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Resu l t s  t o  da t e :  

Three p l a n t i n g s  have been e s t a b l i s h e d  s u c c e s s f u l l y  t o  s c reen  candida te  
spec i e s  on v a r i o u s  s i t e s  and t o  t e s t  t h e  e f f e c t s  of weed c o n t r o l ,  f e r t i l i -  
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growing season. A two a c r e  p l a n t a t i o n  has been e s t a b l i s h e d  t o  t e s t  
development of geographic seed source  m a t e r i a l  f o r  sycamore. A nursery  
i s  gn ope ra t ion  t o  develop seed l ing  product ion methods f o r  new spec i e s  
and t o  grow and main ta in  g e n e t i c  m a t e r i a l .  Mass c loning  of s e l e c t e d  
m a t e r i a l  by t i s s u e  c u l t u r e  techniques has produced m a t e r i a l  f o r  t e s t i n g  
i n . o u t p l a n t i n g s .  
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ABSTRACT 

Two biomass p l a n t a t i o n s  have been e s t a b l i s h e d  i n  Georgia,  one i n  

t h e  Coas ta l  P l a i n  ( T a t t n a l l  Co.) and one i n  t h e  Piedmont (Putnam Co.). 

Half of each p l a n t a t i o n  has gone through t h r e e  and t h e  o t h e r  ha l f  through 

two growing seasons.  Sycamore (P la tanus  o c c i d e n t a l i s )  and Sweetgum 

(Liquidambar s t y r a c i f l u a )  a r e  t h e  main s p e c i e s  under t e s t ,  e i t h e r  i n  

pure p l o t s  o r  i n  admixture w i t h  Black a l d e r  (Alnus g l u t i n o s a )  and Black 

l o c u s t  (Robinia Pseudoacacia).  The b e s t  growth has  been made by b l ack  

l o c u s t  i n  t h e  Piedmont where i t  averaged over 4 m i n  he igh t  a t  two yea r s  

of age  i n  both i r r i g a t e d  and non- i r r iga ted  p l o t s .  Sycamore averaged 2.8 m 

i n  he igh t  i n  comparable p l o t s .  Growth of a l l  s p e c i e s  i n  t h e  Coas t a l  P l a i n  

was l e s s  than  t h a t  i n  t h e  Piedmont due t o  s o i l s  and t o  heavy weed compe- 

t i t  ion  t h e  f i r s t  year .  

There i s  some evidence t h a t  spec i e s  grown i n  admixture grow s i g n i f i -  

c a n t l y  d i f f e r e n t l y  from the  same spec i e s  i n  a  pure s tand .  Alder s u r v i v a l  

is  d i sappo in t ing ly  low. 

A 10-acre p l a n t i n g  on t h e  Savannah River  P r o j e c t  near  Aiken, South 

Carol ina w a s  e s t a b l i s h e d  i n  Jan.-Feb. 1980 t o  t e s t  t h e  e f f e c t i v e n e s s  of 

a  f e r t i l i z e r  a p p l i c a t i o n  i n  t h e  bottom of t h e  s l i t  made by t h e  mechanical 

t r e e  p l a n t e r  a t  t ime of p l an t ing .  A s  o f - t h i s  r e p o r t  (Aug. 1980) t h e r e  i s  

no evidence of f e r t i l i z e r  i n j u r y  t o  any of t h e  f i v e  spec i e s  being screened. 

A two a c r e  p l o t  near  t h e  10-acre p l an t ing  mentioned above and a  

sma l l e r  p l o t  i n  Putnam Co., Ga. have bccn e s t a b l i s h e d  t o  t e s t  t h e  pe r -  

formance of geographic seed sources  of sycamore and sweetgum. The sweet- 

gum seed l ings  came from 27 s t a n d s  e a s t  of t h e  Miss i s s ipp i .  The sycamore 

s e l e c t i o n s  came from Georgia and ad jacen t  s t a t e s .  During t h e  two year  

1978-79 per iod  sycamore seed was c o l l e c t e d  from 243 ha l f - s ib  f a m i l i e s  i n  

82 s tands .  



The t i s s u e  ' c u l t u r e . s t u d i e s  involve  t h e  growing of c e l l  m a t e r i a l  

i n  s t e r i l e  c u l t u r e  wi th  va ry ing  hormonal and n u t r i e n t  concent ra t ion .  

