h e  b e s t  i n d i -  
v i d u a l s  i n  t h e s e  p l a n t i n g s  has  r e s u l t e d  



i n  l o c a l l y  adapted s t r a i n s  and l a r g e  
ga in s  i n  p r o d u c t i v i t y  ( f i g ,  4) ,  There- 
f o r e ,  p l a n t a t i o n s  should be e s t a b l i s h e d  
on ly  wi th  improved s t r a i n s  s e l e c t e d  i n  
F l o r i d a ,  

Orchards f o r  t he  p roduc t ion  of gene- 
t i c a l l y  improved seeds  a r e  e s t a b l i s h e d  
on p r i v a t e  l and ,  The FDF main ta ins  
t h e s e  o rchards  and c o l l e c t s  t h e  s eeds ,  
The seed  o r cha rds  a r e  t h e  f i n a l  p roduc t  
o f  t he  F o r e s t  S e r v i c e ' s  long-term 
breed ing  program t h a t  w i l l  be de sc r i bed  
l a t e r  i n  t h i s  paper ,  The NCSU Hardwood 
Cooperat ive  has  a s i m i l a r  program f o r  
deve lop ing  euca lyp tus  s t r a i n s  s u i t a b l e  
f o r  the no r the rn  zone and t h e  c o a s t a l  
p l a i n  of o t h e r  Southern S t a t e s .  

blowing co ld s  (Johnson 1970).  Radia t ion  
f r e e z e s  a r e  most common, wi th  a l a y e r  of 
f r e e z i n g  a i r  ex tend ing  from ground l e v e l  
t o  a h e i g h t  of on ly  a few cen t ime t e r s  o r  
meters .  Tree crowns and stems may o r  
may no t  be damaged, depending on t h e i r  
h e i g h t  and bark t h i cknes s .  Blowing 
c o l d s  a r e  less common b u t  more de s t ruc -  
t i v e ,  wi th  f r e e z i n g  a i r  churning through 
t h e  crowns of even t h e  t a l l e s t  t r e e s ,  

I n  gene ra l ,  f a s  t-growing euca lyp tus  
s p e c i e s  a r e  less f r e e z e  r e s i s t a n t  than  
s lower  growing s p e c i e s .  Growers and 
t r e e  b reeders  must dec ide  how much 
f r e e z e  damage t o  r i s k  i n  s t r i v i n g  f o r  
h igh  y i e l d .  

Res is t a n t  I n d i v i d u a l s  
S e l e c t  i o n  fo r  Freeze Res is t a n c e  

Eucalypts  do no t  have annual  r e s t i n g  
buds,  I n s t ead  they have i nde t e rmina t e  
shoo t s  t h a t  grow cont inuous ly  a s  long a s  
c o n d i t i o n s  a r e  f avo rab l e ;  t h e r e  is no 
requ i rement  f o r  rest o r  overwin te r ing  
(FA0 of t h e  UN 1981; f i l l i s  and B r ~ w n  
1978).  I n  sou thern  F lo r i da ,  euca lyp t s  
grow through the  w in t e r  excep t  f o r  
pe r i ods  of e x t r a o r d i n a r y  co ld  o r  
d rought ,  Continuous growth maximizes 
wood produc t ion ,  b u t  it a l s o  maximizes 
f r e e z e  hazard.  

Freeze  r e s i s t a n c e  is  a c r i t i c a l  
s e l e c t i o n  f a c t o r  i n  F l o r i d a ,  The need 
f o r  f r e e z e  r e s i s t a n c e  i n c r e a s e s  from 
s o u t h  t o  no r th  and i n l and  from e i t h e r  
c o a s t .  Te s t i ng  i s  chancy because of 
year- to-year  v a r i a t i o n  i n  t he  type ,  
t iming ,  and i n t e n s i t y  of f r e e z e s .  The 
l a r g e r  a tree is a t  t h e  t i m e  of a 
f r e e z e ,  t h e  g r e a t e r  i t s  r e s i s t a n c e  , 

Assessments of euca lyp tus  f r e e z e  
r e s i s t a n c e  i n  o t h e r  p a r t s  of t he  world 
o f t e n  a r e  no t  f u l l y  p r e d i c t i v e  of 
r e s u l t s  i n  F lo r i da .  In  t h e i r  n a t i v e  
A u s t r a l i a  and i n  some o t h e r  c o u n t r i e s  
where euca lyp t s  grow a s  e x o t i c s ,  coo l  
weather  precedes  f r e e z e s  and hardens  t he  
t r e e s ,  I n  F lo r i da ,  swift-moving co ld  
f r o n t s  t u r n  balmy a f te rnoons  i n t o  
f r e e z i n g  mornings ove rn igh t ,  s e v e r e l y  
c h a l l e n g i n g  t he  t ende r ,  growing 
e u c a l y p t s ,  

Two types  of f r e e z e s  occur i n  penin- 
s u l a r  F lor ida- - rad ia t ion  f r e e z e s  and 

Some t r e e s  of a s p e c i e s  a r e  more 
f r e e z e  r e s i s t a n t  than o t h e r s ,  and t h e s e  
make va luab le  b reed ing  pa r en t s  f o r  
improving t o l e r a n c e  t o  f r e e z e s .  W e  
s e l e c t  f o r  two types  of to lerance--  
f r e e z e  r e s i s t a n c e  and f r e e z e  r e s i l i e n c e ,  

Freeze-resilient eucalypts which froze to the ground in 
their first winter and withstood subsequent freezes. On 
most stools, several coppice shoots self-thinned to a 
single main stem, but some original competing shoots 
can still be seen. 



The c rowns  of r e s i s t a n t  s e l e c t i o n s  a r e  
l i g h t l y  damaged, i f  a t  a l l ,  by s e v e r e  
f r e e z e s  , Other  s e l e c t i o n s  are o n l y  
f r e e z e  r e s i l i e n t ,  The i r  stems may be 
k i l l e d  t o  the ground by a ha rd  f r e e z e  i n  
t h e i r  f i r s t  w i n t e r ,  b u t  they  r e s p r o u t  
s w i f t l y  and g r a c e f  u l l y ,  I n  subsequen t  
w i n t e r s  they  s u f f e r  o n l y  s u p e r f i c i a l  
damage, I n d i v i d u a l s  n e i t h e r  r e s i s t a n t  
n o r  r e s i l i e n t  s imply  d i e  o r  f r e e z e  t o  
t h e  ground and r e s p r o u t  y e a r  a f t e r  y e a r ,  

I n  p r a c t i c a l  terms, a p l a n t a t i o n  of 
f u l l y  f r e e z e - r e s i l i e n t  t r e e s  may l o s e  6 
months of growth t o  a  s e v e r e  f r e e z e ,  b u t  
it is n o t  d e s t r o y e d ,  I n  c e n t r a l  
F l o r i d a ,  moderate ly  f r e e z e - r e s i l i e n t  
s e l e c t i o n s  from s p e c i e s  l i k e  g r a n d i s  and 
r o b u s t a  t h a t  a r e  on average f r e e z e -  
s u s c e p t i b l e  i n  the c e n t r a l  zone,  o f t e n  
produce more wood than  s e l e c t i o n s  from 
s lower growing,  f  r e e z e - r e s i s  t a n t  spe-  
cies, e v e n  a f t e r  s u b t r a c t i n g  f r e e z e  
l o s s e s ,  Almost a l l  select trees have 
been p i c k e d  w i t h i n  t h e  p a s t  9  y e a r s ,  and 
a l l  have been s u b j e c t e d  t o  s e v e r e  
f r e e z e s ,  They may n o t  have been t e s t e d  
a s  y e t ,  however, by t h e  s t r o n g e s t  f r e e z e  
t h a t  migh t  o c c u r ,  

The Breeding Strategy 

Large  v a r i a t i o n s  among trees i n  
r e s i s t a n c e  t o  f r e e z i n g  and i n  o t h e r  
c h a r a c t e r i s t i c s  make e u c a l y p t s  good can- 
d i d a t e s  f o r  g e n e t i c  improvement, I t  
s h o u l d  b e  recogn ized ,  however, t h a t  t h e  
s e l e c t i o n  and b r e e d i n g  p r o c e s s  is 
complex. Many s p e c i e s  have a  wide eco- 
l o g i c a l  and g e o g r a p h i c a l  r ange ,  and seed  
s o u r c e s  from th roughout  t h e  range  shou ld  
be t e s t e d  b e f o r e  r e j e c t i n g  a  s p e c i e s  a s  
u n s u i t a b l e .  E u ~ a l y p t s  h y b r i d i z e  r e a d i l y  
under some condi  t i o n s  . The h y b r i d s  
c o m p l i c a t e  d e t e r m i n a t i o n  of t h e  q u a l i  t y  
o f  t h e  a f f e c t e d  s p e c i e s ,  f o r  f i r s t  c r o s s  
( F l  ) h y b r i d s  o f t e n  show h y b r i d  v i g o r ,  
whereas t r e e s  grown from s e e d s  c o l l e c t e d  
from h y b r i d s  are o f t e n  i n f e r i o r ,  

S i n c e  commerical p l a n t i n g  began i n  
F l o r i d a  i n  7972, s e e d l i n g s  s u p p l i e d  by 
t h e  FDF n u r s e r y  f o r  each  p l a n t i n g  s- ~ a s o n  
have been t h e  b e s t  g e n e t i c  s t o c k  
a v a i l a b l e  from an  ongoing t r e e  improve- 
ment program of t h e  F o r e s t  S e r v i c e ,  The 
b r e e d i n g  sys tem u s e s  r e c u r r e n t  s e l e c t i o n  
t o  d e r i v e  s e e d l i n g  s e e d  o r c h a r d s  from 

s u c c e s s i v e  g e n e r a t i o n s  of open- 
p o l l i n a t e d  f a m i l i e s  ( F r a n k l i n  and 
Meskimen 1975) , m c a l y p t s  a r e  b a s i c a l l :  
i n s e c t  p o l l i n a t e d  (Pryor  1976) ,  and  
b e e h i v e s  a r e  s t a t i o n e d  i n  t h e  o r c h a r d s  
d u r i n g  f l o w e r i n g  season .  Commercial 
s e e d  i s  h a r v e s t e d  from t h e  o r c h a r d ' s  
b e s t  mother trees a s  i d e n t i f i e d  by p rog .  
eny t e s t i n g .  A l l  s eed  is  s t o r e d  
s e p a r a t e l y  by mother trees, s o  i n  any 
c r o p  yea r  the latest  progeny t e s t  
r e s u l t s  a r e  used t o  s e l e c t  seed  from the 
b e s t  mother trees f o r  t h e  c u r r e n t  
s e a s o n ' s  n u r s e r y  c r o p ,  

Breeding p o p u l a t i o n s  p r e s e n t l y  
i n v o l v e  f o u r  s p e c i e s  : g r a n d i s ,  r o b u s  t a ,  
c a m a l d u l e n s i s ,  and t e r e t i c o r n i s  . 
Grandis  b reed ing  i s  most advanced and 
b e s t  i l l u s t r a t e s  the s y s  t e m ,  

Grandis Breed ing  Population 

Grandis  p l a n t e d  i n  F l o r i d a  c o n s t i -  
t u t e s  a  l a n d r a c e  developed through t h r e e  
g e n e r a t i o n s  of s e l e c t i o n  and progeny 
t e s t i n g  i n  t h e  Local  environment ,  The 
f o u r t h - g e n e r a t i o n  b r e e d i n g  p o p u l a t i o n  is 
r e a d y  f o r  convers ion  t o  a  s e e d l i n g  s e e d  
o r c h a r d .  The b r e e d i n g  system h a s  com- 
b i n e d  s p e c i e s  t r i a l s ,  provenance 
t e s t i n g ,  and progeny t e s t i n g  i n  t h e  same 
p l a n t i n g s  (see f i g ,  4--saligna i n c l u d e d  
i n  a  t h i r d - g e n e r a t i o n  b r e e d i n g  popu la -  
t i o n  of g r a n d i s  9 .  Spec ies  t r i a l s  a r e  
phased o u t  d u r i n g  rogu ing  t o  a  s e e d l i n g  
s e e d  o rchard .  The b e s t  s p e c i e s  is  
r e t a i n e d  i n  t h e  s e e d l i n g  seed  o r c h a r d ,  
w h i l e  t h e  o t h e r  s p e c i e s  a r e  e l i m i n a t e d .  

A s  many g r a n d i s  s e e d l o t s  a s  p o s s i b l e  
have been imported.  I d e a l l y ,  s e e d l o t s  
r e p r e s e n t e d  select s i n g l e  trees i n  
A u s t r a l i a ,  b u t  some bu lk  l o t s  have been 
i n c l u d e d  a l o n g  w i t h  many l o t s  from ex- 
o t i c  p o p u l a t i o n s  o u t s i d e  A u s t r a l i a ,  Eac: 
s e e d l o t  ( c a l l e d  a f a m i l y )  c o n t r i b u t e s  
a b o u t  60 s e e d l i n g s  t o  a l a r g e  
o u t p l a n t i n g  c a l l e d  t h e  g e n e t i c  b a s e  
p o p u l a t i o n .  A l l  i n d i v i d u a l s  of a l l  
f a m i l i e s  a r e  comple te ly  randomized i n  
s i n g l e - t r e e  p l o t s ,  

S t o c k i n g  is  1 ,916 trees p e r  ha  ( 7 7 5  
t r e e s l a c r e )  i n  a p r e c i s e  row X column 
g r i d ,  mapped t o  p r e s e r v e  t h e  l o c a t i o n  
and p e d i g r e e  of each tree, p l a n t i n g  
beds  are p a i r e d ,  w i t h  2,3-rn ( 7 , s  f t )  
s p a c i n g  w i t h i n  a  pair and 3,5-m ( 1  1  ,5 



t )  s p a c i n g  between p a i r s ,  and s e e d l i n g s  
l a n t e d  1.8 rn ( 6  f t )  a p a r t  a l o n g  t h e  
e d s .  The 3.5-m (11.5 f t )  s p a c i n g  be- 
ween p a i r s  a l l o w s  a c c e s s  t o  any tree by 
o r k  v e h i c l e s ,  p a r t i c u l a r 1  y bucke t  
rucks  f o r  seed  c o l l e c t i o n .  The two 
l o s e r  s p a c i n g s  promote dense  s t o c k i n g  
n  the b a s e  p o p u l a t i o n ,  which l a t e r  
: r a n s l a t e s  t o  a  r e a s o n a b l e  s t o c k i n g  of 
;eed trees and p o l l i n a t o r s  i n  t h e  
i e e d l i n g  seed  o r c h a r d ,  

Each tree i n  t h e  b a s e  p o p u l a t i o n  is  
~ e a s u r e d  f o r  growth r a t e  and s c o r e d  fo r  
f reeze  r e s i s t a n c e ,  s t e m  s t r a i g h t n e s s ,  
, ranch h a b i t ,  and general a d a p t a t i o n ,  
it age 2,7 y e a r s  ( o n e - t h i r d  of  p lanned  
r o t a t i o n  age f o r  p l a n t a t i o n s ) ,  t h e  best 
ahenotypes are s e l e c t e d  and t h e  rest are 
rogued i n  t h e  f i r s t  stage o f  c o n v e r t i n g  
t h e  base  p o p u l a t i o n  t o  a s e e d l i n g  seed 
3rchard ,  The b e s t  f a m i l i e s  u s u a l l y  
z o n t r i b u t e  t h r e e  o r  f o u r  s e l e c t s  t o  t h e  
s e e d l i n g  seed  o r c h a r d ,  and the  maximum 
number al lowed for one f a m i l y  is based 
on a s l i d i n g  s c a l e  derived from i t s  
relatedness t o  o t h e r  families, Most 
f a m i l i e s  c o n t r i b u t e  a n i y  one or t w o  
s e l e c t s ,  and abou t  a t h i r d  of the f a a i -  
l i e s  drop ou t  of the b r e e d i n g  w p u l a t i o n  
for l a c k  of any worthy c a n d i d a t e s ,  

Se lec t  trees exchange p o l l e n  i n  t h e  
f i r s t  massive bloom a t  age 3-1- y e a r s ,  and 
t h e  f o l l o w i n g  s p r i n g  t h e  seeds are 
c o l l e c t e d  and used t o  e s t a b l i s h  t h e  n e x t  
g e n e r a t i o n ' s  base  p o p u l a t i o n ,  which is  
a l s o  t h e  progeny tes t  of t h e  s e e d l i n g  
seed o r c h a r d ,  Thus, a g e n e r a t i o n  is 
t u r n e d  i n  4 y e a r s ,  Progeny test r e s u l t s  
i d e n t i f y  the b e s t  commercial seed trees 
as w e l l  a s  poor s e e d  trees t o  he rogued 
from t h e  o rchard .  

Each g e n e r a t i o n  of s e l e c t i o n  en- 
hances the Landrace 's  a d a p t a t i o n  t o  l o c a l  
c o n d i t i o n s  ( f i g ,  $1, b u t  new f a m i l i e s  
must  be imported t o  broaden the g e n e t i c  
b a s e  and q a r d  a g a i n s t  i n b r e e d i n g  
d e p r e s s i o n ,  Tbe c u r r e n t  g e n e t i c  base 
p o p u l a t i o n  ( f o u r t h - g e n e r a t i o n  seed  
o r c h a r d )  c o n s i s t s  of 31 ,725  trees r e p r e -  
s e n t i n g  529 f a m i l i e s  on 17,3 ha ( 4 3  
acres 1. Mine p r c e n t  of the f a m i l i e s  
a r e  f o u r t h  g e n e r a t i o n  (great grand- 
mothers  s e l e c t e d  f o r  e x c e l l e n c e  i n  a 
F l o r i d a  p l a n t a t i o n ) ;  24 p r c e n t ,  U l i r d  
g e n e r a t i o n  (grandmothers s e l e c t e d  i n  
F l o r i d a )  ; 40 p r c e n t ,  second g e n e r a t i o n  
(mothers  s e l e c t e d  i n  F l o r i d a ) ;  and 29 

p e r c e n t ,  f i r s t  g e n e r a t i o n  (newly 
imported f a m i l i e s ) ,  

The F l o r i d a  l a n d r a c e  is  predomi- 
n a n t l y  g r a n d i s ,  b u t  a few seed  o r c h a r d  
trees and s c a t t e r e d  o f f s p r i n g  d i s p l a y  
t r a i t s  from r o b u s t a ,  t e r e t i c o r n i s ,  
camaldu lens i s ,  and s a l i g n a .  Some of t h e  
i n t e r b r e e d i n g  o r i g i n a t e d  i n  e a r l y  spe-  
c ies  t r i a l s  i n  F l o r i d a ,  b u t  h y b r i d i t y  
also o c c u r s  a c c a s i o n a l l y  in s e e d l o t s  
from n a t u r a l  s t a n d s  i n  A u s t r a l i a ,  

Three  g e n e r a t i o n s  of s e l e c t i o n  have 
enhanced f r e e z e  r e s i s t a n c e  and d ramat i -  
cally i n c r e a s e d  growth c a p a c i t y  ( f i g ,  4 ) .  
The s e l e c t  trees demons t ra te  s u p e r i o r  
a d a p t a t i o n  t o  F l o r i d a  and can t r a n s m i t  
t h a t  a d a p t a b i l i t y  t o  t h e i r  progeny,  
However, p r e d i c t i n g  g a i n s  i n  commercial 
wood p r o d u c t i o n  shou ld  be v e r i f i e d  i n  
y i e l d  p l o t s  r a t h e r  than i n f e r r e d  from 
t h e  g e n e t i c  base  p o p u l a t i o n ,  This  is 
because  a base p o p u l a t i o n  is a  cos- 
p e t i t i o n  m a t r i x  of e l i t e ,  average ,  and 
poor  f a m i l i e s ;  whereas commercial p lan-  
t a t i o n s  i n c l u d e  o n l y  elite fami l i e s - -a  
muck more c o m p e t i t i v e  p p u l a t i o n ,  A 

g r and i s  y i e l d  exper iment  compares tihe 
l o n s  : f o l l o w i n g  three p o p u l a t '  

premier--Six advanced-generation 
f  a n i l i e s  ( average  3 , s  g e n e r a t i o n s  of 
s e l e c t i o n )  t h a t  are top ranked f o r  the  
combined t r a i t s  of volume produc t ion ,  
f r e e z e  r e s i s t a n c e ,  form, and copp ic ing .  