Over 50,000 c u l t u r e s  were e s t a b l i s h e d  and maintained over a 12 month 

per iod .  . Complete p l a n t l e t s  have been der ived  from hypocotyl  s e c t i o n s  

from sweetgum. A t r i a l  wi th  2683 s e c t i o n s  produced 261 t h a t  developed 

shoots  on shoot  growth medium. These shoo t s  could be  t r a c e d  t o  87 

d i f f e r e n t  seedl ings .  It appears  p o s s i b l e  t o  m u l t i p l y  c lones  of sweetgum 

m a t e r i a l  w i th  r e l a t i v e  ease ,  us ing  media and techniques c u r r e n t l y  

a v a i l a b l e .  

During t h e  p a s t  win ter  25 b lack  l o c u s t  p l a n t l e t s  and 50 Paulownia 

tomentosa p l a n t l e t s  were p lan ted  i n  a test p l o t  on t h e  Whi teha l l  Fo res t .  

These r ep re sen t  t h e  f i r s t  mass-produced p l a n t l e t s  of t h e s e  spec i e s .  



OVERVIEW OF PROJECT 

PROJECT TITLE: Increasing the Biomass Production of Short ~otation Coppice Forests 

School of Forest Resources, University of Georgia, Athens, Georgia 

OBJECTIVE: To determine ways of increasing the biomass production of short rotation hardwood forests. 

PROCEDURE: (1) Species Screening: Plant a variety of hardwood species amenable to short-rotation 
forestry on such soils as.might be available for energy or fiber production. Selected 
species will (a) have rapid juvenile growth rates, (b) sprout from the stump and grow 
well in plantations, (c) resist wildlife damage as well as insect and disease attacks. 

(2) Cultural Treatments: Intensive cultural practices such as cultivation, mechanical and 
chemical weed control, fertilization and irrigation will be evaluated. This involves the 
establishment of test plantations on several sites and data collection over at least a 
five year period. 

(3) Genetic Improvement: (a) Superior individuals and geographic seed sources of the most 
promising species will be selected and propagated. Selection will be based on biomass 
production rates, adaptability to a variety of site conditions, pest resistance and ease 
of multiplication. (b) Tissue culture techniques for mass cloning of hardwoods will be 
developed. The main thrust of this phase will be the development of practical systems 
for the vegetative mul'tiplication.of genetically select material and rapid assessment of 
the growth potential of clones. 

(4) Species Mixtures: The energy input-output balance of plantations might be more favorable 
with reduced fertilizer inputs. Therefore, the biomass production of nitrogen fixing, 
woody species grown either in pure or mixed stands will be determined. 

(5) Ecological Assessment: Changes in soil fertility and organic matter status under pure 
and mixed stands will be followed. 

CI\ 

(6) Education: Provide graduate assistantships to attract students in hardwood silviculture. 
This will help ease the current shortage of foresters versed in hardwood plantation 
establishment and management. 
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PROGRESS F i r s t  y e a r  F i s c a l  1978 - EG-77-5-09-1015 

Two s i t e s  were s e l e c t e d  f o r  t h e  l a r g e  s c a l e  f i e l d  p l a n t i n g s  i n  Georgia ;  one a  50 a c r e  Piedmont 
s i t e  on t h e  B .  F. Grant Memorial f o r e s t  i n  Putnam Co., b e l o n g i n g  t o  t h e  School  of F o r e s t  
Resources ,  and t h e  o t h e r  on a 50 a c r e  C o a s t a l  P l a i n  s i t e  i n  T a t n a l l  County on Union Bag-Camp 
C o r p o r a t i o n  l a n d .  Both a r e a s  were s i t e - p r e p a r e d  and i r r i g a t i o n  ponds c o n s t r u c t e d  nearby .  
Eecause  o f  a s h o r t a g e  o f  s e e d l i n g s  o n l y  h a l f  o f  each  s i t e  cou ld  b e  p l a n t e d .  The e x t r e m e l y  
d r y  wea ther  f o l l o w i n g  p l a n t i n g ,  and t h e  s h o r t a g e  of w a t e r  t h a t  developed a t  t h e  T a t n a l l  
s i t e ,  compromised s u r v i v a l  and growth b u t  a t  t h e  same t ime f u r n i s h e d  i n s i g h t  on t h e  problems 
t h a t  can be  expec ted  i n  l a r g e  s c a l e  o p e r a t i o n s .  Weed c o n t r o l ,  f e r t i l i z a t i o n  and c u l t i v a t i o n  
were c a r r i e d  o u t  d u r i n g  t h e  growing season .  The g e n e r a l  c o n c l u s i o n  i s  t h a t  s a t i s f a c t o r y  s t a n d s  
were produced on b o t h  s i t e s  d e s p i t e  t h e  a d v e r s e  wea ther  c o n d i t i o n s .  