Comercia1 ---The 3 3  advaneed- 
g e n e r a t i o n  f a m i l i e s  ( average  2,9 
g e n e r a t i o n s )  i n c l u d e d  i n  the seed  mix 
f o r  t h e  1979 commercial p l a n t i n g  s e a s o n ,  

Ancest ra l - -Four  imported 
s e e d l o t s  from which a l l  s i x  premier  
f a m i l i e s  descend and 21 of the 33 com- 
m e r c i a l  f a m i l i e s .  

A t  age 1,5 years, h e i g h t s  of p remie r  
and commercial trees exceeded t h o s e  of 
a n c e s t r a l  t r e e s  by 23 and 73 p e r c e n t ,  
r e s p e c t i v e l y ,  During t h e  second w i n t e r  
o f  the s t u d y ,  damage from a s e v e r e  
f r e e z e  was scored  on a  s c a l e  of 10 = 
undamaged, 9 down through 5 = i n c r e a s i n g  
d e g r e e s  of f o L i a r  d a m a g e ,  4 down through 
1 = i n c r e a s i n g  d e g r e e s  of wood damage, O 

= f r o z e n  t o  ground b u t  s p r o u t i n g ,  and -1 
= f r o z e n  dead,  The t h r e e  p o p u l a t i o n s  
d i f f e r e d  s i g n i f i c a n t l y  i n  t h e i r  mean 
f r e e z e  damage s c o r e s :  p remie r ,  6,8; com- 
mercial, 4,8; and a n c e s t r a l ,  2.0, 



 reeding Populations of O t h e r  Species 

Robusta  b r e e d i n g  is n o t  a s  advanced 
a s  g r a n d i s ,  The progeny of trees 
s e l e c t e d  i n  F l o r i d a ,  however, grew 68 
p e r c e n t  f a s t e r  i n  volume than  t h e  o r i g i -  
n a l ,  impor ted  s e e d l o t s  ( F r a n k l i n  and 
Meskimen 1973) ,  Robusta s t o c k  f o r  com- 
m e r i c a l  p l a n t i n g  comes from a second- 
g e n e r a t i o n ,  progeny -tes t e d  s e e d  o r c h a r d  
and from a t h i r d - g e n e r a t i o n  o r c h a r d  of 
p h e n o t y p i c  s e l e c t s  t h a t  have n o t  been 
p rogeny  t e s t e d ,  The t h i r d  g e n e r a t i o n  
r o b u s t a  seed  o r c h a r d  is i n t e r p l a n t e d  
w i t h  g r a n d i s  t o  g e n e r a t e  F1 h y b r i d s ,  
which appear  t o  be  more p r o d u c t i v e  i n  
F l o r i d a  than  e i t h e r  pure  s p e c i e s .  

Progeny t e s t e d ,  f i r s  t - g e n e r a t i o n  
s e e d  o r c h a r d s  e x i s t  f o r  Spanish  camaldu- 
l e n s i s  and two s t r a i n s  of t e r e t i c o r n i s ,  
Second-generat ion o f f  s p r i n g  f o r  t h e s e  
two s p e c i e s  have been mixed i n  a com- 
b i n e d  b a s e  p o p u l a t i o n  a l o n g  w i t h  s e v e r a l  
r u d i s  f a m i l i e s .  Th i s  combined b a s e  
p o p u l a t i o n  is  n o t  y e t  s e l e c t e d  and 
rogued.  

Seed Collection and Handling 
Eucalyptus capsules, seeds, and chaff. 

Seed C o l  J ect ion 

The t i m e  of s e e d  matura t ion  i n  
F l o r i d a  v a r i e s  by s p e c i e s  and y e a r .  
Samples of seed  c a p s u l e s  shou ld  he c u t  
and examined b e f o r e  any l a r g e - s c a l e  
c o l l e c t i o n .  Immature seeds  a r e  w h i t e ,  
muc i l ag inous ,  and s t u c k  t o g e t h e r ,  
Mature s e e d s  are f i r m ,  f r e e ,  and da rk  
brown t o  b lack ,  e x c e p t  f o r  camaldu lens i s  
s e e d s ,  which a r e  y e l l o w i s h  brown, 

Grand i s  s e e d s  have been c o l l e c t e d  a s  
e a r l y  as mid-February t o  meet a March 15 
n u r s e r y  sowing d e a d l i n e ,  b u t  the seed  
c r o p  is n o t  comple te ly  mature b e f o r e  
March 15, Robusta s e e d s  do n o t  mature 
b e f o r e  A p r i l  15. S i n c e  the  s e e d s  of 
t h e s e  two s p e c i e s  remain on the tree f o r  
a f u l l  y e a r ,  s e e d  c r o p s  from 2 y e a r s  can 
be o b t a i n e d  by c o l l e c t i n g  every  o t h e r  
y e a r ,  

The c o l l e c t i o n  window f o r  camaldu- 
l e n s i s  and t e r e t i c o r n i s  is  narrow 
because  t h e i r  s e e d  c a p s u l e s  open a s h o r t  
t i m e  a f t e r  t h e  s e e d s  mature,  C o l l e c t i o n  

c a n n o t  beg in  b e f o r e  l a t e  May and must b 
completed by mid-June, Each seed  
o r c h a r d  of t h e s e  s p e c i e s  has  i ts own 
d i s t i n c t  c o l l e c t i o n  t i m e ,  and t h e  
o r c h a ~ d s  must be watched c l o s e l y  t o  
a v o i d  l o s s  of s e e d s ,  Vimina l i s  and 
o t h e r  f r e e z e - r e s i s  t a n t  e u c a l y p t s  have 
n o t  f lowered abundan t ly  i n  F l o r i d a ,  s o  
t h e i r  seed  c o l l e c t i o n  d a t e s  a r e  unknown, 

O p e r a t i o n a l  q u a n t i t i e s  of g r a n d i s  
s e e d s  can be h a r v e s t e d  from an o r c h a r d  
a t  age 3.7 y e a r s ,  and p roduc t ion  i n -  
c r e a s e s   rough about  age 10, ( T r e e s  ar 
topped to keep them i n  range of bucke t  
t r u c k s ,  so e v e n t u a l l y  crown s i z e  
s t a b i l i z e s  Large c r o p s  a r e  produced 
e v e r y  y e a r ,  but i n d i v i d u a l  trees vary 
g r e a t l y  i n  t h e  q u a n t i t y ,  p u r i t y ,  and 
v i a b i l i t y  of seeds .  I n  1980, 38 g r a n d i s  
t r e e s  w e r e  s e l e c t e d  f o r  commercial s e e d  
c o l l e c t i o n  from a 7-year-old o r c h a r d  of  
285 trees, The mean, c o e f f i c i e n t  of  
v a r i a t i o n  ( C V ) ,  and range i n  seed  pro-  
d u c t i o n  w e r e  : 



Nean CV(%) Range 

Volume o f  raw 
s e e d  (1) 1.70 81 0.02-5.99 

Weight o f  raw 
s e e d  ( k g )  0.99 79 0.01-3.28 

H e a  1 t h y  
g e r m i n a t i o n s  
p e r  g o f  raw s e e d  688 57 140-1,591 

Hea l thy  
g e r m i n a t i o n s  
p e r  tree 694,000 8 6  23,000- 

2,518,000 

Robus ta  s e e d  c r o p s  va ry  widely .  I n  
some y e a r s ,  much c h a f f  b u t  few s e e d s  are 
produced.  The s e e d  c r o p  of Span i sh  
c a m a l d u l e n s i s  is g e n e r a l l y  s p a r s e ,  
because  a twig  d ieback  d u r i n g  w i n t e r  and 
s p r i n g  c a u s e s  l o s s  of  c a p s u l e s ,  Seed 
c r o p s  o f  o t h e r  camaldu lens i s  s t r a i n s  and 
t e r e t i c o r n i s  have been abundant ,  b u t  
many s e e d s  have been l o s t  i n  c e n t r a l  
F l o r i d a  d u e  t o  f r e e z i n g  of t h e  f l o w e r s  
and immature c a p s u l e s .  

Seed c a p s u l e s  a r e  c o l l e c t e d  from 
tree crowns by workers r a i s e d  by bucke t  
t r u c k s  whenever p o s s i b l e .  G e n e t i c  
c o l l e c t i o n s  a r e  sometimes made by 

Collecting seeds in an 8-year-old grandis seed orchard. 
The trees have been topped to keep the crowns within 
the range of the bucket truck. 

c l i p p i n g  b ranches  of  small trees w i t h  
p o l e  p r u n e r s ,  o r  by s h o o t i n g  b ranches  
from t a l l  trees w i t h  a .222 c a l i b e r  
r i f l e  w i t h  9 X s cope  and s o f t  p o i n t  
b u l l e t s  , 

I n  F l o r i d a  s e e d  o r c h a r d s ,  seed  cap- 
s u l e s  are shucked i n t o  t h e  bucket  o f  t h e  
b u c k e t  t r u c k .  The bucke t ,  i f  of open 
d e s i g n ,  i s  l i n e d  t o  r e t a i n  t h e  c a p s u l e s .  
Shucking is done by runn ing  a gloved 
hand down t h e  b ranch ,  w h i l e  t h e  o t h e r  
hand h o l d s  t e n s i o n  on t h e  branch t i p .  
T r e e s  a r e  topped l i g h t l y  a f t e r  they  grow 
t o o  t a l l  t o  be reached wi th  a bucket  
t r u c k ,  and f a l l e n  t o p s  a r e  shucked on 
t h e  ground. Epicormic branches  form new 
seed-bea r ing  crowns on topped t r e e s .  

C o l l e c t i o n  methods t r i e d  h u t  re j e c t e  
i n c l u d e  f e l l i n g  t h e  s e e d  trees, s e v e r i n g  
seed-bea r ing  twigs ,  and shuck ing  t h e  
c a p s u l e s  from t h e  crown f o r  c o l l e c t i o n  
on ground c l o t h s .  F e l l e d  trees, i f  they 
c o p p i c e ,  t a k e  a t  l e a s t  2 y e a r s  t o  resume 
f l o w e r i n g  and a t  l e a s t  5 y e a r s  t o  r e b u i l  
f u l l  s eed-bea r ing  crowns. S i m i l a r l y ,  
t w i g  p run ing  d r a s t i c a l l y  r educes  t h e  
n e x t  bloom c r o p .  Capsu les  shucked t o  
t h e  ground a r e  o f t e n  l o s t  because  t h o s e  
w i t h  l e a v e s  a t t a c h e d  o f t e n  s a i l  beyond 
t h e  d r o p c l o  t h  . 

Seed c a p s u l e s  a r e  bagged a t  t h e  t r e e  
a s  c o l l e c t e d  because  t h e y  can open 
r a p i d l y  on h o t ,  d r y  days .  I n  F l o r i d a ,  
l a r g e  c o l l e c t i o n s  a r e  p u t  i n  m a t t r e s s  
c o v e r s ,  and small c o l l e c t i o n s  i n  k r a f t  
p a p e r  bags.  The baggers  t r y  t o  remove 
f r e e  l e a v e s  and twigs  as they  bag. 
Capsu les  from each  tree a r e  bagged 
s e p a r a t e l y ,  and the hags  a r e  l a b e l e d  and 
protee ted f rorn rain, 

Seed Extrdction 

Capsules are d e l i v e r e d  to  the 
ext rac tory  w i t h i n  a day of c o l l e c t i o n  t c  
p r e v e n t  b e a t i n g  and molding i n  t h e  
t i g h t l y  packed col lec t ion bags, A t  the 
extrdctory,  capsules are t ransferred  t o  
many l o o s e l y  packed k r a f  t paper bags or 
mattress covers  for d r y i n g ,  Capsules 
mixed with leaves a n d  twigs cdn be 
spread to ir dep th  of 15 crn ( 6  i n )  i n  the 
d r y i n g  bags, b u t  c l e a n  capsules, which 
pack tightly, shou ld  not be more than I ( 
e m  ( 4  i n )  d e e p  to  promote d r y i n g  and t o  
d i s s i p a t e  heat. 



Drying seed capsules in mattress covers. 

M a t t r e s s  c o v e r s  are p l a c e d  l e n g t k -  
w i s e  on decked r a c k s  of w i r e  mesh. 
K r a f t  bags rest open-topped on w i r e  
s h e l v e s  l i n e d  w i t h  paper  t o  p r e v e n t  
s e e d s  of one mother tree from s i f t i n g  
i n t o  a lower bag of a n o t h e r  mother t r e e ,  
The k r a f t  bags a r e  c u t  to  a h e i g h t  of 20 
c m  (8  i n )  t o  a l l o w  c l o s e r  s p a c i n g  of 
t h e  s h e l v e s ,  

The v a l v e s  of  mature c a p s u l e s  open 
t h r o u g h  d e s s i c a t i o n .  The e x t r a c t o r y  
s h o u l d  s i m u l a t e  h o t ,  d r y ,  windy days i n  
t h e  f o r e s t - - h e a t i n g  from 30° t o  35O C, 
d e h u m i d i f i c a t i o n ,  and a i r  c i r c u l a t i o n  t o  
d r i v e  mois t u r e - l a d e n  a i r  from around t h e  
c a p s u l e s .  Capsu les  open i n  1 t o  2 
weeks, depending on their m a t u r i t y .  
Drying o u t s i d e  i s  n o t  dependable  i n  
F l o r i d a ,  b u t  e f f i c i e n t  s o l a r  d r y e r s  
c o u l d  undoubtedly  be developed.  

Shaking e x t r a c t s  t h e  s e e d s  from t h e  
opened c a p s u l e s .  Capsules  of s m a l l  
s e e d l o t s  a r e  p u t  i n  a s t o v e p i p e - l i k e  
c y l i n d e r  t h a t  f i t s  snug ly  i n s i d e  a No. 
1 6  U.S. S tandard  s i e v e ,  A pan is p u t  on 
t h e  bottom of t h e  s i e v e  and a l i d  on t h e  
t o p  of t h e  c y l i n d e r ,  and t h e  u n i t  is 
shaken ,  Seeds ,  c h a f f  , and some s m a l l  
t r a s h  p a s s  through t h e  s i e v e ,  b u t  most 
t r a s h  is  t rapped ,  

Large  s e e d l o t s  are dumped from t h e  
d r y i n g  bags i n t o  a cement mixer which is 
capped wi th  a frame of hardware c l o t h .  
The mixer tumbles t h e  c a p s u l e s  f o r  abou t  
10 minutes ;  then s e e d s ,  c h a f f ,  and f i n e  
t r a s h  are poured through the hardware- 
c l o t h  c a p  i n t o  a l a r g e  f u n n e l  over  a 
c o l l e c t i o n  bucket .  With t h e  cap 

Extracting seeds and chaff from capsules. 

removed, t h e  mixer is  emptied of  leave 
twigs ,  and s p e n t  c a p s u l e s ,  then vacuur 
c l e a n e d  b e f o r e  r e c e i v i n g  c a p s u l e s  f r o r  
d i f f e r e n t  s e e d l o t .  

The e x t r a c t e d  seeds  and c h a f f  a r e  
s i e v e d  through a No. 16 U.S, S tandard  
s i e v e  and t h e  q u a n t i t y  p a s s i n g  througk 
t h e  s i e v e  becomes t h e  recorded we igh t  
and volume of t h e  raw s e e d l o t .  A larc 
opening s i e v e  might have t o  be used fc  
s t a n d a r d i z i n g  y i e l d s  of v i m i n a l i s  and 
some o t h e r  s p e c i e s  t h a t  have l a r g e r  
s e e d s  than  t h e  e s t a b l i s h e d  s p e c i e s .  

Seed C l  ea n i n g  

Raw seed  is  a mixture  of f e r t i l e  
s e e d s  i n  a much g r e a t e r  mass of cha fP ,  
which c o n s i s t s  of s t e r i l e  and u n f e r -  
t i l i z e d  o v u l e s  (Boland and o t h e r s  1980 
p l u s  t i n y  p a r t i c l e s  of c a p s u l e s  and 
l e a v e s .  Seed p u r i t y  is  u s u a l l y  less 
t h a n  10 p e r c e n t ,  and of t e n  a s  low a s  1 
o r  2 p e r c e n t ,  The t i n y  seeds  must be 



s e p a r a t e d  from c h a f f  and o t h e r  impuri -  
t ies b e f o r e  s e e d s  can be sowed s i n g l y  i n  
each  n u r s e r y  c o n t a i n e r ,  

Some s e e d s  are l a r g e r  and h e a v i e r  
t h a n  any c h a f f  and, t h e r e f o r e ,  are 
s e p a r a t e d  r e a d i l y ;  some o t h e r  s e e d s  and 
c h a f f  d i f f e r  e i t h e r  i n  s i z e  o r  we igh t  
and can a l s o  be s e p a r a t e d ;  b u t  some 
s e e d s  a n d  c h a t  f are e q u a l  i n  bo th  s i z e  
and w e i g h t  and canno t  be s e p a r a t e d ,  
T h e r e f o r e ,  a g o a l  of 100 p e r c e n t  seed  
p u r i t y  is u n r e a l i s t i c ,  and l o s s e s  of 
some seeds w i t h  the chaf f  must be 

a n t i c i p a t e d  , 
S e e d s  from d i f f e r e n t  trees a r e  

c l e a n e d  s e p a r a t e l y  &cause  t h e  s i z e  of 
s e e d s  a n d  chaf f  vary  from tree t o  tree, 
Co&ining raw s e e d s  from d i f f e r e n t  t r e e s  
can  c r e a t e  a m a t r i x  of o v e r l a p p i n g  s i z e s  
of s e e d s  and c h a f f  t h a t  d e f y  s e p a r a t i o n ,  

Raw s e e d s  a r e  s i e v e d  i n t o  s i z e  
c l a s s e s ,  which are processed  s e p a r a t e l y  

Sieving raw seed on a vibration table to produce 
partially ePeaned see& for dater &dswin;ng. 

in a batch-type seed blower, because the 
force o f  a i r  needed to remove l i g h t  
chaff d i f f e r s  by s i z e  class,  Sizing 
reduces the amount of seed blown away 
w i t h  the chaff, For lo t s  larger than 4 
1 ( 1  g a l ) ,  c l e a n i n g  is made easier i f  
the l i g h t e s t  chaf F i s  removed with a 
continuous-type seed blower before 
s i e v i n g ,  Blowing before s i e v i n g  
releases much d u s t  in the a i r ,  A quick 
s i e v i n g  on a fine sieve reduces t h i s  
problem, Sieves are agi ta ted  by a 
v i b r a t i n g  table to has ten s i e v i n g ,  

Shaking s i e v e s  is n o t  a s  e f f e c t i v e  a s  
v i b r a t i o n ,  

U,S, S tandard  s o i l  s i e v e s  18, 20, 
25,  and 30 have t h e  g r e a t e s t  u t i l i t y  f c  
g r a n d i s ,  robus t a ,  camaldu lens i s  , and 
t e r e t i c o r n i s  , Seeds t h a t  p a s s  through 
No, 30 s i e v e  u s u a l l y  a r e  d i f f i c u l t  t o  
s e p a r a t e  from c h a f f ,  S i e v e  No, 1 8  pri- 
mari  l y  c a t c h e s  l a r g e  t r a s h ,  a l though  
s e e d s  are sometimes caugh t ,  S ieve  Nos, 
1 4  and 16 a r e  needed f o r  c l e a n i n g  l o t s  
o f  l a r g e r  seed  s p e c i e s ,  such a s  
v i m i n a l i s  , 

Clean ing  e l i m i n a t e s  t h e  s m a l l e s t  a n  
l i g h t e s t  s e e d s ,  b u t  c l e a n e d  seeds  
c o l l e c t e d  from F l o r i d a  seed  o r c h a r d s  
s t i l l  va ry  g r e a t l y  i n  s i z e  and we igh t ,  
b o t h  w i t h i n  and between s e e d l o t s  . 
Cleaned g r a n d i s  l o t s  c o n t a i n  from 2,OOC 
t o  6,500 s e e d s  p e r  g ,  T e r e t i c o r n i s  
s e e d s  weigh t h e  same a s  g r a n d i s  s e e d s ,  
c a m a l d u l e n s i s  s e e d s  are somewhat 
h e a v i e r ,  and r o b u s t a  s e e d s  are 
d i s t i n c t l y  h e a v i e r ,  Imported v i m i n a l i s  
s e e d s  a r e  much b i g g e r  and h e a v i e r  t h a n  
even r o b u s t a  s e e d s .  