( 2 )  S o i l  samples  were t aken  on b o t h  s i t e s ' p r i o r  t o  p l a n t i n g ;  t h e s e  have  been  a n a l y z e d  f o r  s o i l  
n u t r i e n t  l e v e l s ;  a d d i t i o n a l  sample's were t aken  a f t e r  f e r t i l i z a t i o n  and l a t e r  i n  t h e  s e a s o n  t o  
moni to r  n u t r i e n t  l o s s e s  o r  g a i n s .  These samples were a n a l y z e d  i n  p a r t  d u r i n g  t h e  f i s c a l  y e a r  
or a r e  i n  t h e  p r o c e s s  o f  b e i n g  a n a l y z e d .  S o i l  n u t r i e n t  changes  w i l l  b e  fo l lowed  d u r i n g  t h e  
f i v e  y e a r  p e r i o d  planned f o r  t h e s e  s t u d i e s .  

(3 )  S n i l s  were sampled on b o t h  s i t e s  p r i o r  t o  . p l a n t i n g ;  t h e s e  have been  a n a l y z e d  f o r  s o i l  n u t r i e n t  
l e v e l s ;  a d d i t i o n a l  samples  were  t a k e n . a f t e t  f e r t i l i z a t i o n  and l a t e r  i n  t h e  s e a s o n  t o  moni to r  
n u t r i e n t  l o s s e s  o r  g a i n s .  These samples were ana lyzed  i n  p a r t  d u r i n g  t h e  f i s c a l  y e a r  o r  a r e  
i n  t h e  p r o c e s s  o f  b e i n g  ana lyzed .  S o i l  n u t r i e n t  changes  w i l l  b e  fo l lowed  d u r i n g  t h e ' f i v e  
y?ar  p e r i o d  planned ' for t h e s e  s t u d i e s .  

( 4 )  Exper ience  w i t h  b l a c k  a l d e r  s e e d  demonstra ted t h e  need f o r  g r e a t e r  i n f o r m a t i o n  on s t r a t i f i c a t i o n ,  
s t o r a g e  and t r e a t m e n t  o f  such s e e d  i n  o r d e r  t o  o b t a i n  a  s a t i s f a c t o r y  s u p p l y  of s e e d l i n g s .  Hence, 
l a b o r a t o r y  exper iments  were conducted t o  de te rmine  t h e  p roper  h a n d l i n g  o f  such  m a t e r i a l  p r i o r  t o  

I 
a c t u a l  p l a n t i n g .  

( 5 )  Good s u c c e s s  was o b t a i n e d  w i t h  bud and r o o t  d i f f e r e n t i a t i o n  o f  s e v e r a l  hardwoods u s i n g  t i s s u e  
c u l t u r e  t e c h n i q u e s .  However, t h e  u s e  o f  s o l i d  media w i t h  t i s s u e  e x p l a n t s  grown i n  s i n g l e  t u b e s  
r e s t r i c t e d  t h e  amount of m a t e r i a l  t h a t  cou ld  be handled a t  one t ime  under  l a b o r a t o r y  c o n d i t i o n s .  
Hence, a  s t u d y  was i n i t i a t e d  on t h e  f e a s i b i l i t y  of mass c l o n i n g  i n  l i q u i d  c u l t u r e  t o  b r i n g . a b o u t  
c d n t r o l l e d  d i f  f  l r e n t i a t i o n  o f  numerous . . embryoids (young i n t a c t  p l a n t s )  i n  s i n g l e  c o n t a i n e r s .  