T e s t i n g  Seed Viability and Purity 

A t  the F o r e s t  S e r v i c e  l a b o r a t o r y ,  
s e e d s  a r e  germinated on s t a n d a r d  
100- inden ta t ion ,  b l u e  ge rmina t ion  b l o t -  
ters i n  c l o s e d  p l a s t i c  boxes,  l i n e d  on 
the  bottom w i t h  t i s s u e  paper  f o r  e x t r a  
w a t e r  s t o r a g e ,  Known weigh t s  of 
uncleaned s e e d s  are s p r i n k l e d  on t h e  
s u r f a c e  of t h e  b l o t t e r s ,  and r e s u l t s  a: 
e x p r e s s e d  as number of ge rmina t ions  pe: 
gram of seeds, I n  tests of c l e a n e d  
seeds, one p a r t i c l e  ( e i t h e r  seed,  chaf 
or  t rash)  is placed i n  each b l o t t e r  
indentation, after the 100 ~ r t i c l e s  a 
weighed, Therefore, the germinat ion 
t e s t  is also a p u r i t y  analysis, G e r m i  
n a t i o n  will occur in a room open to 
daylightg b u t  to standardize resul ts ,  
germinat ion is r o u t i n e l y  tested in a 
chamber n a i n t a i n e d  at 25" @ and lighted 
for 8 hours  each day, Germinat ion  of 
a12 species used in FPorida has been 
rapid under these c o n d i t i o n s  . 
Storage 

mcalyp-taus seeds have retained 
v i a b i l i t y  during long p e r i o d s  of storac 



under a n r i e t y  of cond i t i ons  a t  the 
F o r e s t  Se rv i ce  l a b o r a t o r y ,  Seeds s t o r e d  
a t  room temperature  f o r  2 pears have not 
n o t i c e a b l y  l o s t  v i a b i l i t y ,  Seeds refrig- 
e r a t e d  f o r  8 p a r s ,  r en f r ozen  9 1  mre 
yea r s ,  remained v i a b l e ,  although bosses 
i n  germina t ion  p r c e n t a g e  and i n  vigor 
of germina t ion  w e r e  su spec t ed ,  

Euca lyp tus  seeds  remain viable 
d e s p i t e  wide f l u c t u a t i o n s  i n  s t o r a g e  
tempera tures ,  Seeds s t o r e d  a t  @ have 
r e t a i n e d  v i a b i l i t y  after several pr i sds  
at. 3 2 O  C when t h e  refrigerator malfunc- 
t i o n e d ,  Seeds r epea t ed ly  frozen and 
thawed from movement i n  and out of a 
f r e e z e r  have n o t  shown any n o t i c e a b l e  
l o s s  i n  v i a b i l i t y ,  

Humidity and seed  mois tu re  content 
i n f l u e n c e  seed d e t e r i o r a t i o n ,  Jones  
( 1967) recommended a mois ture  c o n t e n t  of 
2,5 p e r c e n t  o r  l e s s  f o r  s t o r a g e  of euca- 
l y p t u s  seeds  of some s p e c i e s ,  I n  
F l o r i d a ,  however, seed  mois tu re  c o n t e n t  
i s  no t  reduced beyond t h a t  ob t a ined  
du r ing  e x t r a c t i o n ,  and the s t o r a g e  
mois tu re  c o n t e n t  is  no t  known, 

Eucalyptus  seeds  a r e  s t o r e d  i n  a 
v a r i e t y  of c o n t a i n e r s ,  Screw-capped 
c o n t a i n e r s ,  such a s  p l a s t i c  milk jugs,  
a r e  used f o r  s t o r i n g  uncleaned l o t s ,  
Seeds d e s t i n e d  f o r  long-term s t o r a g e  a r e  
c leaned t o  reduce volume, then s e a l e d  i n  
p l a s t i c  packe t s  which s t o r e  more corn- 
p a c t l y  than b o t t l e s ,  

Large l o t s  of uncleaned s eeds  are 
s t o r e d  a t  7 O  C,  Glean seeds ,  g e n e t i c  
samples,  and o t h e r  r e s ea r ch  l o t s  are 
f r e eze - s t o r ed  a t  - 1 8 O  C, However, 
f r e e z e  s t o r a g e  has  no t  been shown t o  
have any advantage over co ld  storage f o r  
p r e s e r v i n g  viabi t i  t y  , Experiences with 
seed storage in Florida are similar to 
t hose  i n  A u s t r a l i a  (Boxand and o t h e r s  
1980), 

S t r a  t if i c a  t ion 

Seeds from Florida trees do not need 
s t r a t i f i c a t i o n  f o r  good germination. 
Freshly collected seeds  and those stored 
for  long p r i o d s  germinate with similar 
vigor, The advice sf the supplier 
should be sought  i n  deciding Fskether to 
s t r a t i f y  imported seeds, 

Seed i d i x t b a r e  for Comercia2 Plant ing  

Nursery seedlings for commercial 
eucalyptus p lanta t ions  in Florida are 
raised from a mixture of seeds from mz 
selected t r e e s ,  The number of p r e n t ~  
is not f i xed ,  but to  maintain g e n e t i c  
diversity i n  the p l a n t a t i o n s ,  a good 
r u l e  is to obtain no more than 8 p r c e  
of the  seeds in a mixture  from any one 
parent. htn effort is made -to have t h e  
same number of v i a b l e  seeds of each ch 
sen  seedlot in .the sowing m i x t u r e ,  Du 
t o  sksor"&ages, these r u l e s  have been b r  
ken f o r  some species i n  some years i n  
Flor ida ,  The number of viable s eeds  p 
gram of c leaned  seeds is  known; t h e r e -  
fore,  seed mixtures  are prepared by 
weighing o u t  the c a l c u l a t e d  q u a n t i t y  o 
each  s e e d l o t ,  

P l ac ing  a s i n g l e  seed i n  each nu r s .  
e r y  c o n t a i n e r  is t ed ious  b u t  p o s s i b l e  
on a sma l l  scale, such as f o r  a researc 
s t u d y ,  ~ i s p e n s e r s  that sow a few seeds 
by tapp ing  a r e  u s e f u l  f o r  t h i s  work, 
For s i n g l e  s eed ing  on a l a r g e  s c a l e ,  
however, the tiny seeds  must be coated 
t o  form p l l e t s  of convenien t ,  uniform 
s i z e ,  Pellets p e r m i t  me use of meehal 
i c a l  sowers and greatby f a e i l i t a t e  hanc 
sowing, 

F l o r i d a  seeds are p l l e t e d  by t h e  
FDF ~ t k  a c o a t i n g  sf fine sand and a 
water-soluble polyvinyl  alcohol binder 
in a custom-built apparatus (Geary and 
H i l l i e r  1982), A yellow vegetable dye 

Pel/e%ing seeds with fine sand an441 a polyvinyl a8cohsl in 
a reciproca ting-rota tin9 pan, 



is added to the sticker s o l u t i o n  to make 
pellets  more d s i b l e ,  m e s e  ~ P b e t e d  
seeds germinate as well as b a r e  seeds i n  
the nursery* Some sther p % % e t  coatings 
decrease germination, 

Seedling Rodue t ion  

As in most sf the world, eucalyptus 
p l a n t i n g  s tock i n  F lo r ida  is grown i n  
c o n t a i n e r s ,  Florida containers range in 
volume f +om 47 to 78 cm3 ( 2.8 to  4.8 i n3  ) , 
which is small by world s tandards  

C o n t a i n e r i z a t i o n  developed because 
s u r v i v a l  of bare-root  s eed l i ngs  w a s  
i n c o n s i s t e n t  i n  Florida, I n  one study, 
99 p e r c e n t  of s eed l i ngs  grown i n  1-1 ( 1  
qt) c o n t a i n e r s  surv ived  summer p l a n t i n g ,  
whi le  on ly  71 ~ r c e n t  of t he  bare-root  
s e e d l i n g s  surv ived ,  me growth r a t e  of 
bare-root s e e d l i n g s  i n i t i a l l y  Lagged 
behind t h a t  of container-grown seed- 
l i n g s ,  Although growth r a t e s  were 
equal  by t h e  f i f t h  month a f t e r  p l a n t -  
i n g ,  the container-grown seed l ings  
were s t i l l  t a l l e r ,  and h e i g h t  is a c r i t -  
i c a l  f a c t o r  i n  su rv iv ing  freezes and 
c a p t u r i n g  s i t e s  from competing 
v e g e t a t i o n ,  

S ince  it is too  expensive t o  grow 
and plant seedlings i n  con t a ine r s  a s  
l a r g e  as 'I b ( 9  qt), con ta ine r  size was 
reduced, Surv iva l  of bare-root  
seedlings has not been compared to t h a t  
of s e e d l i n g s  in t he  con t a ine r s  c u r r e n t l y  
i n  u seo  Improvements elsewhere i n  
nanaging bare-root eucalyptus seed l ings  
wi th  improved root-pruning equipment 
sugges t  -&&a$ r e sea rch  on bare-rsot euca- 
l y p t s  i n  Florida be reactivated, The 
lower costs associated with product ion 
and planting bare-root stock are always 
appealing, An experiment in e o r g i a  
with bare-root euca lyp tus  s eed l i ngs  
demonstrated that planting bare-root 
seedlings is promising (Hunt 1980), 

Containers used in Florida are 
designed ts prevent root s p i r a l i n g ,  and 
t hey  are suspended t o  ai r -prune seedling 
roots,  For i ts eucalyptus  research the 
Forest Service uses styrofsam Todd 
~ l z n t e r '  blocks almost exclus ive ly  

EucaJypfus seedding and its root plug pulled from a 
Todd Planter 

because s f  the ease of f e r t i l i z i n g ,  
wate r ing ,  and p u l l i n g  s eed l ings  a t  
packing t i m e ;  the ease of p l an t i ng ;  and 
t h e  r e l i a b l e  f i e l d  s u r v i v a l ,  The block 
i s  a 34,s by 66,5-em (13,6 by 26,2 i n )  
r e c t a n g l e  t h a t  con t a in s  72 c a v i t i e s ,  
each shaped a s  a t r unca t ed ,  i nve r t ed  
pyramid, I n t e r n a l  dimensions of a 
cavity a r e  5 by 5 em ( 2  by 2 i n )  wide 
a t  -tihe top,  tapering over a 7,5-cm (3 
i n )  depth t o  a 0,9- by 0.9-cm (0,35 by 
0,35 i n )  d r a i n  hole, Cavi ty  volume is 
75 c m J  (4.6 in3), and spac ing  is 330 
c a v i t i e s  per  m2 ( 3 1 / f t 2 ) .  

Seed l ings  a t  tke FDF nursery a r e  
grown i n  *ach Cone-tainers (Tinus and 
MeDonald 1979) and -Belle p l a n t e r  
Hockse2 The Leach Cone-tainer used is 
a las t ie  tube $"Plat has  a volume of 47 
cmP (2.9 i n J )  and is 12.5 cm (5  i n )  
long,  wi th  a 2,s-cm ( 1  i n )  top  d iameter ,  
t a p e r i n g  to a 0,8-cm (0,32 i n )  bottom 
d iameter  d r a i n  hole, The i n s i d e  of t h e  
c o n t a i n e r  is  r ibbed.  

ISpeedling, Inc., P.O. Box 7098, Sun 
C i t y ,  FL 33586 
'~a~elle P l a n t  World, Inc , ,  P ,O,  E43x 
398, LaBelle,  FL 33935 



The L a B e l l e  styrofoam block is a  
42- by 66,s-cm (16,5 by 26,2 i n )  
r e c t a n g l e ;  it con ta in s  77 t u b u l a r  
c a v i t i e s  and f i t s  t he  suspension system 
developed f o r  t h e  ub iqu i tous  Todd 
P l a n t e r .  Each c a v i t y  i n  the LaBelfe 
block is 3 , 6  c m  (1 ,4  i n )  i n  diameter  a t  
top ,  t a p e r i n g  s l i g h t l y  over a  10-cm ( 4  
i n )  dep th ,  then  t a p e r i n g  more sha rp ly  i n  
t h e  last  2 cm 10,8 i n )  t o  a  1-cm (0,4 
i n )  d r a i n  ho l e ,  Cavi ty  volume is 78 
cm3 ( 4.75 in3 ) . Each c a v i t y  con t a in s  3 
r i b s  t o  p revent  r o o t  s p i r a l i n g ,  and t he  
c a v i t y  spac ing  is 270 per m2 (25  f t 2  1 , 

Leach tubes  have an advantage of 
being independent ly  movable, A tube i n  
which germinat ion has f a i l e d  can be 
rep laced ,  and spac ing  of t he  growing 
c r o p  can be t a i l o r e d  t o  t he  requirements  
of t he  spec i e s  grown, A disadvantage is 
t h a t  it is d i f f i c u l t  t o  g e t  water  and 
n u t r i e n t s  i n t o  t h e  tube a f t e r  the 
s e e d l i n g  f o l i a g e  forms an umbrella over 
t h e  tube opening, This i n e f f i c i e n c y  i n  
l i q u i d  c o l l e c t i o n  occurs  because t he  
tubes  a r e  he ld  i n  wire  racks ,  r a t h e r  
than  the custom Leach racks,  which pack 
t ubes  too  t i g h t l y  f o r  growing euca lyp t s  
t o  p l a n t i n g  s i z e ,  

With a block p l a n t e r ,  n u t r i e n t s  ard 
water  t h a t  run of f  t he  f o l i a g e  f a l l  
on to  t he  block s u r f a c e  and run i n t o  t he  
c a v i t i e s ,  The Todd P l a n t e r ,  which has a 
t o p  su r f ace  t h a t  is almost  a l l  p o t t i n g  
mix, is very e f f i c i e n t  i n  c o l l e c t i n g  
a p p l i e d  l i q u i d s ,  me -Belle block has 
more s tyrofsam a t  t h e  t op  su r f ace  than 
c a v i t y  opening, making it less e f f i -  
c i e n t  i n  l i q u i d  c o l l e c t i o n  *an t he  Wdd 
P l a n t e r  (water  can run o f f  tkre edges of 
t h e  U B e l l e  b lock)  b u t  mare e f f i c i e n t  
than  Leach tubes  i n  wire  racks ,  

The g r e a t e r  amount of open a r e a  of 
t h e  Leach system p r m i t s  much b t t e r  
a e r a t i o n  than t h a t  with block p l a n t e r s ,  
A s  a r e s u l t ,  k i l l i n g  of s eed l ings  by the 
fungus ,  Gyl indrocdadium seopasium , is a 
g r e a t e r  problem with the  -Belle block 
than  with Leach tubes ,  However, 
Cylindrseladium d i s e a s e  has  no t  M e n  a 
problem with the Tbdd P l a n t e r ,  

potting Mix 

Tlzrougln the years ,  t he  Forest 
Serv i ce  and t h e  FDF nursery  have used a 

commercially prepared p o t t i n g  mix of 
p e a t  and ve rmicu l i t e ,  A mixture of 
sand,  pea t ,  and ve rmicu l i t e  was t e s t e d  
by the FDF, bu t  sand increased  t h e  
amount of water ing requi red  and d i d  no 
g ive  a f i rm  r o o t  plug,  Viminalis is t 
on ly  spec i e s  grown with sand a t  t h e  FD 
nursery ;  i ts  growth is improved con- 
s i d e r a b l y  by adding sand, The FDF nur  
e r y  c u r r e n t l y  uses  a  commercially 
p repared  mixture of 50 pe rcen t  pea t ,  2 
p e r c e n t  vermicu l i t e ,  and 25 percen t  
p e r l i t e .  The p e r l i t e  a d d i t i o n  is  baset 
on p r o p r i e t a r y  informat ion t h a t  perli t i  

i n c r e a s e s  r e t e n t i o n  of n u t r i e n t s .  This 
p o t t i n g  mix does not  con t a in  s t a r t e r  
n u t r i e n t s ,  bu t  it does have a  we t t i ng  
agen t ,  

The mixture is packed moist ,  
p r e s sed ,  topped up and repressed ,  

&eking potting mix in Leach Cone-tainsrs fo farm 
dqressjons for pellefed seeds. 

l eaving  a depress ion  of about  5 m ( 0 , :  
i n )  to hold p l l e t i z e d  seed and waLch, 
C a r e f u l  f i l l i n g  and pressing are needec 
I% "ehe sowing depress ion  is too  deep, 2 

germinated seedling cannot  emerge, and 
i f  too  shal low,  tbe mulch is  e a s i l y  
l o s t ,  

Sowing 

Research s eed l ings  a r e  r a i s e d  from 
c leaned  seeds sowed by hand o r  with  a 



number t o  sow is d i f f i c u l t  t o  e s t i m a t e  
because germinat ion is  always poo re r  i 
t h e  nursery  than i n  t he  l a b o r a t o r y ,  
oversowing i s  needed because it is not 
f e a s i b l e  t o  resow c a v i t i e s  i n  a  b lock ,  
i f  f o r  no o t h e r  reason than t he  younge 
s e e d l i n g s  cannot  compete with  t h o s e  
f i r s t  sowed, Occasional ly ,  excess  
s e e d l i n g s  a r e  t r ansp l an t ed  t o  c a v i t i e s  
w i thou t  a s e e d l i n g  dur ing  t h inn ing ,  

Sowed c a v i t i e s  a r e  mulched w i t h  
coa r se  ve rmicu l i t e  t o  a  depth of 5 m 
( 0.2 i n ) ,  Fine ve rmicu l i t e  is avoided 
because it r e s t r i c t s  a e r a t i o n  and g e r -  
minat ion,  Chopped p ine  needles  p e r -  
formed w e l l  i n  t h e  p a s t  b u t  a r e  now 
d i f f i c u l t  t o  o b t a i n ,  

Water  Qua1 it y 

Sowing pelleted seeds into Leach Cone-tainers with a 
gravity seeder. 

s e e d  d i s p e n s e r .  One t o  t h r e e  seeds  a r e  
sowed i n  a  c a v i t y ,  depending on s tudy  
o b j e c t i v e s  , seed q u a n t i t y  , and expected 
ge rmina t i on ,  I n  commercial ope ra t i ons  
p e l l e t e d  seeds  a r e  sowed with  a g r a v i t y  
s e e d e r  o r  by hand, Vacuum seede r s  
proved u n r e l i a b l e .  

Sowing s t r a t e g y ,  which v a r i e s  with  
t h e  c r o p ,  is based on l abo r  a v a i l a b i l -  
i t y ,  q u a n t i t y  of seeds ,  expected ger -  
m ina t i on ,  and type of con t a ine r .  Leach 
t ubes  may be used e f f i c i e n t l y  by sowing 
one  pel le t  i n  a  tube ,  Then tubes  i n  
which germina t ion  f a i l s  can be removed 
and  resowed, By t h i s  method, hand 
t h i n n i n g  of excess  s eed l i ngs  is avoided. 
Double sowing is done a t  t imes,  however, 
t o  i n c r e a s e  t h e  percen tage  of tubes  wi th  
a s e e d l i n g  and t o  avoid a  germinat ion 
time g a p  i n  t h e  crop.  

The two a l t e r n a t i v e s  t o  s i n g l e  
s e e d i n g  d i r e c t l y  i n t o  conta iners - -  
t r a n s p l a n t i n g  f  rom germinat ion f l a t s  t o  
c o n t a i n e r s ,  and b roadcas t  sowing t h e  
c o n t a i n e r s  with raw seed and then 
t h i n n i n g  t o  one s e e d l i n g  pe r  cavity---  
proved t o  be too  l abo r  i n t e n s i v e  f o r  
F l o r i d a ,  Broadcast  sowing and then 
t h i n n i n g  a l s o  wasted valuab le  gene t i -  
c a l l y  improved s eeds ,  

Block c o n t a i n e r s  u s u a l l y  a r e  sowed 
with two o r  three p e l l e t s  per c a v i t y  i n  
o r d e r  to  o b t a i n  a  high percentage of 
c a v i t i e s  with  a  s e e d l i n g ,  The e x a c t  

The b i g g e s t  problem wi th  growing 
euca lyp tus  s eed l i ngs  i n  southern F l o r i  
has  been water  q u a l i t y ,  I t  is d i f f  i c c  
t o  o b t a i n  w e l l  water with less than  7C 
p/m t o t a l  d i s so lved  s o l i d s  (TDS).  If 
t h e  water has TBS g r e a t e r  than 700 p/n 
euca lyp tus  w i l l  germinate s lowly,  thes 
d i e .  Water t h a t  is even s l i g h t l y  a lke 
l i n e  o r  h igh  i n  lime w i l l  a l s o  s e r i o u s  
r e t a r d  s e e d l i n g  growth, I f  water  is 
a l k a l i n e ,  it can be a c i d i f i e d ,  o r  acid 
compounds can be app l i ed  p e r i o d i c a l l y  
t h e  crop, a s  is  done a t  t he  FDF nurser  
a t  Lake P l a c i d ,  

G e r m i n a t i o n  

Sowed c a v i t i e s  a r e  placed under a 
p l a s t i c  o r  shade c l o t h  s h e l t e r  t o  p ro-  
t e c t  them from t o r r e n t i a l  r a i n  and w i r  
n o t  t o  provide shading t o  improve g e r -  
minat ion,  Good germination occurs  i n  
f u l l  sun,  The Fo re s t  Serv ice  germinat 
and grows s eed l ings  i n  an unheated, 
p l a s t i c - t opped  p l a n t  house of a des igr  
s i m i l a r  t o  t h a t  used by t he  vege tab le  
i n d u s t r y  i n  sou thern  F lo r ida ,  

A t  t h e  FBP nursery ,  seeds a r e  g e r -  
minated under 25 pe rcen t  shade, Leack 
tubes  a r e  c l o s e l y  spaced a t  germinat ic  
i n  t he  custom Leach t r a y ,  o r  i n  every  
opening of a  p a l l e t L i k e ,  chicken-wire 
mesh rack (1,2 by 2,4 m) ( 4  by 8 f t ) ,  
Leach t r a y s  and LaBelle Blocks are 
p laced  on hardware c l o t h  p a l l e t s  f o r  



t r a n s p o r t i n g ,  P a l l e t s  are t r a n s p o r t e d  
w i t h  a pa l le t  g r a b b e r  d e s i g n e d  and b u i l t  
by t h e  FDF; it o p e r a t e s  o f f  t h e  power 
t a k e o f f  o f  a t r a c t o r ,  

Germina t ion  c a n  o c c u r  i n  4 d a y s  
unde r  f a v o r a b l e  c o n d i t i o n s ,  b u t  c o o l  
temperatures c a n  r e s u l t  i n  a month o r  
more p a s s i n g  b e f o r e  s e e d l i n g s  b r e a k  
th rough  the mulch, Wate r ing  is done 
w i t h  a t r o l l e y  boom i n  t h e  F o r e s t  
S e r v i c e  p l a n t  house  and w i t h  f i x e d  
ove rhead  s p r i n k l e r s  i n  t h e  F'l3F shade  
area, 

When s e e d l i n g s  are 3 t o  5 c n  ( 1 .2 t o  
2 i n )  t a l l ,  t h e y  are moved from t h e  
shade  area to r a i s e d  r a c k s  i n  an  open 
f i e l d  a t  t h e  FDF n u r s e r y ,  C o n t a i n e r s  
w i t h  more t h a n  one s e e d l i n g  are t h i n n e d  
by p u l l i n g  or s c i s s o r i n g  when t h e y  a r e  
moved from s h a d e  to  t h e  open,  

Growing Seedl ings  t o  PLanting S i z e  

S e e d l i n g s  o f  g r a n d i s ,  robus  t a ,  and  
t e r e t i c o r n i s  w i l l  grow t o  t h e  d e s i r e d  
p l a n t i n g  h e i g h t  of 30 c m  ( 1 2  i n )  i n  1 2  
weeks a f t e r  sowing unde r  optimum con- 
d i t i o n s ,  An a v e r a g e  of  16 weeks t o  
p l a n t i n g  s i z e  from mid-March sowing is  
normal.  Camaldu lens i s  grows more 
s l o w l y .  P r o d u c t i o n  t i m e s  o f  o t h e r  spe -  
c i e s  are n o t  w e l l  e s t a b l i s h e d ,  

D e n s i t y  s h o u l d  n o t  exceed  300 
s e e d l i n g s  p e r  m2 ( 2 8  i t2) f o r  broad-  
crowned g r a n d i s ,  robus  t a ,  and t e r e t i c o r -  
n i s  s e e d l i n g s  t o  r e a c h  p l a n t i n g  s i z e ,  
Narrow-crowned c a m a l d u l e n s i s  c a n  he 
grown a t  somewhat closer s p a c i n g ,  
S e e d l i n g s  grown i n  Leach t u b e s  a r e  
p l a c e d  i n  ch icken-wi re  r a c k s  a t  a 
s p a c i n g  o f  227 p e r  m2 (21 f t 2 )  when t h e y  
a r e  moved from s h a d e  house  t o  open 
n u r s e r y .  

A 20-20-20 l i q u i d  f e r t i l i z e r  has 
heen a p p l i e d ,  b e g i n n i n g  as soon as 
s e e d l i n g s  have emerged from mulch, 
F e r t i l i z e r  c o n c e n t r a t i o n  is 708 p/m N, 
and is a p p l i e d  a t  t h e  r a t e s  of 0.6 g N 
p e r  rn2 (0 .2 oz /100 f t 2 )  t o  s m a l l  s eed -  
l i n g s  and up t o  2.8  g N per mZ (1.0 o z /  
100 f t 2 )  f o r  l a r g e r  s e e d l i n g s .  Tn main- 
t a i n  r a p i d  growth ,  l i q u i d  f e r t i l i z e r  
must he a p p l i e d  t w o  o r  three times a 
week f o r  Leach t u b e s  i n  ch icken-wire  
racks, because  much l i q u i d  Eerti l i z e r  
f a l l s  t o  was t e .  Block p l a n t e r s  r e q u i r e  
much lower f e r t i l i z a t i o n  r a t e s ,  

Applying liquid fertilizer to eucalypt seedlings in Leach 
Cone-tainers that are suspended in chicken-wire racks 
and arranged at growing spacing. 

S i n c e  f r e q u e n t  f e r t i l i z e r  a p p l i c a -  
t i o n  is a n u i s a n c e ,  c o n t r o l l e d  r e l e a s e  
f e r t i l i z e r s  a r e  now r o u t i n e l y  used t o  
supp lemen t  l i q u i d  f e e d .  C o n t r o l l e d  
release f e r t i l i z e r  p r o v i d e s  s t e a d y  
g rowth ,  w h i l e  supp lemen t s  of l i q u i d  f e r -  
t i l i z e r  speed  growth  a s  needed.  A t  t h e  
FDF n u r s e r y ,  4 ,3  kg  o f  Osmocote 14-14-?4 
c o n t r o l l e d  release f e r t i l i z e r  a r e  added 
p e r  m3 (7 .3  l h / y d 3 )  o f  p o t t i n g  mix. 

W a t e r i n g  is  c r i t i c a l  because  
s e e d l i n g s  can  e a s i l y  d i e  from d e s i c -  
c a t i o n ,  Dur ing  h o t ,  d r y ,  windy a f t e r -  
noons of  l a t e  s p r i n g ,  t h e  s e e d l i n g s  c a n  
b e  l o s t  by f a i l u r e  of  one a f t e r n o o n  
w a t e r i n g ,  

Cylindrocladium b l i g h t  a t  t h e  FDF 
n u r s e r y  is  c o n t r o l l e d  by a  weekly f u n g i -  
c i d e  t r e a t m e n t  deve loped  by FDF pe r son-  
n e l ,  Renomyl and c h l o r o t h a l o n i l  a r e  
s p r a y e d  on t h e  s e e d l i n g s  i n  a l t e r n a t e  
weeks.  

A t  p l a n t i n g  t i m e ,  s e e d l i n g s  are 
p u l l e d  from c o n t a i n e r s  a t  t h e  n u r s e r y  
and  packed i n  v e n t e d ,  waxed-cardboard 
boxes  , A s e e d l i n g ' s  r o o t s  and t h e  
p o t t i n g  medium form a f i r m  p l u j  t h a t  
u s u a l l y  remains  i n t a c t  from s e e d l i n g  
p u l l i n g  th rough  p l a n t i n g ,  

S i t e  Preparation 

C o n t r o l  of c o m p e t i t i o n  is i m p o r t a n t  
i n  e s t a b l i s h i n g  e u c a l y p t s  because  t h e y  
need f a l l  s u n l i g h t  for  good growth drld 

t h e y  compete p o o r l y  f o r  H a t e r  and 
n u t r i e n t s  a g a i n s t  grasses. Eucd lyp t s  



o f t e n  s u r v i v e  competit ion t o  eventua l ly  Bedding 
dominate  the site, bu t  growth is slowed 
and the stand s t r u c t u r e  of t he  plan-- P r i o r  to bedding, the s i t e  must be 
t a t i o n  becomes very i r r e g u l a r ,  Bedding thoroughly c u l t i v a t e d  t o  k i l l  the 
i s  o f t e n  the  b e s t  approach f o r  cont ro l -  e x i s t i n g  vegeta t ion  and t o  chop r o o t s  
l i n g  compet i t ion ,  p a r t i c u l a r l y  on sites and o t h e r  deb r i s  i n t o  small  p ieces  *a 
where wa te r  may s tand  f o r  extended w i l l  no t  impede machine p l an t ing  of 
periods during t h e  r a iny  season, seedlings. Root raking is no t  

Preparing a palmetto prairie planting site by chopping. 

recomended;  it tends to remove t o p s o i l ,  Broad, high beds made with a 
of which the re  is prec ious  l i t t l e  on f o r e s t r y  bedding harrow and hourg lass  
most p l a n t a t i o n  s i t e s ,  The e n t i r e  plan- packer  a r e  p re fe r r ed ,  Low beds of t he  
t a t i o n  a r e a  must k c u l t i v a t e d  where type made by the  vegetable  i ndus t ry  a r  
t h e r e  is saw-palmetto, because leaving  n o t  adequate,  and beds made with f i r e  
s t r i p s  of saw-palmetto c r e a t e s  a s e r i o u s  plows a r e  too  s t e e p  and too c lose  
f i r e  hazard ,  t oge the r  . 

M d i n g  a flatwoods planting site. 



Bedding improves r o o t  a e r a t i o n  and Tahle 2 . - - ~ f f e c t s  o f  ' k d d i n q  o r  f l a t  harrow s i t e  

normal ly  g ive s  an unf looded p l ace  t o  
p l a n t  when water s t a n d s  on t h e  s i te  a t  

p r e p a r a t i o n  on  a , n a l m ~ t  to p r a i r i e  on e s t a b l i s h m e  
a n d  qrowtl-i of qrandl.; t h r o u q h  4.5 yearc; 

C h a r a c  t e r i r  t i c  

p l a n t i n g  t i m e .  Although bedding 
c o n t r o l s  competing vege t a t i on  f o r  a 
whi le ,  it prevents  c u l t i v a t i o n  af ter 
p l a n t i n g ,  Most p l a n t e r s  p r e s e n t l y  a r e  S u r v i v a l .  ( % )  7 5 62 
bedding t o  p repare  s i t e s ,  

The e f f e c t s  of bedding and f l a t  S u r v i v a l  coef f r c i e n t  

harrowing on growth of g randis  were com- s f  variation I % f  7 2  5 

pa red  i n  a s t udy  on pa lmet to  p r a i r i e  H e i k ~ h t  ( in)  12.2 9.8 
( t a b l e  2) , Bedding improved s u r v i v a l  (f t )  40.0 32.1 

and growth rate and i nc rea sed  c rop  uni-  
H e i q h t  c o e f f i c i e n t  

f o rmi ty ,  The response of robus ta  t o  o f  v a r i a t i o n  r % )  

bedding i n  t h e  same s tudy  was s i m i l a r  t o  
t h a t  of g randis ,  b u t  o v e r a l l  growth was D . ~ . F I .  ( C Q )  

l e s s ,  ( i n )  

Bedding enhanced growth of both 0.b.h. c o a f f r c i e n t  
Spanish camaldulensis  and S t ,  Leo tere- O F  v a r i a t i o n  ( 8 )  

t i c o r n i s  on a f la twoods i n  c e n t r a l  
~ l o r i d a  ( t a b l e  3 ) .  Even on a r i dqe  of 

M e r c h a n t a b l e  t r e e s  f % )  

Table 3.--Effect of bedding o r  f l a t  harrow s i t e  p r epa ra t i on  on 6-month h e i g h t  
growth of Spanish camaldulensis  and S t .  Leo t e r e t i c o r n i s  on a c e n t r a l  F lo r ida  
f l a  twoods 

Camaldulensis 

Bedded 

F l a t  harrowed 

Tereticornis 

Bedded 

F l a t  harrowed 

aThe s o i l s  r e p r e s e n t  a g r ad i en t  of improving dra inage ,  running from a P l ac id  
s o i l  a t  a pond edge t o  a r idge  of Tavares s o i l .  

Pomello-Tavares s o i l ,  growth on beds Af t e r  a year ,  hard ly  any s eed l ings  s u r -  
exceeded growth on a f l a t  harrowed area, vived on t h e  f l a t  harrowed a r ea ,  heeaus 
The improvement on t h i s  d ry  r idge  w a s  of i n t e n s e  compet i t ion ,  
probably due to c o n t r o l  of compet i t ion,  



Spacing 

me d i s t a n c e  between beds is d i c -  
t a t e d  by the  d e s i r e d  p l a n t a t i o n  s t ock i ng  
a s  w e l l  a s  p h y s i c a l  r e s t r i c t i o n s ,  I n  
t h e  o n l y  long-term s tudy  on spac ing  i n  
F l o r i d a ,  i n c r e a s e s  i n  g r and i s  p l a n t i n g  
d e n s i t y  from 840 to  3,362 s eed l i ngs  pe r  
ha  (340 t o  1,361 /ac re  ) l e d  t o  i n c r e a s e s  
i n  t o t a l  volume sf wood produced 
(Meskimen and F rank l i n  1978) However, 
t h e  merchantable  volume, based on con- 
v e n t i o n a l  s i z e  r e s t r i c t i o n s  on pulpwood, 
was the same over  the range of i n i t i a l  
p l a n t i n g  d e n s i t i e s .  I n  a  subsequent  
s t udy ,  as of 33 months i n c r e a s i n g  
p l a n t i n g  d e n s i t i e s  up to 40,000 
s e e d l i n g s  pe r  ha ( 16,00O/acre ) produced 
i n c r e a s i n g  amounts of wood (Rockwood and 
o t h e r s  1982) .  Again t h e s e  l a r g e  amounts 
o f  volume produced a t  h igh  p l a n t i n g  
d e n s i t i e s  cannot  be used f o r  conven- 
t i o n a l  pulpwood, b u t  they  sugges t  oppor- 
t u n i t i e s  i f  t o t a l  biomass can be 
u t i l i z e d ,  

While t h e  lower c o s t  of p l a n t i n g  
on ly  840 s eed l i ngs  per ha (340/acre )  
seems a t t r a c t i v e ,  t h i s  number is  prob- 
a b l y  too few cons ide r i ng  t h e  r i s k s  of 
p l a n t i n g  m o r t a l i t y  and coppice  f a i l u r e ,  
P l a n t i n g  1,500 s e e d l i n g s  per ha 
(607 / ac r e )  seems a  s a f e  hedge a g a i n s t  
m o r t a l i t y  and f o r  f u t u r e  e f f i c i e n c i e s  i n  
h a r v e s t i n g  t o t a l  biomass, 

Spac ing  between beds is cons t r a i n e d  
by the width of bedding harrows, c o s t  
p e r  u n i t  of bed l eng th ,  and need f o r  
v e h i c l e  a cce s s  i n t o  t h e  p l a n t a t i o n s  , 
Convent ional  f o r e s t r y  harrows prepare  
beds from 2,2 t o  3.2 m wide ( 7  t o  10.5 
f  t ) , depending on t h e  harrow % width,  s o  
3 . 2  rn (70.5 f t )  is t h e  c l o s e s t  p r a c t i c a l  
spac ing  between beds f o r  swners of t he  
l a r g e s t  harrows, Each bed, however, 
r e p r e s e n t s  d i s t a n c e  t o  be t r a v e l e d  by a 
t r a c t o r  wi th  bedding harrow, and then 
l a t e r  wi th  s e e d l i n g  p l a n t e r ,  The 
g r e a t e r  t he  d i s t a n c e  between beds,  t he  
s h o r t e r  the d i s t a n c e  t o  be t r a v e l e d  over  
t h e  p l a n t a t i o n ,  b d s  have been spaced 
a s  w i d e  as 4,3 rn ( 1 4  f t )  i n  some p lan-  
t a t i o n s ,  b u t  a t  t h i s  width it t akes  
crowns a long t i m e  t o  shade o u t  vegeta-  
t i o n  between the beds,  and t he  spac ing  
of s e e d l i n g s  on beds seems too  c l o s e .  A 
spac ing  of 3,7 m ( 1  2 f t )  hetween beds 
appears  to  be a reasonable  compromise 

among a l l  f a c t o r s ,  A t  t h a t  d i s t a n c e ,  
s e e d l i n g s  must be p laced  1.8 m ( 6  f t )  
a p a r t  t o  g e t  1,500 s eed l i ngs  per  ha 
(6071acre ) .  It  is p r a c t i c a l  f o r  a 
worker t o  develop t h e  rhythm t o  p l a n t  
a t  t h a t  spac ing  on a  fast-moving tree 
p l a n t e r ,  Vehicles  can,  i n  an emergenc: 
d r i v e  through the p l a n t a t i o n  when beds 
a r e  spaced a t  3.7 m ( 1  2 f t )  i n t e r v a l s ,  
b u t  such t r a v e l  is no t  recommended, as 
bed edges and r o o t s  w i l l  be damaged, 

On nonbedded s i t e s ,  2,5- by 2.5-m 
(8,2-  by 8 - 2 4  t )  is a good spac ing ,  1. 
a l lows  room f o r  c r o s s  c u l t i v a t i n g  w i th  
s m a l l  t r a c t o r  and d i s k ,  and g ives  1,601 
s e e d l i n g s  per  ha (6481acre 1, For cross 
c u l t i v a t i n g ,  e x a c t  spac ing  is  r equ i r ed  
hand p l a n t i n g  is n o t  necessary-- 
I n t e r n a t i o n a l  Paper Co, has done it by 
machine, by s c o r i n g  of t he  e a r t h  i n  onc 
d i r e c t i o n  t o  mark t h e  p l a n t i n g  spo t .  