4,. 
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Second y e a r  ~ i s c a l  1979 - EG-77-5-09-1015 

(1 )  S i n c e  t h e  main t h r u s t  o f  t h i s  p r o j e c t  i s  t o  s t u d y  t h e  biomass p r o d u c t i o n  o f  s h o r t  r o t a t i o n  ha rd -  
woods a s  i n f l u e n c e d  by c u l t u r a l  p r a c t i c e s ,  f e r t i l i z e r  and i r r i g a t i o n ,  emphasis  was p l a c e d  on t h e  
comple t ion  o f  t h e  C o a s t a l  P l a i n  and t h e  Piedmont p l a n t i n g s .  These  p l a n t i n g s  w i l l  b e  t h e  s o u r c e  
of  d a t a  b e g i n n i n g  i n  1981  and c o n t i n u i n g b e y o n d t h e  5 y e a r  p e r i o d  now p lanned  f o r  t h e  p r o j e c t .  

The p l a n t i n g s  a r e  under  way a s ' o f  J a n .  1, 1979 and t h a t  h a l f  o f  each  50 a c r e  p l o t  n o t  completed 
i n  1978 w i l l  b e  f i n i s h e d  by Mar. 1, 1979. Also r e p l a c e d  p l a n t i n g s  were  made where  s k i p s  e x i s t e d  
i n  t h e  1978 p l a n t i n g s .  

(2) T r e e  growth d a t a  f o r  t h e  1978 p l a n t i n g s  i s  i n  hand.  L a t e r  on t h i s  y e a r  we w i l l . c o l l e c t  l e a f  
samples  and a n a l y z e  t h e i r  n u t r i e n t  c o n t e n t .  T h i s  w i l l  p r o v i d e  b a s e l i n e  d a t a  f o r  f o l i a r  a n a l y s i s  
as a  d i a g n o s t i c  t o o l  t o  a s s e s s  t h e  n u t r i e n t  s t a t u s  o f  p l a n t a t i o n s .  It w i l l  a l s o  h e l p  i n  a s s a y i n g  
n u t r i e n t . c y c l i n g  and n u t r i e n t  l o s s e s  a t  h a r v e s t .  S o i l  and l e a f  a n a l y s i s  s h o u l d  a l s o  r e c o r d  t h e  
e f f e c t ' s  o f  i n t e r p l a n t e d  n i t r o g e n  f i x i n g  tree s p e c i e s .  

( 5 )  S o i l  samples  t o  moni to r  s o i l  n u t r i e n t  changes  were t a k e n  i n  t h e  f a l l  o f  1978 and w i l l  b e  t a k e n  
a g a i n  i n  1979.  These  samples  a r e  a n a l y z e d  f o r  t h e  common s o i l  n u t r i e n t s  and t h e  d a t a  w i l l  b e  

' 

used t o  g i v e  a p r o f i l e  o f  t h e  changes  under  s h o r t  r o t a t i o n  p l a n t i n g s  a s  r e l a t e d  t o  d i f f e r e n t  ' 

c u l t u r a l  p r a c t i c e s .  
b' 

(4) The s i t e  f o r  a m e - a c r e  t r e e  n u r s e r y  was s e l e c t e d a n d  c l e a r e d  on a n  e x p e r i m e n t a l  f o r e s t  ( W h i t e h a l l )  
n e a r  campus. It w i l l  p r o v i d e  a n  o p p o r t u n i t y  t o  d e v e l o p  growing t e c h n i q u e s  f o r  t h e  n o n - t r a d i t i o n a l  
s p e c i e s  used  i n  s h o r t - r o t a t i o n  f o r e s t r y .  

(5) A s e e d  c o l l e c t i o n  program from v a r i o u s  geograph ic  l o c a t i o n s  h a s  been  i n i t i a t e d  f o r  American 
sycamore and sweetgum. We hope t o  i d e n t i f y  p o p u l a t i o g s  w i t h  s u p e r i o r  b iomass  p r o d u c t i o n  

1 p o t e n t i a l  and p e s t  r e s i s t a n c e .  These s e e d s  a l s o  w i l l  b e  sown i n  t h e  e x p e r i m e n t a l  n u r s e r y .  
O l d e r  s h b r t - r o t a t i o n  p l a n t i n g s  a l s o  have been s c r e e n e d  f o r  v i g o r o u s  I n d i v i d u a l s .  The g e n e t i c  
improvement of  hardwoods by b o t h  v e g e t a t i v e  and s e x u a l  means is  a long- term approach  t o  improv- 
i n g  biomass y i e l d s  which r e q u l r e s  c o n c e n t r a t e d  e f f o r t s  o v e r  a  p e r i o d  o f  y e a r s .  