F e r t  

The only o p e r a t i o n a l  f e r t i l i z a t i o n  
p r a c t i c e  i n  euca lyp tu s  p l a n t a t i o n s  i n  
F l o r i d a  is  t he  a p p l i c a t i o n  of ground 
rock phosphate ( S R P  1 Flo r ida  s o i l s  
t end  t o  be very phosphorus d e f i c i e n t ,  
ve ry  ac id  (pH can be a s  low a s  3 , 8 ) ,  a 
do  no t  r e t a i n  s o l u b l e  phosphorus, GRP 
d i s s o l v e s  s lowly  i n  the a c i d  s o i l s  and 
t he r eby  f u r n i s h e s  a  long-term supply o  
phosphorus. CRP a p p l i c a t i o n ,  however, 
i s  u s e f u l  only on very a c i d  s o i l s ,  

I n  only one s t udy  of GRP a p p l i c a t i l  
have t r e e s  reached r o t a t i o n  age, I n  
t h a t  s tudy ,  g r and i s  r e ce iv ing  1,400 kg 
p e r  ha GRP (1,250 l b / ac r e  ) grew more 
r a p i d l y  i n i t i a l l y  than  n o n f e r t i l i z e d  
trees on pa lmet to  p r a i r i e  ( t a b l e  41, 
Eventua l ly ,  n o n f e r t i l i z e d  t r e e s  s t a r t e l  
t o  c a t ch  up, b u t  a t  8,75 years  a f t e r  
p l a n t i n g ,  phosphated t r e e s  con ta ined  1  
p e r c e n t  more volume than nonphosphated 
t r e e s ,  The volume ga in  on a n  a r e a  has  
cannot  be c a l c u l a t e d ,  because the  s t u d  
de s ign  w a s  no t  s u i t a b l e  for area 
p r o j e c t i o n s ,  

Grandis responded s i m i l a r l y  t o  GRP 
on sweet Elatwoods, wet p r a i r i e ,  and d 
r i d g e  s i t e s ,  b u t  o v e r a l l  growth was ler 
than on pa lmet to  p r a i r i e ,  Robusta aLsr 
responded t o  GRP, b u t  a camaLduLensis 
grandis hybrid  and r u d i s  d i d  n o t ;  pure  
eamaldu lens i s  s e e d l o t s  developed t e r -  
minal  d ieback from -Ishe GRP, 



T a b l e  4.--Effect  o f  ground rock  phospha te  (GRP)  f e r t i l i z e r  on growth  of  g r a n d i s  
e u c a l y p t u s  on p a l m e t t o  p r a i r i e ,  by t r e a t m e n t s ,  t r e e  c h a r a c t e r i s t i c ,  and  age 

Trea  t m n t  

rn /ftl rn lftf c m  (in) m3 /ft3) kg ( ~ b )  

No GRP 3.9 (12 .8 )  18,5 (60,71 77.3 ( 6 . 8 )  0.754 (5.4) 59 (130)  

D i f f e r e n c e  7.2 ( 3.93 0.9 ( 2.9) 0.7 ( 0 , 3 )  0,028 ( 1 , O )  5 1  ( 24) 

Gain ( % I  3 1 5 4 18 19 

avolumes and w e i g h t s  are f o r  a l l  aboveground wood; bark is  e x c l u d e d .  

T a b l e  5,--Height, d.h.h., and b a s a l  area of t h r e e  e u c a l y p t ~ a s  species 3.5 y e a r s  
a f t e r  p l a n t i n g  on palmetto p r a i r i e  in plots fertilized with qrnund rock 
phosphatea 

a p p l i c a t i o n  Basal a r e a  

m (ft) cm (in) rn2h a (f t2/acre) 

Grandi s 

0 (0 

560 (500) 

1,120 (1,000) 

1,680 (1,500) 

Robus ta 

0 ( 0 )  

560 ( 5 0 0 )  

4,120 (1,000) 

1,680 i I ,  500) 

Viminal i s  

0 (0) 

560 ( 5 0 0 )  

1,120 (1,000) 

7,680 (1,500) 

"E. U n d e r h i l l  and K, Zmse of fiudson Pulp and Paper C o r p o r a t i o n  (now 
Georgia-Pacific C o r p o r a t i o n )  i n s t a l l e d  this study. 

b ~ h e  t h r e e  s p e c i e s  are p l a n t e d  i n  s e p a r a t e  e x p e r i m e n t s  and c a n n o t  be compared 
by a n a l y s i s - f - v a r i a n e e  t e c h n i q u e s  for two-way t a b l e s .  



In a more r e c e n t  exper iment  on 
palmetto p r a i r i e ,  three rates of GRP 
were a p p l i e d ,  Grandis  responded 
s t r o n g l y  a t  a young age  ( t a b l e  5 )  . The 
r e s p o n s e  by r o b u s t a  was n o t  as pro- 
nounced,  Vimina l i s  was damaged by the 
h e a v i e s t  a p p l i c a t i o n  of  GRP a p p l i e d ,  but 
i t  did respond  p o s i t i v e l y  t o  Lesser 
amounts I 

It  a p p e a r s ,  *en, t h a t  GRP stimu- 
lates e a r l y  growth of g r a n d i s ,  and t o  a 
lesser e x t e n t  r o b u s t a ,  h e l p i n g  the trees 
t o  more q u i c k l y  r e a c h  s i z e s  t h a t  a r e  
more r e s i s t a n t  t o  f r e e z e s  and weed com- 
p e t i t i o n ,  The i n c r e a s e s  i n  y i e l d  of  
g r a n d i s  and r o b u s t a  due t o  GRP o v e r  a 
r o t a t i o n  a r e  n o t  known, I t  is n o t  a d v i s -  
a b l e  t o  a p p l y  GRP t o  camaldu lens i s ,  
t e r e t i c o r n i s ,  o r  v i m i n a l i s ,  and it 
s h o u l d  be a p p l i e d  c a u t i o u s l y  t o  s p e c i e s  
n o t  y e t  t e s t e d ,  

Farmers  i n  F l o r i d a  o f t e n  a p p l y  l i m e  
t o  a c i d  s o i l s  t o  i n c r e a s e  s o i l  pH t o  a 
p o i n t  were  s o l u b l e  phosphate  f e r t i l i z e r s  

a r e  r e t a i n e d ,  Th i s  p r a c t i c e  was 
a t t e m p t e d  i n  a g r a n d i s  p l a n t i n g  on 
p a l m e t t o  prairie, DoPomi t i c  limes t o n e  
was b r o a d c a s t  p r i o r  to bedding,  and 
superphospha te  was b r o a d c a s t  a f  ter 
p l a n t i n g  t o  s i m u l a t e  aerial a p p l i c a t i o n  
t h e  p lanned o p e r a t i o n a l  p r a c t i c e ,  mer 
w a s  no s i g n i f i c a n t  r e sponse  i n  grow* t 
superphospha te  or L i m e s  t one  a l o n e  or i n  
combinat ion i n  rates of a p p l i c a t i o n  of 
up to  4,500 kg per ha (4 ,008 l b l a c r e )  o 
do lomi te  and 202 kg per ha t 180 I b / a c r e  
o f  superphospha te  (45% ~ 2 0 5 ) .  Banding 
o f  superphospha te  on t h e  beds t o  p r o v i d  
a heavy c o n c e n t r a t i o n  needs t e s t i n g  , 

L i t t l e  is known abou t  e f f e c t s  o f  
a p p l y i n g  n u t r i e n t s  o t h e r  than  phosphoru 
(and  t h e  calcium-magnesium i n  d o l o m i t e )  
b e f o r e  o r  a t  p l a n t i n g ,  F i f t e e n  g (0,5 
o z )  of c o n t r o l l e d - r e l e a s e  f e r t i l i z e r  
a p p l i e d  i n  t he  p l a n t i n g  h o l e  has  
i n c r e a s e d  e a r l y  growth ( t a b l e  6 ) ,  but 
a l s o  h a s  i n c r e a s e d  f i r s t - y e a r  m o r t a l i t y  
Whether m o r t a l i t y  of win te r -p lan ted  

Table 6, --Effect of Osnoeote 14-1 4-1 4 c o n t r o l l e d  r e l e a s e  f e r t i l i z e r  p laced i n  
t h e  p l a n t i n q  ho le  on establishment and qrowth of qrand i s  eucalyptusa  

p l a n t i n g  time 
Gbarac t e r i s  t i c  and 

--- - --------------- percent ------------------ 

Q u a n t i t y  of Osmocote per s e e d l i n q  

S u r v i v a l  3 # % ~ n t h ~  
a f t e r  p l a n t i ~ g  

Fleiqht q r o w t h  "3nrrth.s 
after p l d n t i n q  

".Seedlings were planted i n  August and December on an August-harvested g rand i s  
s t a n d  t h a t  failed to coppice ,  Seed l ings  p lan ted  i n  December were sub jec ted  t o  
more compet i t ion than those p lan ted  i n  August. 



s e e d l i n g s  was due t o  t o x i c i t y  of f e r -  
t i l i z e r  i n  t h e  p l a n t i n g  ho le  o r  t o  
g r e a t e r  f r e e z e  m o r t a l i t y  of t he  more 
s u c c u l e n t  f e r t i l i z e d  s eed l ings  is no t  
c l e a r .  Long-term e f f e c t  of t h i s  i n i t i a l  
growth boos t  is  n o t  known, Appl ica t ion  
of c o n t r o l l e d - r e l e a s e  f e r t i l i z e r s  i n  a  
h o l e  a  s h o r t  d i s t a n c e  from the seed- 
l i n g ,  o r  perhaps d r ibb l ed  i n t o  t he  
p l a n t i n g  t r ench  with  an appara tus  y e t  
t o  be developed, is  worth t r y i n g  on a 
sma l l  s c a l e  t o  ga in  exper ience ,  

I n  summary, the growth r a t e  of euca- 
l y p t u s  can be boosted by apply ing  f e r -  
t i l i z e r s  be fo re  o r  a t  p l a n t i n g ,  But t he  
n u t r i t i o n a l  requirements  f o r  euca lyp t s  
i n  F lo r ida  a r e  n o t  known we l l  enough t o  
make op t imal  f e r t i l i z e r  p r e s c r i p t i o n s ,  
nor  can expected y i e l d  i n c r e a s e s  from 
f e r t i l i z a t i o n  be p r e d i c t e d ,  

Burning 

Burning p r i o r  t o  mechanical s i t e  
p r e p a r a t i o n  has  been done, b u t  t h e  
danger  of escape is h igh ,  I t  may make 
mechanical vege t a t i on  c o n t r o l  e a s i e r ,  
b u t  it w i l l  n o t  k i l l  competing r o o t  
s t o c k s  , Therefore ,  burning should be 
avoided un l e s s  needed t o  reduce d e b r i s  
t h a t  would i n t e r f  ere with  p l an t i ng .  

Common Siteuprepara t ion Practice 

Experience on s i t e  p r epa ra t i on  is  
concent ra ted  on pa lmet to  p r a i r i e  i n  t h e  
sou the rn  p l a n t i n g  zone, and t o  a  much 
l e s s e r  e x t e n t  on cu tover ,  stumped, a c i d  
f  latwoods i n  t h e  sou thern  and c e n t r a l  

zones ,  S i t e s  are e i t h e r  double choppc 
c r o s s  disked,  o r  r o o t  plowed ( l o c a l l y  
c a l l e d  webbing) t o  k i l l  palmet to ,  I n  
t h e  sou th ,  March and Apr i l  a r e  u sua l l :  
h o t  and dry,  and drought  adds t o  the 
e f f e c t i v e n e s s  of mechanical t rea tment  
t h o s e  months i n  k i l l i n g  vege t a t i on ,  

Next, 1,100 kg per ha (1,000 
l b l a c r e )  of GRP a r e  broadcas t  on area:  
to be p l an t ed  with  g r and i s  and robus t (  
Appl ica t ion  is u s u a l l y  r e s t r i c t e d  t o  
e a r l y  morning, before  b reezes  develop 
After phosphate i s  app l i ed ,  beds a r e  
cons t ruc t ed  with  a  bedding harrow and 
hou rg l a s s  r o l l e r ,  Bedding needs t o  bt 
cornple t e d  p r i o r  t o  heavy summer r a i n s  
because mud is  d i f f i c u l t  t o  bed, and 
beds need t i m e  t o  sett le before  p l an t  

Old F i e l d s  

Abandoned a g r i c u l t u r a l  f i e l d s  and 
p a s t u r e  of t e n  are a v a i l a b l e  f o r  
p l a n t i n g ,  This  l and  is dominated by 
hardy,  c r eep ing  grasses which a r e  
imposs ib l e  t o  e r a d i c a t e  meekanical ly  . 
Once summer r a i n s  beg in ,  t he se  g r a s s e  
and i n  some f i e l d s  tall herbaceous 
weeds, compete s t r o n g l y  wi th  e u c a l y p t  
and r e t a r d  t h e i r  growth subs  t a n t i a l l y  
Two, t h r e e ,  and sometimes more yea r s  
p a s s  before  the e u c a l y p t s ,  one by one 
break  f r e e  of t h e  compet i t ion .  A pra  
t i c a l  t r e a tmen t  t o  c o n t r o l  t h e  com- 
p e t i t i o n  has  no t  been developed, b u t  
h e r b i c i d e s  appear  p romis ing ,  A s a f e  
a p p l i c a t i o n  system t h a t  does no t  l eav i  
t o x i c  r e s idue  is needed, and the c o s t  
must be reasonable .  

Weed-free beds of grandis on old field that vvas treated lnrith granular atrarine after seedlings were planted. 



In one experiment ,  g r anu l a r  a t r a z i n e  
( 8% a c t i v e  ) was b r o a d c a s t  over g r and i s  
s e e d l i n g s  a t  a rate of 4,48 g a c t i v e  
i n g r e d i e n t  pe r  mZ (0.1 3 oz,Jyd2 1. 
S e e d l i n g s  had been p l a n t e d  wi th  their 
root collars 7 c m  (2,8 i n )  below t h e  
so i l  surface, Beds w e r e  weed f r e e  a t  
t h e  time of h e r b i c i d e  a p p l i c a t i o n ,  The 
s e e d l i n g s  w e r e  dry,  s o  a t r a z i n e  g r anu l e s  
d i d  n o t  s t i c k  leaves, At raz ine  k e p t  
t h e  beds f r e e  of weeds u n t i l  t h e  g r and i s  
c o u l d  expand their crowns and shade o u t  
weeds ( i n  abou t  3 months 1, Grandis grew 
much m o r e  r a p i d l y  on t r e a t e d  than on 
u n t r e a t e d  beds,  Heights  and stem vol-  
umes o f  t r e a t e d  and u n t r e a t e d  s e e d l i n g s  
a t  13 months were: 

Height Vol ume 

m (ft) m3/ha (ft3/acre) 

NO a t r a z i n e  1,6 ( 5 . 2 )  0,2 (390)  

In ano the r  experiment,  g lyphosate  
h e r b i c i d e  ( 42 % a c t i v e  i n g r e d i e n t  1 was 
a p p l i e d 3  i n  meter-wide ( 3 . 3  f t )  s t r i p s  
a t  a v a r i e t y  sf r a t e s  d i r e c t l y  t o  a 
p a s t u r e  t h a t  had a vigorous s t and  of 
bah i a  and bermuda g ra s se s  ( P s p a l u m  
notaturn Fluegge and Cyraodon d a c t y l o n  
Pers.), Twftnty days a f t e r  a p p l i c a t i o n ,  
g r a n d i s  s eed l i ngs  were p l an t ed  d i r e c t l y  
i n t o  Wrae t u r f  t o  test n o - t i l l  e s t a b l i s h -  
ment i n  t h e  hope t h a t  dead t u r f  would 
r e t a r d  i nvas ion  by weeds, There w a s  a 
l i g h t  r a i n  5 hours  after t he  f i n a l  spray 
a p p l i c a t i o n ,  and even the h i g h e s t  r a t e  
s f  a p p l i c a t i o n  d id  n o t  k i l l  a l l  grass, 
The g r a s s e s  e v e n t u a l l y  began t o  compete 
s t r o n g l y  with  the euca lyp t s ,  b u t   grow^ 
i n  t he  sprayed  s t r i p s  g r e a t l y  exceeded 
t h a t  i n  c o n t r o l s  by 4.5 years after 
p l a n t i n g  : 

Q u a n t i t y  of Mean Plat 
G L y f i m a t e  AppJied U e a  

'~r, D, &ird of Monsanto Chemical Co. 
a p p l i e d  t h e  h e r b i c i d e ,  

Planting 

The c l ima te  of pen insu l a r  F l o r i d a  
i s  s u b t r o p i c a l ,  However, f r o s t s  and 
f r e e z i n g  temperatures  can occur d u r i n g  
t h e  late f a l l ,  win te r ,  o r  e a r l y  s p r i n g  
i n  any i n l and  a r e a  t h a t  might be p l a n t  
t o  euca lyp t s  (Johnson 1970) ,  There is 
d i s t i n c t  r a iny  season from mid-June t o  
mid-Septenrber, and a dry season t h e  re 
of  t h e  year ,  Occasional r a i n s  occur  i 
t h e  d ry  season i n  a s s o c i a t i o n  w i th  col 
f r o n t s ,  b u t  they a r e  no t  dependable,  
Summer is the only t i m e  when it is cer 
t a i n  t h a t  s o i l  mois ture  w i l l  be adequa 
f o r  s u c c e s s f u l  p l a n t i n g  i n  t h e  s o u t h e r  
and c e n t r a l  zones,  Seedl ings  can be 
grown i n  the nursery  dur ing  s p r i n g  f o r  
summer p l a n t i n g  wi th  assurance t h a t  t h ~  
can be p l an t ed  wi thout  any long ho ldov~ 
pe r iod  i n  t he  nursery ,  - i n l e s s  per is1 
of  a week o r  more i n  summer c r e a t e  
d rought  cond i t i ons ,  and s eed l ings  
p l a n t e d  then a r e  l i k e l y  t o  d i e ,  There 
f o r e ,  summer p l a n t i n g  a t  t imes must st! 
u n t i l  s o i l  mois ture  is r e s t o r e d ,  I t  i; 
mois ture  a t  p l a n t i n g  t i m e  t h a t  is c r i t  
cal; a dry  spel l  a f t e r  p l a n t i n g  does nl 
k i l l  s eed l i ngs ,  

The e a r l i e r  i n  summer 'that p l a n t i  
s t a r t s  the b e t t e r ,  t o  h k e  advantage o 
t h e  lack of weeds on tkle s i t e  a t  the 
start of the r a i n s  and t o  allow as mucl 
growth as pos s ib l e  p r i o r  t o  the f i r s t  
f r e e z e  of the year, Mid-June is %he 
e a r l i e s t  p r e d i c t a b l e  d a t e  t h a t  p l an t i n t  
can begin,  b u t  i f  the s p r i n g  was exceps 
t i o n a l l y  dry,  beds may n o t  be wet enoul 
t o  p l a n t  u n t i l  l a t e  J u l y ,  The r u l e  is 
ts be prepared t o  p l a n t  i n  June, b u t  
a l s o  be prepared t o  wa i t  and t o  start 
and s t o p  i f  t h e  r a i n s  stop, 

Although summer p l a n t i n g  is s t a n d *  
a r d  p r a c t i c e ,  f a l l  and win te r  p lan t ing!  
have been done exper imenta l ly  (Geary 
1977; m b l e  6 )  and o p e r a t i o n a l l y  with 
grand i s  in the south  i n  a t  least 2 yea] 
with  good succes s ,  Bare-root stock ma: 
have t o  be p lan ted  i n  cool weather (Hul 
1 980) , Freezing and drought are hazart 
i n  f a l l  and win te r  p l a n t i n g ,  However, 
i f  t he  s eed l i ngs  are p l an t ed  deep 
enough, t he  be low-ground stem should 
su rv ive  f r e e z e s  and sp rou t ,  so that t h e  
crop w i l l  n o t  be los t ,  F a i l  and w i n t e ~  
p l a n t i n g s  need t o  be studied further t c  
extend the p l a n t i n g  season, Spr ing  has 



t h e  l e a s t  chance of success ,  Spr ing  is  
u s u a l l y  h o t  and dry,  and, if the pre-  
ced ing  w in t e r  w a s  co ld ,  sec d l i n g s  could 
n o t  be grotan to  p l a n t i n g  s i z e  for sp r ing  
p l a n t i n g ,  A wet sp r ing ,  which occurs 
occas iona l l y ,  would be ideal for 
p l a n t i n g ,  

Spring may be more suitable for 
p l a n t i n g  i n  -tihe northern zone, f o r  that 
zone has w e t t e r  w i n t e r s  and springs than 
the other zones,  Even win te r  planting 
Looks promising in the nor thern  zone, 
d e s p i t e  the f r equen t  hard freezes (Hunt 
19801, 

P l a n t i n g  in the summer rainy season 
p r e s e n t s  Wo compl ica t ions  i n  a d d i t i o n  
t o  t he  p o t e n t i a l  lapse of rains--heat  
and mud, Seed l ings  must be shaded and 
v e n t i l a t e d  whi le  awai t ing  p l a n t i n g ,  The 
qu i cke r  they a r e  p l an t ed  a f t e r  being 
p u l l e d  from c o n t a i n e r s  i n  the  nursery ,  
t h e  b t t e r ,  Seed l ings  have been s t o r e d  
i n  a r e f r i g e r a t e d  .Jan a t  the p l a n t i n g  
s i d e ,  b u t  whether t h a t  preserved seed- 
l i n g s  b e t t e r  than j u s t  shade and ventk- 
l a t i o n  is n o t  c e r t a i n ,  Occasional 
s p r i n k l i n g  w i th  water is necessary  i f  
s t o r a g e  is prolonged,  ??he f o l i a g e  can 

d r y  ou t  wi thout  harml but  a s eed l ing  
w i l l  die if i ts  root p lug  dries, Fur- 
thermore,  i f  s eed l i ngs  are not w e l l  
a e r a t e d ,  t h e y  will r o t  or overheat, 
Seedl ings  are hardy and w i l l  surv ive  : 
they are p c k e d  l o o s e l y  i n  boxes--a 
shipment of experimental seedlings sul 
vived 1 week of storage in a vented %sr 
in the storage room o f  a bus s t a t i o n ,  

One mst be prepared to p l a n t  whe 
the areas between beds are muddy or eb 

f looded ,  &cause the removal of vege- 
tation from a site r a i s e s  the water 
t a b l e ,  Opera t iona l  planting is  almost 
a l l  done with p l a n t i n g  machines-- 
standard bare-root pine p l a n t e r s  t h a t  
have been modified to carry boxes of 
s eed l ings .  Because of the mud, high- 
c l ea r ance  t r a c t o r s  t h a t  can straddle 
beds are needed, Planting machines mu 
have a Wlree-point hitch or s t r a d d l e  t 
bed on t h e i r  own wheeled frames, Drag 
machines w i l l  n o t  work on beds--they 
f a l l  o f f  and tear down beds, PLantero 
need frames t o  hold enough boxes of 
seedl ings  to make id f r o m  one end of t 
p l a n t a t i o n  to the other and return, 

Pdachine planting eucaJypd"~s seedjings from cardboard boxes in which they were packed at the nursery 



Hand planting a eucalyptus seedling with a tubular root plug into a hole dibbled with a broom handle. 

Hand p l a n t i n g  is a n  o p t i o n ;  it is  
e a s y - - a l l  t h a t  i s  needed is a d i b b l e  t o  
punch a h o l e  i n  the s o i l  la broom h a n d l e  
w i l l  do fo r  t u b e l i n g  s e e d l i n g s ) ,  Root  
p lugs  s l i p  e a s i l y  i n t o  t h e  h o l e ,  which 
can be p r e s s e d  c l o s e d  w i t h  a f o o t ,  

S e e d l i n g s  s h o u l d  be p l a n t e d  s o  t h a t  
t h e  c o t y l e d o n s  a r e  w e l l  below fhe s o i l  
surface; b u r y i n g  t h e  stem a t  leas t  5 cm 
( 2  in) d e e p  is usually a d e q u a t e ,  Ex- 
p o s e d  p l u g s  l o s e  m o i s t u r e  t h r o u g h  wick- 
i n g  a c t i o n ,  and  some s t em t i s s u e  s h o u l d  
r e m a i n  below ground a f t e r  s e t t l i n g  and 
e r o s i o n  of  the bed s u r f a c e ,  Stem t i s s u e  
below the c o t y l e d o n  w i l l  n o t  p roduce  
ep ico rmj l c  s h o o t s ,  so it is t h e  & l o w -  
ground t i s s u e  above  t h e  c o t y l e d o n s  that 
is the  source s f  s h o o t s ,  s h o u l d  the  s t e m  
b e  k i l l e d  to  the g r o u n d l i n e  hy freeze, 
fire, or sun s c a l d ,  

Good survival and uniform s p a c i n g  
are more i m p o r t a n t  i n  a p l a n t a t i o n  to  be 
managed for c o p p i c e  than i n  a p l a n t a t i o n  
to be f e l l ed  and replanted, Irregulari- 
t i es  i n  stand structure hecome p r o g r e s -  
s i v e l y  exaggerated i n  s u b s e q u e n t  c o p p i c e  
crops ( F A 0  of the fJN 1981 ) , Unfor tu-  
n a t e l y ,  survival of machine-planted 
s e e d l i n g s  i n  summer is  variable--running 
from z e r o  to near  t 80 p r c e n t  s u r v i v a l  
over short distances on one landowner-  
s h i p  i n  one p l a n t i n g  season, S e r i o u s  
losses are due to p l a n t i n g  when it is 
too dry, to flooding (the seedlings can 
drown, or f Poat  out o f  the s o i  1 1, and 

o c c a s i o n a l l y  to f u n g a l  i n f e c t i o n  of 
s e e d l i n g s  i n  p a c k i n g  boxes, When con- 
d i t i o n s  a r e  i d e a l  fo r  p l a n t i n g ,  the 
s e e d l i n g s  will s u r v i v e  v e r y  poor p l a n t -  
i n g ,  b u t  s u c h  c o n d i t i o n s  r a re ly  prevai: 
Hand-planted s e e d l i n g s  have a better 
c h a n c e  of s u r v i v a l  t h a n  machine-p lanter  
I n  r e s e a r c h  s t u d i e s ,  s u r v i v a l  of  hand- 
p l a n t e d  s e e d l i n g s  u s u a l l y  exceeds 90 
p e r c e n t ;  a t  t i m e s  s u r v i v a l  i s  100 
p e r c e n t ,  

P l a n t i n g  d e l a y s  i n  sumtner r e s u l t  i 
o v e r s i z e d  s e e d l i n g s  because  it has beer  
i m p o s s i b l e  t o  s top e u c a l y p t s  from g r o w -  
i n g  i n  the n u r s e r y  i n  hot wea the r  with- 
o u t  risk of k i l l i n g  t h e n ,  O v e r s i z e  
s e e d l i n g s  can  he t o o  t a l l  to f i t  in the 
p a c k i n g  boxes ,  even i f  the  stems are 
b e n t ,  S e e d l i n g s  t h a t  a r e  t o o  tall. c a n  
be damaged a l s o  by the p l a n t i n g  machine 
as  it passes o v e r  them, Tall  seedling^ 
a r e  u s u a l l y  topbedvy and can l e a n  see 
v e r e l y  after p l a n t i n g ,  c a u s i n g  b a s a l  
sweep, Under d r y  p l a n t i n g  c o n d i t i o n s ,  
oversize s e e d l i n g s  may have too great c 
shoot-to-root ratio for good s u r v i v a l ,  

C l i p p i n g  s e e d l i n g  tops may be a 
s o b u t i o n ,  but r e s u l t s  of a test are not  
encouraging, Grandis seedlings a v e r a g -  
i n g  60 cm ( 2 4  i n )  t a l l  and r o b u s t a  seed 
P i n g s  a v e r a g i n g  55 cm ( 2 2  i n )  t a l l  were 
clipped t o  30 crn ( 1  2 in) the day before 
p l a n t i n g ,  Planting w a s  i n  August d u r i n  
a hreak i n  the rains, The s o i l  w a s  toc 
d r y  to have recommended commercial 



p l a n t i n g ,  S u r v i v a l  of  a n c l i p p e d  g r a n d i s  
and  r o b u s t a  s e e d l i n g s  was 70 and 57 per- 
c e n t ,  r e s p e c t i v e l y ;  s u r v i v a l  of  c l i p p e d  
g r a n d i s  and robus  ta  was s u b s  t a n t i a l l y  
less - -41  and  27 p e r c e n t ,  r e s p e c t i v e l y ,  
S e e d l i n g s  c l i p p e d  a few weeks i n  advance  
o f  p u l l i n g  migh t  s u r v i v e  p l a n t i n g  w e l l ,  
b e c a u s e  t h e y  w i l l  have  had t i m e  t o  re- 
c o v e r  from the shock o f  c l i p p i n g ,  C l i p -  
p i n g  is n o t  e x p e c t e d  t o  i n c r e a s e  d o u b l e  
l e a d e r i n g  o r  s t e m  ma l fo rma t ion  (Horne 
1 9 7 9 ) .  

Af t e rmplan t ing  C a r e  

E u c a l y p t u s  p l a n t a t i o n s  r e c e i v e  
a f t e r - p l a n t i n g  weed c o n t r o l  i n  most 
p a r t s  of  t h e  wor ld  (FAO of t h e  UN 1981 f ,  
Weeds are u s u a l l y  c o n t r o l l e d  by c r o s s -  
d i s k i n g  w i t h  t r a c t o r  and har row,  t h e n  
t e n d i n g  by hand a round  b o l e s  o f  t r e e s ,  
The s i t e  is k e p t  c l e a n  of weeds u n t i l  
c rowns  shade  o u t  c o m p e t i t i o n ,  u s u a l l y  i n  
t h e  second  year a f  ter p l a n t i n g .  

F l o r i d a  and New South  Wales, Aus- 
t r a l i a ,  are e x c e p t i o n s  t o  a f  t e r - p l a n t i n g  
weed c o n t r o l ,  In New South  Wales, t h e  
i n i t i a l  s i t e  p r e p a r a t i o n  t r e a t m e n t  is  
s u f f i c i e n t  t o  p r e v e n t  c o m p e t i t i o n  
( C l a r k e  1975) , I n  F l o r i d a ,  it of t e n  is 
n o t ,  However, i n  F l o r i d a ,  c r o s s - d i s k i n g  

of bedded a r e a s  is  i m p o s s i b l e ;  d i s k i n ?  
t h e  areas between beds  is of l i t t l e  
h e l p ,  and hand weeding is  t o o  expensir  
Weed c o n t r o l  a f t e r  p l a n t i n g  on bedded 
s i tes  awaits a n  e f f e c t i v e  s y s t e m  of ay 
p l y i n g  h e r b i c i d e s ,  

I n  F l o r i d a ,  i f  h i g h  beds  a r e  made 
i n  d r y  wea the r  and p l a n t i n g  s tarts  i n  
t h e  e a r l y  r a i n s ,  broad-crowned e u c a l y ~  
l i k e  g r a n d i s  and r o b u s t a  d e v e l o p  wide 
enough crowns by 3 months a f t e r  p l a n t i  
t o  shade  o u t  weeds on b e d s ,  Rapid sht 
i n g  o c c u r s  o n l y  on beds  t h a t  remain fl 
o f  weeds d u r i n g  t h o s e  months,  Unfor t t  
n a t e l y ,  beds a r e  n o t  a lways  weed f r e e  
f o r  months; sometimes weeds d e v e l o p  or 
them b e f o r e  p l a n t i n g .  Rapid i n v a s i o n  
beds  by weeds is most s e r i o u s  on o l d -  
f i e l d  sites and on wet  s o i l s ,  where 
s t a n d i n g  w a t e r  a l l o w s  s e e d s  on t h e  sur 
f a c e  of beds  t o  g e r m i n a t e  and g r a s s e s  
c r e e p  o v e r  t h e  beds .  

Weed c o m p e t i t i o n  is p a r t i c u l a r l y  
s e r i o u s  w i t h  the narrow-crowned camal-  
d u l e n s i s ,  t e r e t i c o r n i s ,  and v i m i n a l i s ,  
Even though t h e s e  s p e c i e s  may grow 
r a p i d l y  i n  h e i g h t  d f t e r  p l a n t i n g ,  t h e j  
take much l o n g e r  t h a n  g r a n d i s  and ro -  
b u s t a  to d e v e l o p  crowns t h a t  c a n  shade 
o u t  c ~ m p e t i  t i o n ,  Young p l a n t a t i o n s  of 

Grandis 5 months after planting on bedded and 
pdsosphated palmetto prairie. 

Grandis pplankation 4 years after pplanlhlg on a bedded 
palmetto prairie site, This stage of sfand development 
.might be the t h e  to ferlibize with nitrogen. 



t h e s e  s p e c i e s  o f t e n  become choked w i t h  
weeds, which a p p e a r  t o  r e t a r d  growth ,  
~ a r k a k l e  s o l u t i o n s  are needed b a d l y ,  An 
o p e r a t i o n a l  sys t em f o r  h e r b i c i d e  t reat-  
ment has n o t  y e t  been  developed, hut i t  
c o u l d  be h i g h l y  u s e f u l ,  

F e r t i l i z e r  a p p l i c a t i o n  a f t e r  p l a n t -  
i n g  m y  p rove  p r a c t i c a l ,  I n  t h e  o n l y  
major s tudy  i n  F l o r i d a ,  U n i v e r s i t y  of 
F l o r i d a  s c i e n t i s t s  i n  c o o p e r a t i o n  w i t h  
t h e  F o r e s t  S e r v i c e  and i t s  c o o p e r a t o r s  
applied i s o b u t y l i d e n e  d i u r e a  ( I B D U )  and 
ammonium n i t r a t e  a t  r a t e s  o f  0, 100, 200 
kg N per ha ( 0 ,  89, and 178 Lh/acre) on 
a 3-year-old grandis p l a n t a t i o n  on p a l -  
metto p r a i r i e  t o  which GRP had been 
applied p r i o r  trs p l a n t i n g ,  The most ef- 
f ect ive t r e a t m e n t ,  ammonium n i t r a t e  a t  
200 kg  N per ha ( 1  79 Ib,/acre), i n c r e a s e d  
h e i g h t  growth 69 p e r c e n t  and d i a m e t e r  
g r o w t h  76 Lmreent o v e r  c o n t r o l s  i n  t h e  
1 8  months  after t r e a t m e n t  (Barrss and 
P r i t c h e t t  1979), 

C o n t r o l  of weeds a f t e r  p l a n t i n g  and 
a p p l i c a t i o n  s f  n u t r i e n t s  i n  a d d i t i o n  t o  
p h o s p h o r u s  p romise  s u b s t a n t i a l  i n c r e a s e s  
i n  p r o d u c t i o n  and  need to  be  researched, 

Weed c o n t r o l  a f t e r  p l a n t i n g  p ~ o n i s e s  
b e  the s i n g l e  most e f f e c t i v e  t r e a t m e  
it may be a s u b s t i t u t e  f o r  normal  l e  
o f  f e r t i l i z a t i o n  (Schsnau and o t h e r s  
1981 ) , Withou t  good weed c o n t r o l ,  e 
c e s s i v e  q u a n t i t i e s  of f e r t i l i z e r  are 
needed t o  s t i m u l a t e  growth of eucaly 
(Meskimen 1970; Schonau and o t h e r s  
1981 1, 

G r o w t h  and Yields 

Annual growth of e u c a l y p t s  i n  F 
i d a  h a s  been observed on a v a r i e t y  o 
sites, The p r o d u c t  y i e l d ,  however, 
s t i l l  a guess, because  most  p l a n t a t i c  
have  n o t  r eached  the  a n t i c i p a t e d  h a r l  
a g e  of 8 y e a r s  and most have s t o c k i n c  
w e l l  below that needed for  h i g h e s t  p~ 
d u e t i v i t y ,  Per formance  of a 1969 ro- 
b u s t a  and a 1992 g r a n d i s  p l a n t a t i o n  t 

p a l m e t t o  prair ie  i n  t h e  s o u t h e r n  zone 
may be i n d i c a t i v e ,  He igh t  growth  was 
i n i t l a L l y  r a p i d ,  b u t  it d e c r e a s e d  
s h a r p l y  a t  a b o u t  age  3 (fig. 5 ) .  S t a  
basal a r e a  i n c r e a s e d  th rough  a t  least  

AGE ( Y E A R S )  
Figure 5.-Mean height of tallest slem on each stool. 



age 10,  b u t  inc rement  i n  b a s a l  a r e a  n u a l  increment i n  volume peaks is  un- 

peaked i n  4 t o  6 y e a r s  ( f i g .  6 ) .  S tand  c e r t a i n ,  b u t  it probab ly  o c c u r s  w i t h i n  8 

volume a l s o  i n c r e a s e d  f o r  a t  l e a s t  10 y e a r s  ( f i g .  8) . P l a n t a t i o n s  then,  
y e a r s  ( f i g .  7 )  . The t i m e  when mean an- might  be expec ted  t o  be h a r v e s t e d  by age  

A G E  ( Y E A R S )  

Figure 6.-Stand basal area. 