(6 )  P a s t  r e s e a r c h  on p l a n t l e t  f o r m a t i o n  f o r  c l o n i n g  hardwood s p e c i e s  i n  q u a n t i t y  s e r v e d  a s  t h e  b a s i s  
f o r  d e a l i n g  w i t h  sycamore,  sweetgum, l o c u s t  and o t h e r  s p e c i e s .  S i n c e  t i s s u e  c u l t u r e  methods 
o f f e r  t h e  p r c m i s s  o f  s h o r t - c u t t i n g  t h e . p r o c e s s w h e r e b y s u p e r i o r  s t r a i n s  c a n  be grown i n  q u a n t i t y .  
r e s e a r c h  on t h e  a p p l i c a t i o n  o f  t i s s u e  ' c u l t u r e  t e c h n q i u e s  t o  b i o m s s  p r o d u c t i o n  i s  a  q u i c k  method 
o f  g e t t i n g  h i g h  y i e l d i n g  s t r a i n s  of  hardwoods i n t o  u s e  a f t e r  such  s t r a i n s  have  been i s o l a t e d  

' . I-. 

and i d e n t i f i e d .  ~y. 



PROGRESS Third year  F i s c a l  1980 

(1) The s h o r t  r o t a t i o n  p l a n t i l g s  i n  T a t t n a l l  and Putnam Counties,  Georgia a r e  succes s fu l .  Su rv iva l  
averaged 87 and 75% respec t ive ly .  Weed c o n t r o l  and f e r t i l i z a t i o n  have followed t h e  planned 
schedules .  I r r i g a t i o n  was poss ib l e  only on t h e  Putnam Co. p lan t ing .  Some i n t e r e s t i n g  growth 
r e a c t i o n s  a r e  becoming apparent  i n  t h e  spec i e s  admixtures which should become more pronounced 
a s  t h e  t r e e s  cont inue  competit ion. 

(2) So f a r  t h e  p l an t ings  a r e  to.0 young f o r  experiments i n  ha rves t ing ,  chipping and ch ip  s torage .  
It i s  hcped t h a t  a s a t i s f a c t o r y  ha rves t ing  machine can be acquired soon. D r .  Steinbeck has  
viewed ha rves t ing  equipment i n  England t o  s e e  i f  c u r r e n t l y  engineered machines could be used, 
o r  modified a s  an  in t e r im  so lu t ion .  A hydrau l i ca l ly  dr iven  c i r c u l a r  saw mounted wi th  an 
a r t i c u l a t e d  boom on a smal l  farm t r a c t o r  holds promise. A u n i t  i s  on order  and w i l l  be  t e s t e d  
during t h e  win ter  of 198C. 

(3) Levels of sugar and s t a r c h  i n  r o o t  systems coppiced a t  d i f f e r e n t  seasons of the .  year  showed some 
v a r i a t i o n  i n  r e l a t i o n  t o  growth demands. Levels a r e  h ighes t  i n  r o o t s  be fo re  growth starts i n  
t h e  sp r ing  and g radua l ly  b u i l d s  up aga in  l a t e r  i n  t h e  season. 

( 4 )  Tree improvement e f f o r t s  based on geographic s e l e c t i o n s  of sycamore and sweetgum r e s u l t e d  i n  
a two a c r e  p l an t ing  of s e l e c t e d  m a t e r i a l  on t h e  Savannah P l a n t  and one near  t h e  Putnam Co., Ga. 
s i t e .  

(5) T i s sue  c u l t u r e  r e sea rch  cont inues  with emphasis on improvement of c u l t u r a l  media and hormonal 
requirements  f o r  product ion of shoots  and . roots  from c a l l u s  £0-med from shoot  and embryo c e l l s .  
Sweetgum i s  r e l a t i v e l y  easy t o  propagate  i n  pure c u l t u r e  but  sycamore i s  d i f f i c u l t  because of 
t h e  contaminating organisms present  i n  seed c o a t s  and shoot t i p s .  

(6) A 10-acre p l an t ing  e s t a b l i s h e d  on t h e  Savannah River P l an t  i n  Jan.-Feb. 1980 has  been designed 
t o  t e s t  a method of f e r t i l i z e r  a p p l i c a t i o n  i n  t h e  s l i t  made by t h e  p l an t ing  machine. Hopefully 
f e r t i l i z e r  app l i ed  i n  t h i s  f a sh ion  w i l l  no t  burn t h e  r o o t s  of newly t r ansp lan ted  seed l ings  and 
a l low f o r  nore  e f f i c i e n t  u t i l i z a t i o n  of t h e  f e r t i l i z e r  by t h e  t r e e s .  This  method of applying 
f e r t i l i z e r  could r e s u l t  i n  a s i g n i f i c a n t  energy input  saving. 