Figure 7.-Stand volume of stern wood and bark lo a 5-cm top. 



AGE ( Y E A R S )  
Figure 8.-Mean annual increment of stand volume of stem wood and bark to a 5-cm top. 

8, a n d  a t  t h a t  age  w i l l  have produced 
pulpwood a t  a r a t e  of 16 m3 p e r  ha  per 
y r  (229 f t 3 / a c r e / y r  o r  2.5 c o r d s / a c r e /  
y r )  . These y i e l d s  a r e  low by world 
s t a n d a r d s  f o r  g r a n d i s  p l a n t a t i o n s ,  which 
a v e r a g e  pe rhaps  26 m3 p e r  ha p e r  y r  ( 3 7 2  
f t 3 / a c r e / y r )  and range from 14 t o  50 m3 
p e r  ha per y r  (200 t o  71 5 f t 3 / a c r e / y r )  
(FA0 of t h e  UN 1981 ) . However, y i e l d s  
of  g r a n d i s  i n  F l o r i d a  have reached 25 
rn3 p e r  ha p e r  y r  (372 f t 3 / a c r e / y r )  on 
p a l m e t t o  p r a i r i e  and 56 rn3 per ha p e r  y r  
(800 ft3/acre/yr) i n  under 3  y e a r s  a t  
ve ry  h i g h  p l a n t i n g  d e n s i t i e s  (Rockwood 
and o t h e r s ,  I n  P r e s s  ) . 

The y i e l d s  of camaldu lens i s  and 
t e r e t i c o r n i s  growing on r i d g e s  w i l l  be 
less t h a n  t h o s e  of  g r a n d i s  and r o b u s t a  
on p a l m e t t o  p r a i r i e  and acid f l a twoods .  
w e i g h t  y i e l d s  of g r a n d i s  s t a n d s  as pos- 
s i b l e  biomass f u e l s  have been ca lcu-  
l a t e d ,  and the s t a n d i n g  dry weight of a 
t y p i c a l  8-year-old pulpwood s t a n d  (whole 
trees w i t h o u t  l e a v e s )  is p r e d i c t e d  t o  be 
74 t per ha (29 t o n / a c r e )  . 

I n  c e n t r a l  and n o r t h e r n  F l o r i d a ,  
p l a n t i n g s  are t o o  s m a l l  t o  e s t i m a t e  
p o s s i b l e  y i e l d s .  Fur thermore ,  c u r r e n t  
performance may be f a r  less than that  t o  
b e  e x p e c t e d  from s t r a i n s  t h a t  are b e i n g  

-. ----  -- .  
flatwoods. The shallow beds ma& bv & aoriculfural 
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bedding harrow are barely visible. 



b red ,  I n  gene ra l ,  f r e e z i n g  problems i n  
c e n t r a l  F l o r i d a  probably w i l l  cause  
y i e l d s  to be somewhat lower than f o r  
s i m i l a r  s i t e s  i n  sou thern  F l o r i d a ,  I n  
no r the rn  F lo r i da ,  somewhat better s o i l s  
a r e  a v a i l a b l e  f o r  p l a n t i n g ,  and t h i s  
advantage may o f f s e t  l o s s e s  caused by 
t h e  c o l d e r  c l i m a t e ,  

mrvesting and Coppice mnding 

Euca lyp ts  i n  F lo r i da  w i l l  e i t h e r  be 
ha rve s t ed  mechanical ly  by s eve r ing  stems 

chance of eoppic ing ,  b u t  h igh stumps 
tend  t o  produce s h o o t s  t h a t  a r e  no t  
windfirm, A stump h e i g h t  of 10 t o  12  c 
( 4 to  5 i n )  is recommended (FA0 of the 
UN 1981) ,  A s l a n t e d  c u t  is recommended 
t o  f a c i l i t a t e  water  mnof  f . 

I n  much of the world, euca lyp tus  
stumps coppice p r o l i f  i e a l l y  , and i n  
s h o r t  r o t a t i o n  p l a n t a t i o n s  two t o  f ou r  
coppice  c rops  a r e  a n t i c i p a t e d  before  r e  
p l a n t i n g  is  necessa ry  ( F A 8  of tihe TJN 
1981; Poynton 19811, Dying of stumps 
fo l lowing  h a r v e s t ,  r a t h e r  f i a n  l o s s  of 
v igo r  of l i v i n g  stumps, is m e  u sua l  

A eucalypt bejng hanested with anvil shears. 

wi th  a n v i l  s h e a r s  o r  chain-saw heads on 
g r a p p l e - f e l l e r s ,  o r  by hand wi th  cha in  
saws, Xn e i t h e r  c a se ,  stump bark must 
be l e f t  i n t a c t ,  Anvi l  shea r s  must c u t  
s h a r p l y  so tBsat t h e  h r k  is n o t  t o r n  
from t h e  stump as t h e  bo le  is p u l l e d  
o f f ,  and the stumps should n o t  be s t r u c k  
by mechanical  equipment. Debris  should 
he kep t  off t he  stump, &cause it causes  
d e f o r m i t i e s  of coppice  shoots  as Ghey 
snake t h e i r  way *rough it, m o l e - - t r e e  
h a r v e s t i n g  is a way t o  avoid t h e  d e b r i s  
problem a s  w e 1  l as reduce E i r e  hazard,  
and it f a c i l i t a t e s  r e p l a n t i n g  of s t ands  
i n  which coppic ing  is inadequa te ,  
Whole-tree h a r v e s t i n g ,  however, may 
cause  n u t r i e n t  d r a i n  by taking away 
n u t r i e n t s  s t o r e d  i n  l eaves  and branches ,  

Stump h e i g h t  is a l s o  impor tan t ,  
The higher  t h e  stump, t h e  g r e a t e r  t he  

cause  of a need t o  r e p l a n t  a f t e r  the 
second o r  t h i r d  coppice  c rop  ( F A 8  of t 
UN 1981) ,  Eventua l ly  such m o r t a l i t y  
c ause s  the  s t and  t o  be understoeked. 

Bn F lo r i da ,  coppie ing  of g rand i s  
n o t  as r e l i a b l e ,  and the season of ha1 
v e s t  affects it (fig, 9), I n  summer, 
coppic ing  a b i l i t y  d rops  d r a s t i c a l l y  i~ 
grand i s ,  and t~ a lesser e x t e n t  i n  r o -  
b u s t a ,  In  the Republic of South A E r i i  
a mjsr growing a r e a  f o r  g rand is ,  95 
p e r c e n t  coppicinq succe s s  is expected,  
excep t  i n  t h e  dry  season when success  
somewhat l e s s  (S tubbings  and Schonau 
1980), Grandis coppices  r e l i a b l y  i n  st 
p a r t s  of B r a z i l  (Ayl ing and Martins 
1981 ) but  no t  i n  others (Canpinbos ant 
Ikemori 19801 , I n  i ts  n a t i v e  N e w  Sou. 
Wales, A u s t r a l i a ,  g r and i s  coppices  
poo r ly  t3lrough f a l l  and w in t e r ,  and 
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Figure 9.-Percentage of stu;z;.ps of 5 to &year-old grandis and robusta that coppieed after 
harvesting in different months on palmetto prairie in Glades County, Florida. 

a p p a r e n t l y  g r a n d i s  p l a n t a t i o n s  there 
c a n n o t  be managed by c o p p i c i n g  ( C l a r k e  
5 975; f i l l i s  and Brown 1978). 

C o p p i c i n g  a b i l i t y  was assumed and 
was n o t  a s e l e c t i o n  f a c t o r  i n  g e n e t i c  
improvement e f f o r t s  i n  F l o r i d a ,  A 
r e c e n t  progeny test r e v e a l e d  g e n e t i c  
v a r i a t i o n  i n  c o p p i c i n g  a b i l i t y ,  Trees  
t h a t  o r i g i n a t e d  from South  A f r i c a n  s e e d  
c o p p i c e d  w i t h  twice  t h e  f requency  of  
trees grown from A u s t r a l i a n  seed .  More- 
o v e r ,  t h e  s e e d l i n g s  used i n  t h e  e a r l i e s t  
p l a n t a t i o n s  of  g r a n d i s  came from trees 
w i t h  poor c o p p i c i n g  a b i l i t y ,  There is a 
t e n d e n c y  f o r  t h e  f a s t e s t  growing g r a n d i s  
trees to produce progeny w i t h  below- 
a v e r a g e  e o p p i c i n g  a b i l i t y ,  Coppis ing 
s u c c e s s  is g r e a t e r  i n  t r e e s  t h a t  a r e  hy- 
b r i d s  w i t h  r o b u s t a ,  camaldu lens i s ,  o r  
t r e t i c o u n i s ,  Coppic ing does  n o t  seem t o  
be  a problem w i t h  camaldu lens i s  o r  tere- 
t i c o r n i s ,  b u t  the e x p e r i e n c e  w i t h  t h e s e  
s p e c i e s  is i n s u f f i c i e n t  t o  be s u r e ,  

What is to be done a b o u t  *e prob- 
l e m  w i t h  g r a n d i s  copp ic ing?  Harves t ing  
o f  this s p e c i e s  cou ld  be r e s t r i c t e d  t o  

t h e  h e t t e r  months f o r  copp ic ing ,  b u t  
even then  t h e  s u c c e s s  r a t e  does n o t  
r e a c h  a d e s i r a b l e  95 p e r c e n t ,  Another 
approach is t o  h a r v e s t  d u r i n g  summer, 
t h e n  r e p l a n t ,  The new s e e d l i n g s  w i l l  1 
g e n e t i c a l l y  s u p e r i o r  t o  t h e  o l d  and wi: 
have better c o p p i c i n g  a b i l i t y .  And 
l a s t ,  l o c a l  technology is be ing  d e v e l -  
oped t h a t  w i l l  produce roo ted  c u t t i n g s  
and t i s s u e  c u l t u r e  p l a n t s  from h y b r i d s  
w i t h  s u p e r i o r  copp ic ing  a b i l i t y ,  a s  has 
happened i n  B r a z i l  (Campinhos 1980; 
Gampinhos and I k e n o r i  1980) , 

R e p l a n t i n g  shou ld  n o t  r e q u i r e  s i t r  
p r e p a r a t i o n  i f  p l a n t i n g  is done by hanc 
Immediately a f  ter h a r v e s t ,  beds are wee 
f r e e  and t end  t o  remain t h a t  way for 
some t i m e .  If  s e e d l i n g s ,  r o o t e d  c u t -  
t i n g s ,  o r  t i s s u e  c u l t u r e  p l a n t s  are har 
p l a n t e d ,  the stumps can be l e f t  i n  
p l a c e .  I E  r e p l a n t i n g  is delayed u n t i l  
s tumps that w i l l  copp ice  a r e  e v i d e n t ,  
p l a n t i n g  n e x t  t o  l i v i n g  stumps can be 
avo ided .  K i l l i n g  of t h e  o ld ,  l i v i n g  
stumps by bury ing  o r  wi th  h e r b i c i d e s  
might be done ( F A 0  of  t h e  IJN 1981 ), but 



may n o t  be  n e c e s s a r y ,  because  i n t e r -  
p l a n t i n g  i n  unders  tocked g r a n d i s  p l a n -  
t a t i o n s  immediate ly  f o l l o w i n g  h a r v e s t  
h a s  succeeded i n  South A f r i c a  ( W a t t l e  
Research I n s t i t u t e  1972), S i n c e  m o s t  
p l a n t a t i o n s  i n  F l o r i d a  are a l r e a d y  
unders  tocked by t h e  recommended s t a n d -  
a r d ,  r e p l a n t i n g  of  the l a r g e r  v o i d s  may 
b e  d e s i r a b l e ,  A test  of r e p l a n t i n g  h a s  
been s u c c e s s f u l  i n  F l o r i d a  ( t a b l e  6)  , 
The a d d i t i o n  of 15 g (0.5 oz) o f  Osmo- 
c o t e  c o n t r o l l e d - r e l e a s e  f e r t i l i z e r  i n  a 

e x p e c t e d  l a r g e r  number of stems on a 
s t o o l  might be d e s i r a b l e ,  as it w i l l  
t e n d  t o  c o u n t e r  t h e  problem of under 
s t o c k i n g ,  I n  an  exper iment  i n  Moroc~ 
t h e  t o t a l  and s a l a b l e  volume of 6-ye, 
o l d  g r a n d i s  copp ice  was g r e a t e r  i n  u; 
t h i n n e d  copp ice  t h a n  i n  th inned  copp. 
(Knockaer t  1979) .  

When crowns w i t h  r i p e  s e e d s  are 
l e f t  on the ground, some s e e d l i n g s  w: 
a p p e a r  a l o n g  w i t h  copp ice  regenera t i c  
A t  the wide s p a c i n g s  i n  some F l o r i d a  

Young coppice of robusta. 

h o l e  n e x t  t o  t h e  new p l a n t  p robab ly  w i l l  
be  b e n e f i c i a l ,  

Stumps t h a t  copp ice  u s u a l l y  produce 
many s h o o t s ,  Everywhere i n  t h e  world 
where e u c a l y p t s  a r e  managed on copp ice  
r o t a t i o n s ,  e x c e p t  i n  F l o r i d a ,  t h e s e  
s h o o t s  are reduced t o  t h r e e  o r  less 
s h o o t s  a s t o o l  (FA0 of t h e  UN 1981; 
Poynton 1981 ) , The number of s h o o t s  
l e f t  on t h e  s t o o l  depends on t h e  p r o d u c t  
d e s i r e d ,  s i t e  q u a l i t y ,  and s t o o l  
d e n s i t y ,  

I n  F l o r i d a ,  hand tLrinning s h o o t s  is 
t h o u g h t  t o  be t o o  expens ive ,  and no 
mechanical  sys tem h a s  been dev i sed .  The 
few h a r v e s t e d  p l o t s  are s t i l l  t o o  young 
t o  s a y  p r e c i s e l y  what t h e  r e s u l t  of no 
t h i n n i n g  w i l l  be, But it appears  t h a t  2 
t o  4 stems per s t o o l  w i l l  dominate,  and Grandis cornice 6 vears after felfina of ~lantation " I 

t h e  remainder w i l l  be shaded o u t ,  The Coppice shoots were not thinned. 



p l a n t a t i o n s ,  n a t u r a l  s e e d l i n g  regener-  
a t i o n  can  be dense and t h e  s e e d l i n g s  
w i l l  grow i n t o  trees, These t r e e s  w i l l  
be of lower g e n e t i c  q u a l i t y  than  nu r se ry  
s e e d l i n g s ,  and t hey  may o b s t r u c t  row 
h a r v e s t i n g  and p l a n t a t i o n  acce s s ,  b u t  
t hey  are free. Na tu r a l  s e e d l i n g  re- 
g e n e r a t i o n  cannot  be p r e d i c t e d ,  s o  
r e p l a n t i n g  should n o t  be delayed i n  
a n t i c i p a t i o n  of it. Seed l ings  p l an t ed  
on beds suppress  most n a t u r a l  s e e d l i n g s ,  
and whole - t ree  h a r v e s t i n g  e l i m i n a t e s  t he  
s eed  s o u r c e  and t h e  problem. 

Prstec t i o n  

A f t e r  p l a n t i n g ,  s e e d l i n g s  need pro- 
t e c t i o n  from c a t t l e .  C a t t l e  o r d i n a r i l y  
do  n o t  e a t  s e e d l i n g s ,  b u t  they  p u l l  them 
o u t  o f  t h e  ground, break o f f  t h e i r  t ops ,  
and t r a m p l e  them. However, ca t t le  d i d  
browse a f a l l - w i n t e r  p l a n t i n g  of gran- 
d i s ,  where t h e  g r and i s  s e e d l i n g s  were 
t h e  o n l y  green vege t a t i on  i n  s i g h t ,  I t  
i s  tempt ing  t o  a l l ow  c a t t l e  t o  g raze  i n  
p l a n t a t i o n s  i n  t h e  f i r s t  year  o r  two, 
The grows of g r a s s e s  s t imu la t ed  by GRP 
a p p l i c a t i o n  makes good fo r age  (Moore and 
Swindel  1981 ) , and g r az ing  reduces  t he  
f i r e  haza rd .  But the damage c a t t l e  can 
do a p p e a r s  t o  outweigh t he  advantages .  
Once t r e e s  a r e  4 m (13  f t )  tall and 4 c m  
(1 .5  i n )  d,b.h., l i g h t  g r az ing  may be 
a l lowed  t o  reduce f i r e  hazard and u t i -  
l i z e  the r e s i d u a l  vege t a t i on .  Once 
trees a r e  l a r g e  enough t o  resist c a t t l e  
damage, however, t h e  c a t t l e  become d i f  - 
f i c u l t  to f i n d  and remove a t  roundup 
t i m e .  