(7) The completion of a one a c r e  nursery  a t  Whitehal l  makes poss ib l e  t h e  development of s eed l ing  
product ion methods f o r  nzw candida te  t r e e  spec i e s  a s  we l l  a s  t h e  groduct ion of s u f f i c i e n t  
s eed l ings  5or  outp lan t ings .  The spec i e s  used i n  t h e  p r o j e c t  a r e  o f t e n  considered weeds by 
t r a d i t i o n a l  f o r e s t e r s  an3 a r e  t h e r e f o r e  n o t  a v a i l a b l e  commercially. 



PROGRESS .BY TASKS 1979-1980 

The t a s k s  which o u t l i n e  t h e  n a t u r e  of . t h e  r e sea rch  ope ra t ion  

according t o  t h e  DOE Contract  f o r  F i s c a l  1980 a r e :  

1. Maintain p l a n t a t i o n s  

2 .  Monitor p l a n t a t i o n s  

3. Genetic  improvement 

4. Cooperation wi th  o t h e r  i n t e r e s t e d  p a r t i e s  

5. S torage  p r o p e r t i e s  of ch ip  p i l e s  

6 .  Seasonal  .ha.rvesting e f f e c t s  

7. 10 a c r e  spec i e s  screening  t r i a l  

8. Graduate educa t ion  



1. Maintain p l a n t a t i o n s  

The p l a n t i n g s  i n  Putnam and T a t t n a l l  Counties,  Georgia a r e  on 

d i f f e r e n t  s o i l  types  and t h e  l o c a l i t y  d i f f e r e n c e s  and s o i l  cond i t i ons  

a r e  r e f l e c t e d  i n  t h e  n a t u r e  and t h e  amount of r equ i r ed  maintenance. 

The o b j e c t i v e s  of t h e  maintenance a r e  t o  main ta in  optimum cond i t i ons  

f o r  biomass product ion t o  determine i f  such ope ra t ions  s i g n i f i c a n t l y  

a f f e c t  wood y i e l d s .  

The Putnam County p l a n t a t i o n  i s  on a heavy Piedmont s o i l .  Because 

of drought condi t ions  and high temperatures  over t h e  p a s t  year  t h e  

p l o t s  were i r r i g a t e d  7  times'between A p r i l  1979 and August 1980. A 

10-10-10 f e r t i l i z e r  was app l i ed  a t  t h e  r a t e  of 800 lbs/A i n  June 1979 

and ammonium n i t r a t e  a t  120 lbs/A i n  August 1979. The p l o t s  were 

harrowed o r  bush hogged f o r  weed and g r a s s  c o n t r o l  4 t imes dur ing  t h e  

year .  

The T a t t n a l l  County p l a n t i n g  supported a  heavy growth of g r a s s  and 

herbaceous p l a n t s  r equ i r ing  con t inua l  c o n t r o l  e f f o r t s .  This  p l o t  was 

harrowed 7  t imes during t h e  season and Simazine was app l i ed  i n  March 

1979 and March 1980. F e r t i l i z e r  a t  t h e  r a t e  of 8UO lbs/A of 10-10-10 

was app l i ed  i n  J u l y  1979. 

Considerable  weed c o n t r o l  proved necessary on t h e  Savannah River 

P r o j e c t  p l a n t i n g  made i n  January and February 1980. Harrowing and 

hand a p p l i c a t i o n  of Simazine was necessary  i n  May and f u r t h e r  harrowing 

and hand hoeing i n  June 1980. A t h i r d  harrowing was necessary  i n  Ju ly .  

Most of t h e  p l o t s  i n  t h e  o l d e r  p l a n t i n g s  have c losed  ranks  making 

f u r t h e r  machine harrowing unnecessary s i n c e  herbaceous weeds a r e  being 

discouraged by shade and competi t ion from t h e  t r e e s .  



2. Monitor P l a n t a t i o n s  

Growth measurements over a  two year  per iod  f o r  t h e  Piedmont and 

Coas ta l  P l a i n  p l a n t i n g s  a r e  g iven  i n  t h e  fol lowing t a b l e .  