A l a r g e  d e e r  popu l a t i on  can seri- 
o u s l y  damage a  euca lyp tu s  p l a n t a t i o n ,  
Browsed trees e v e n t u a l l y  g e t  ahead of 
t h e  d e e r ,  b u t  t h e  r e s u l t i n g  s t a n d  has an 
uneven s t r u c t u r e  and t h e  stems a r e  o f t e n  
bad ly  f o r k e d ,  It may be imposs ib le  t o  
g e t  a s a t i s f a c t o r y  s t and  of euca lyp t s  
where d e e r  browsing is heavy, 

P l a n t a t i o n s  must be p r o t e c t e d  from 
i n t e n s e  f i r e s ,  which cause subs  t a n t i a l  
damage. In  their n a t i v e  h a b i t a t s ,  some 
e u c a l y p t s  a r e  p a r t  of a  f i r e  ecosystem, 
and expe r i ence  wi th  w i l d f i r e s  and exper-  
imen t a l  burns  sugges t s  t h a t  l i g h t  f i r e s  
w i l l  n o t  cause s e r i o u s  damage, Pre- 
s c r i b e d  burn ing  might be u s e f u l ,  b u t  

euca lyp tu s  p l a n t a t i o n s  i n  F lo r i da .  
Clean weeding i n  t h e  f i r s t  year  of pl 
t a t i o n  growth is a  good means of f i r e  
p r o t e c t i o n ,  

I n s e c t s  have r a r e l y  been a  p rob l  
Cone-headed grasshoppers  ( fami ly  Te t t  
gon i idae ,  subfamily  Copiphorinae) de-  
s t r o y e d  one exper imenta l  p l a n t i n g  o f  
g r and i s  t h e  summer it was p l an t ed ,  1 
t r e e s  were expected t o  r e sp rou t ,  b u t  
t hey  d i d  n o t ,  No o t h e r  examples of 
s e r i o u s  m o r t a l i t y  from grasshoppers  a 
known, A l e a f  - e a t i ng  b e e t l e ,  Maecol- 
a s p i s  favosa (Say) ,  has  s e r i o u s l y  dan 
aged a  number of s eed l i ngs  and coppic  
shoo t s  on a  few occasions .  

Diseases a r e  a  nagging, bu t  ap- 
p a r e n t l y  no t  s e r i o u s ,  problem, Basal 
stem cankers  on g r and i s  caused by Cry 
h o n e c t r i a  cubens is (Bruner ) Hodges, c 
nov. (= Diaporthe cubensis  Bruner ) ar 
common (Barnard and Engl ish  1980) ,  C 

k e r s  do no t  k i l l  trees, b u t  might ret 
growth of some trees. The canker fun 
might be a  cause of coppice f a i l u r e  f  
summer f e l l i ng - - t he  fungus t h r i v e s  i n  
h o t ,  w e t  weather,  

l i t t l e  is known about  f i r e  e f f e c t s  on A basal canker on a grandis tree. 



The fungus Cl i tocybe tabescens 
( F r , )  B r e s ,  has  been a s s o c i a t e d  wi th  
sudden dea th  of smal l  patches  of euca- 
l y p t s  i n  the southern  zone. The major 
cause  of pa tches  of dead trees, however, 
i s  l i g h t n i n g ,  Over an 8,5-year r o t a t i o n  
on a 67-ha ( 1  65 a c r e )  p l a n t a t i o n  i n  the 
southern  zone, 2.5 p e r c e n t  of permanent 
sample trees were k i l l e d  by l i g h t n i n g  
and another  4,4 p e r c e n t  w e r e  i n j u r e d ,  
Many seed orchard t r e e s  a r e  l o s t  t o  
l i g h t n i n g ,  

I n  l a t e  w in t e r  and e a r l y  s p r i n g  i n  
t h e  sou thern  zone, twigs on roads ide  
t r e e s  o f t e n  d i e  back, Seed trees of 
Spanish camaldulensis  f r equen t ly  l o s e  
t h e i r  seed c rop  t o  twig dieback,  A 

fungus is suspec ted ,  
No hu r r i cane  has s t r u c k  t he  com- 

merc i a l  p l a n t a t i o n s ,  b u t  i f  one d i d ,  
heavy breakage, windthrow, and l ean  
would probably occur ,  

A cond i t i on  c a l l e d  robus ta  breakup 
is found i n  a number of p l a n t a t i o n s ,  
Tops tend t o  break ou t  and trees s t a r t  
l e an ing ,  $he cause is unknown, Top 
breakage may be due t o  decay a t  s i t e s  of 

Robus fa breakup disease. 

f r e e z e  damage, and l ean ing  m y  be a pk 
s i o l o g i c a l  response.  The problem does 
n o t  e x i s t  with o t h e r  s p e c i e s ,  

Utilization 

The p r o p e r t i e s  of t he  slow-grown, 
mature wood of n a t u r a l  euca lyp tus  s tan  
d i f  f e z  from those  of t h e  j uven i l e  wood 
of  fast-grown p l a n t a t i o n  trees, Only 
u t i l i z a t i o n  of f a s  t-grown, s h o r t -  
r o t a t i o n  trees is d iscussed  he re ,  

P r o p e r t i e s  of euca lyp t s  d i f f e r  s u  
s t a n t i a l l y  by s p e c i e s ,  Even wi th in  s~ 
c i e s ,  t h e r e  a r e  g r e a t  d i f f e r e n c e s  i n  
wood c h a r a c t e r i s t i c s ,  For example, t h  
c e l l u l o s e  con t en t  of 260 s e l e c t e d  glok 
l u s  t r e e s  i n  Por tuga l  va r i ed  from 36 t 
57 pe rcen t ;  t h e  wood d e n s i t y  of those 
s e l e c t e d  trees had a wider range than 
t h a t  of p ine ,  spruce ,  o r  b i r ch  pulpwoo 
( H i l l i s  and Brown 1978),  Oppor tun i t i e  
t o  a l t e r  t he  wood p r o p e r t i e s  of euca- 
l y p t s  by breeding,   eref fore, appear t 
be s u b s t a n t i a l ,  Wood p r o p e r t i e s  a r e  
a l s o  a f f e c t e d  by environment, For 
example, t he  format ion of k ino ,  a phen 
l i e  exudate  t h a t  degrades  pulping qua1 
i t y ,  can be induced by f r e e z e s ,  wind, 
and growth t en s ion  shakes  ( H i l l i s  and 
Brown 19781, 

A t  p r e sen t ,  the most important  u t  
l i z a t i o n  c h a r a c t e r i s t i c  i n  F lo r ida  is 
s u i t a b i l i t y  for pu lp  and paper ,  In  
gene ra l ,  t he  euca lyp t s  grown i n  the 
w o r l d s s  i n d u s t r i a l  p l a n t a t i o n s  produce 
g o o d q u a l i t y  short-fiber pu lp  from a 
v a r i e t y  sf  pulping processes  (FA0 of t 
UN 1981 ; a l l i s  and Brown 1978), Euca 
Iyp tu s  wood can a l s o  be used to make 
dissolving pulp for  viscose and aeetat 
films and f i l a m e n t s  ( F A 0  of the UN 
4 981 j . Those eucalypts -that are s u i t -  
able for industrial p l a n t a t i o n s  in F%o 
i da  and have been tested for  pd lp ing  
q u a l i t y  are as goad as n a t i v e  hardwood 
furnish, i f  no t  better ( F r a n k l i n  1977; 
Bunt and Zobel 19781, Tere t i co rn i s ,  
however, i s  good f u r n i s h  only  for the 
n e u t r a l  s u l f i t e  semichemical process, 

Eucalyptus wood is difficult to u 
for lumber "cause sf growth stresses, 
shr inkage  in d r y i n g ,  collapse, sp i r a l  
grain, and proneness o f  sapwood to 
at tack by post-hole borers (FA0 sf the 
UN 1981 ; &Hillis and Brown 19781, Pro- 



d u c t i o n  of sawed wood from small-diame- 
ter e u c a l y p t u s  logs  is u n l i k e l y  where 
better q u a l i t y  t imbers  a r e  a v a i l a b l e  
( H i l l i s  and Brown 1978) . Qual i ty  prod- 
u c t s  such  as f u r n i t u r e  and laminated 
beams can  be made, however, from f a s t -  
grown e u c a l y p t s  ( H i l l i s  and Brown 1978).  

The use of euca lyp t s  f a r  veneers 
and  plywood is s t i l l  n o t  on a l a r g e  
s c a l e ,  b u t  plantation-grown euca lyp t s  
are used  f o r  s l i c e d  deco ra t i ve  veneer,  
and  p l a n t a t i o n  logs  of g r and i s  can be 
p e e l e d  f o r  plywood because g r and i s  wood 
d ~ e s  n o t  c o l l a p s e  l i k e  t h a t  of many of 
t h e  o t h e r  euca lyp t s  (FA0 of the UN 
1981 ) . Eucalypts can be made i n t o  good 
hardboard  and p a r t i c l e b o a r d  ( H i l l i s  and 
Brown 1978) ,  Eucalypts  a r e  used exten-  
s i v e l y  f o r  mine t imbers ,  r a i l r o a d  c ro s s -  
t i e s ,  s m e l t e r  po l e s ,  fencepos ts , and 
u t i l i t y  po les  (FA0 of t h e  1SF;I 1981 ; 
H i l l i s  and Brown 1978) .  Tke sapwood 
a c c e p t s  p r e se rva t i on  t r ea tmen t s ,  b u t  
c a r e  must k taken t o  reduce end s p l i t -  
t i n g  d u r i n g  d ry ing  (FA0 of the UEJ 1981; 
H i f i i s  and Brown 1978) .  

Thinning t o  maximize diameter  
growth and ex tending  r o t a t i o n s  of euca- 
l y p t u s  p l a n t a t i o n s  to 45 t o  25  yea r s  i m -  
p roves  w o d  q u a l i t y  f o r  lumber, veneer ,  
and  u t i l i t y  po les  (Watt le  Research In- 
s t i t u t e  1972),  and might be an op t ion  
f o r  F l o r i d a  growers,  

The euca lyp t s  a r e  good firewoods 
and a r e  used t o  make charcoa l ,  i nc lud ing  
m e t a l l u r g i c a l  cha rcoa l  i n  s e v e r a l  coun- 
t r i e s  (Ayl ing and Martins 1981; FA0 of 
t h e  UN 1981 ) , Florida-grown g rand i s  is 
e a s i l y  whole-tree chipped f o r  f u e l  use,  
and t h e s e  ch ip s  a r e  h igh ly  s u i t a b l e  f o r  
p y r o l y t i c  f u e l  systems (Purdy and o t h e r s  
1978) . A good-qual i ty  a c t i v a t e d  carbon 
c a n  be mde from Florida-grown g rand i s  
(Smith 1979) ,  

Euca lyp tus  honey can be of good 
q u a l i t y  (FA0 of t h e  UN 1981 ) , Garnaldu- 
l e n s i s ,  t e r e t i c o r n i s ,  and virninal is  a r e  
good honey t r e e s  and a r e  s u i t a b l e  f o r  
p l a n t a t i o n s  i n  F l o r i d a ,  T e r e t i c o r n i s  
h a s  sometimes been p l an t ed  i n  c e n t r a l  
F l o r i d a  a s  a  w in t e r  f lower  crop t o  m i n -  
t a i n  h i v e s .  There is danger that t h e  
f lower  c r o p  can be l o s t  t o  a  f r e e z e ,  
however, 

Nea r ly  a l l  s p e c i e s  of euca lyp t s  
have o i  1-producing glands i n  t h e i r  
l e aves  tha t  g ive  t h e  %eaves t h e i r  char-  

a c t e r i s t i c  odor (FA0 of t h e  UN 1 9 8 1 ) ,  
These e s s e n t i a l  o i l s  a r e  u s e f u l  i n  
maceut ica l s ,  so lven t s ,  f l o a t i n g  a g e n t  
and perfumes, Fewer than 20 s p e c i e s  
produce o i l s  i n  s u f f i c i e n t  q u a n t i t y  f 
commercial product ion ( N i l l i s  and Earo 
1978).  ~ a c a r t h u r i i  has  a  good y i e l d  
g e n a r i o l  and eudesmol for use i n  per- 
fumes (FA0 of t he  1981 ), and t h i s  
s p e c i e s  is widely adaptab le  i n  F l o r i d  
The premier e s s e n t i a l  o i l  p roducers  i 
t h e  world market--globulus, r a d i a t a ,  
and d ives  --have n o t  shown a d a p t a b i l i  t 
i n  F l o r i d a ,  

The j uven i l e  f o l i a g e  of young eu  
l y p t s  is d i f f e r e n t  from the  l e a v e s  of 
o l d e r  trees, Coppice and ep icormic  
s p r o u t s  u s u a l l y  have j uven i l e  f o l i a g e  
which f o r  some s p e c i e s  has s u i t a b l e  
shape and c o l o r  f o r  f l o r a l  arrangemen 
Unfortunately ,  t h e  b e s t  spec i e s  f o r  t 
produc t ion  of ornamental  f o l i a g e ,  s u c  
a s  pu lve ru l en t a ,  which is used i n  C a l  
f o r n i a ,  a r e  no t  w e l l  adapted t o  F l o r i ,  
However, neglects, nova-anglica,  c i n -  
e r e a ,  and p r h a p s  a  few o t h e r  s p e c i e s  
t h a t  a r e  adapted t o  F lo r ida  might ke 
good subs ti t u t e s  , 

Prospects aard Problems of the mlure 

Over the s h o r t  t e r m ,  p l a n t i n g  of  
euca lyp t s  i n  F lo r ida  w i l l  depend on tl 
i n t e r e s t  of pu lp  manufacturers i n  
e s t a b l i s h i n g  c a p t i v e  supp l i e s  of hard.  
wood f i b e r  on a c c e s s i b l e  s i t e s ,  on & h e  
need f o r  close-by s u p p l i e s  of b o i l e r  
f u e l ,  and on t h e  stumpage p r i c e  f o r  
hardwood pulpwood, The c u r r e n t  stump; 
p r i c e  i n  sou thern  F lo r ida  is  r e ' l a t i ve :  
low because the n e a r e s t  pulpmil% is i r  
no r the rn  F l o r i d a ,  I t  is  un fo r tuna t e  
t h a t  t he  f a r t h e r  t he  d i s t a n c e  from pul 
m i l l s  i n  F lo r ida ,  the more advanced i s  
t h e  technology f o r  es t a b l i s b i n g  s h o r t -  
r o t a t i o n ,  h igh-y ie ld ing  p l a n t a t i o n s ,  
There is a world market f o r  eucalyptus  
pulpwood ch ip s ,  bu t  the p r e s e n t  volume 
of  euca lyp tus  wood i n  southern F lor ida  
i s  i n s u f f i c i e n t  t o  e n t e r  t he  market,  

Over a  longer  term, the cons t ruc-  
t i o n  of wood-burning b o i l e r s  by indus-  
tries could have a g r e a t  impact,  
Southern F lo r ida ,  i n  p a r t i c u l a r ,  has  a 
e x c e l l e n t  p t e n t i a l  f o r  fuelwood p lan-  
t a t i o n s ,  once b o i l e r s  that can use tha 



f u e l  are i n s t a l l e d .  Coal must be hauled 
a n  even g r e a t e r  d i s t a n c e  t o  g e t  t o  
s o u t h e r n  F l o r i d a  than  t h e  d i s t a n c e  t r a v -  
e l e d  by sou the rn  F l o r i d a  pulpwood t o  
n o r t h e r n  F l o r i d a ,  Thus, wood might be 
p r i c e d  compe t i t i ve ly  wi th  c o a l  i n  t h e  
sw i t ch  away from o i l - f i r e d  b o i l e r s ,  
A g r i c u l t u r a l  i n d u s t r i e s ,  wi th  t h e i r  v a s t  
l andhold ings  i n  sou the rn  F l o r i d a ,  cou ld  
e s t a b l i s h  euca lyp tu s  f uelwood p l a n t a -  
t i o n s  c l o s e  t o  t h e i r  p roce s s ing  p l a n t s .  

The technology f o r  ob t a in ing  h igh  
y i e l d s  from euca lyp tu s  p l a n t a t i o n s  can 
be  improved g r e a t l y ,  This  technology 
i s  j u s t  being born i n  nor thern  F l o r i d a  
and ha s  y e t  t o  walk i n  c e n t r a l  F l o r i d a ,  
I n  no r the rn  F l o r i d a ,  success  rests wi th  
b reed ing ,  The germplasm of t h e  few 
t r e e s  wi th  good growth, form, and 
r e s i s t a n c e  t o  f r e e z i n g  must be mul t i -  
p l i e d ,  perhaps  through propaga t ion  of 
r oo t ed  c u t t i n g s  a s  i n  B r a z i l  and t h e  
Peop l e ' s  Republic of t h e  Congo (Hartney 
1980), o r  by t i s s u e  c u l t u r e ,  Rooted 

c u t t i n g s  a r e  a l r e a d y  be ing  produced a t  
t h e  FDF nu r se ry  from s u p e r i o r  trees by 
F o r e s t  Se rv i ce  developed a d a p t a t i o n s  of 
B r a z i l i a n  methods of r o o t i n g  c u t t i n g s ,  
and a p r i v a t e  r e s ea r ch  l a b o r a t o r y  i n  
F l o r i d a  ha s  succeeded i n  producing tis- 
s u e  c u l t u r e  c l ones  of s u p e r i o r  eucalyp- 
t u s  t r e e s  i n  F lo r i da  and is t e s t  mar- 
k e t i n g  c l o n a l  p l a n t s ,  Only t h e  p r e s e n t  
h igh  c o s t s  of c l o n a l  p l a n t s  is ho ld ing  
back s u b s t a n t i a l  ga in s  i n  a d a p t a b i l i t y  
and p r o d u c t i v i t y  of euca lyp t s  i n  
F l o r i d a ,  S e l e c t e d  c lones  could so lve  
t h e  problem of undependable coppic ing  oJ 
g r a n d i s  i n  sou thern  F lo r i da .  Clones 
t h a t  would e x p l o i t  c l e a n  weeding and 
complete f e r t i l i z a t i o n  cou ld  make such 
t r e a tmen t s  p r o f i t a b l e .  Hybridiz ing 
through c o n t r o l l e d  p o l l i n a t i o n  and othei 
i n t e n s i v e  b reed ing  techn iques  has  y e t  t( 
be  t r i e d  i n  F lo r i da ,  b u t  it o f f e r s  op- 
p o r t u n i  t i e s  f o r  developing unique 
s t r a i n s  f o r  optimum performance i n  
F l o r i d a ,  

Tissue culture plants produced from 
epicormic shoots sf a select Spanish 
carnafdulensis, (Photo couHesy of 
Clonal Resources, Inc., Lakefan& 
Florida,) 
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S c i e n t i f i c  Nomenclature of a c a l y p t u s  
Species  Mntioned i n  the Text 

Eucalyptus camu_Z,dulem .is Whnh , var , camulduZens is 
cam@ora R, T. Bake 
cinerea F, MueXl, ex &nth,  
dalrympleana Maid, subsp, dal yrmpleafla 
d i v s  Scbau. 
g l o b a l u s  Ltibi l l  . subsp, globezlus 
g r a n d k  H i l l  ex Maid. 
macarlhurii Deane & Maid, 
macuPata Hook 
n ~ l e c t a  Maid, 
nova-anglica Beane & mid, 
paniculata Sm, 
pulveruLenta Sims 
radiaea Sub, ex D.C. 
sobusla Sm, 
rubida  Deane & mid, 
s a l i g n a  Sn, 
t eret icornk Srn . 
u r o @ y l l a  S ,  T, Blake 
vimiraal is m b i  ll , 

Text Mme 

Camaldulensis 
Camhora 
Ginerea 
Balrympleana 
Dives 
GlobuSus 
Grandis 
Macarthurii  
Maculata 
Neglecta 
Nova-anglica 
PanicuLa ta 
mlveruhenta  
Radiata 
Robus ta 
Rubida 
Sal igna 
%re t i corn is  
UrophylZa 
Viminalis 

4~rsar Gk f gpenda l s ( t976), 
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