A s  r epo r t ed  l a s t  yea r ,  b l ack  l o c u s t  s t i l l  ranks  h ighes t  i n  he ight  

and diameter .  Next t a l l e s t  i s  sycamore which r i v a l e d  l o c u s t  i n  

diameter growth. A l l  spec i e s  a t  l e a s t  doubled i n  both he igh t  and 

diameter during t h e  second growing season. The l a r g e s t  increment of 

he igh t  growth was exh ib i t ed  by b lack  l o c u s t  which grew 2.43 and 2.16 

meters  f o r  non- i r r iga ted  and i r r i g a t e d  r e s p e c t i v e l y .  The next  l a r g e s t  

he igh t  growth was by sycamore i n  t h e  C o a s t a l . P l a i n  which grew 1.63 

meters  i n  he ight  and 2.5 cm i n  diameter .  Alder g r o w  i n  t h e  Coas t a l  

P l a i n  was t a l l e r  than  t h a t  i n  t h e  Piedmont bu t  slowed i t s  growth 

during the. second growing season i n  t h e  f i e l d .  'Otherwise a l l  spec i e s  

grew f a s t e r  on t h e  Piedmont s i t e .  The e x c e l l e n t  growth of bo th  l o c u s t  

and sycamore may be p a r t l y  due t o  crown c l o s u r e  f o r  t h e s e  s p e c i e s  which 

res t r l ted  i n  t h e  shading out  of t h e  weed competi t ion.  Sweetgum i s  off  

t o  i t s  t y p i c a l  slow s t a r t  and has no t  y e t  achieved f u l l  s i t e  occupancy. 

Su rv iva l  averaged 77% o v e r a l l  i n  1978 and decreased t o  70% a t  t h e  

end of t h e  1979 growing season. Alder i n  p a r t i c u l a r  cont inued t o  d i e ,  

e s p e c i a l l y  i n  t h e  Coastal .  P l a in .where  i t  i s  now down t o  an unacceptable  

38% s u r v i v a l  r a t e .  I r r i g a t i o n  cont inued t o  have no d i s c e r n i b l e  e f f e c t  

on s u r v i v a l - i n  t h e  Piedmont. 

When sycamore and sweetgum were grown i n  mixture  w i th  a l d e r ,  they 

gene ra l ly  grew more slowly than  they d id  i n  pure p l o t s .  On t h e  Cuas ta l  

P l a i n  s i t e ,  f o r  example, a l l  t h r e e  s p e c i e s  grew. less i n  he igh t  and 

diameter  i n  t h e  mixtures .  The t r end  was . l e s s  pronounced i n  t h e  Pied- 

mont, t h c r c  sycamore and a l d e r  avera.ged less i n  diameter  and only  



Table 1. Average he igh t s  and diameters  of t he  t r e e s  a t  t h e  two s i t e s .  

S i t e  

Species  
3nd of 

Sycamore Sweetgurn Alder Locust season 
Sur. (%) H t .  Dia. Sur. (%) H t .  Dia. Sur.  (%) Bt. Dia. Sur. (%) H t .  Dia. 

Piedmont 

Non-Irr . ,' 78 .83 130 1.8 87 52 1.1 8 1 73 1.1. 86 186 2.0 

' 79 8 0 282 3.8 70 109 1.8 ' 71  157 2.2 8 0 429 4.0 

I r r i g a t e d  ' 78 8 0 133 2.0 7 7 59 0.9 8 4 76 1.2 84 221 2.7 

' 79 74 280 3.9 7 2 117 2.0 7 6 150 2.2 78 437 4.2 

Coas ta l  P l a i n  

Non-Irr . ' 78 70 7 1  0.8 

' 79 66 234 3.3 

A l l  h e i g h t s  and diameters  (15 cm above ground l i n e )  i n  cm. 



sycamore grew l e s s  i n  he igh t  i n . t h e  mixed p l o t s .  This  i s  t h e  oppos i t e  

of t h e  hoped f o r  r e s u l t  of s p e c i e s  mixing. .  Obviously f u t u r e  developments 

w i l l  be  most i n t e r e s t i n g .  Sycamore has  r e c e n t l y  been r epor t ed  t o  be 

a l l e l o p a t h i c  and t h i s  may be ev ident  i n  the ,mixed  p l an t ings .  

The s o i l  n u t r i e n t  l e v e l s  a r e  determined annual ly  i n  both plan- 

t a t i o n s  (Table 2). No d i f f e r e n c e s  i n  a v a i l a b l e  n u t r i e n t s  due t o  

f e r t i l i z a t i o n  appear i n  Putnam, County, bu t  i n  t h e  Coas ta l  P l a i n  i n  

T a t t n a l l  County, t h e  u n f e r t i l i z e d  p l o t s  averaged h igher  i n  a l l  s o i l  

n u t r i e n t s  which we.ana1yzed than  t h e  f e r t i l i z e d  ones. Any a t tempt  

a t  explana t ion  would be pure specuJ.ation a t  t h i s  po in t .  

Table 2. S o i l  Nu t r i en t s  (ppm) and pH i n  June,  1979. 

Piedmont Coas ta l  P l a i n  
pH F e r t  . Non-Fert. Fer  t . Non-Fer t . 

PH 6 . 1  6.1 6.0 6 .1  

Phosphorus 7.7 6.3 21.5 23.8 

Potassium 62.5 62.0 25.7 29.6 

Calcium 58 2 594 141  161 

Magnesium 87.9 91.9 15.0 15.7 



3. Genet ic  improvement 

Two f i e l d  p l a n t i n g s  were made t o  t e s t  t h e  performance of s eed l ings  

from geographic seed sources  of sycamore and sweetgum. A two a c r e  p l o t  

on t h e  Savannah River  P l a n t  a r e a  ad j acen t  t o  t h e  10 a c r e  s p e c i e s  

screening  performance t e s t  was p l an ted  t o  702 sycamore seed l ings  and 

648 sweetgum exc lus ive  of t h e  border  t r e e s .  The o t h e r  p l a n t i n g  on t h e  

B. F. Grant Fo res t  i n  Putnam Co., Ga. was p lan ted  wi th  432 sweetgum 

s e l e c t i o n s  and 100 sycamore. The weather turned dry  and t h e  remaining 

sycamore have no t  been p lan ted  and he ld  i n  s to rage .  

The sweetgum seed l ings  under t e s t  came'from f o u r  i n d i v i d u a l  t r e e s  

from each of 27 s t a n d s  e a s t  of t h e  M i s s i s s i p p i  River .  Nursery r e s u l t s  

i n d i c a t e  t h a t  many t rai ts  vary  wi th  l a t i t u d e .  Northern seed source  

seed l ings  were s h o r t e r ,  s e t  bud e a r l i e r  and . l o s t  t h e i r  l eaves  e a r l i e r  

than  those  from seed of more sou the rn ly  o r i g i n .  On t h e  average stem 

diameters  were approximately equal  r e g a r d l e s s  of l a t i t u d e  of pa ren t  

t r e e s .  There was s u f f i c i e n t  v a r i a t i o n  between s t a n d s  w i t h i n  a  r eg ion  

and f a m i l i e s  wi th  s t ands  t o  suggest  t h a t  s e l e c t i o n s  a t  t h e s e  l e v e l s  

w i l l  produce g e n e t i c  ga ins  f o r  nursery  expressed traits. 

Surv iva l  f o r  ou tp lan ted  sweetgum was n e a r l y  100 percent  i n  both 

p l an t ings .  Biomass d a t a  w i l l  be taken a t  t h e  end of t h r e e  yea r s .  

The sycamore s e l e c t i o n s  came from,Georgia and ad jacen t  p a r t s  of 

neighboring s t a t e s .  For t h e  two year  per iod  1978-79, seed was 

c o l l e c t e d  from 243 h a l f  s i b  f a m i l i e s  i n  82 s tands .  I n  t h e  s p r i n g  of 

1980 seed from a l l  f a m i l i e s  were sown i n  seven r e p l i c a t i o n s  i n  t h e  

nursery  a t  Whitehal l .  . V a r i a t i o n s  i n  he igh t  f o r  Georgia c o l l e c t i o n s  

were equa l ly  d iv ided  among l a t i t u d e ,  s tand  w i t h i n  l a t i t u d e  and fami ly  

w i t h i n  s tand .  Diameter v a r i a t i o n s  were confined t o  f a m i l i e s  w i t h i n  

s t ands .  
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The t i s s u e  c u l t u r e  f a c i l i t y  a t  t h e  School .of  F0res.t  Resources has  

t h e  c a p a b i l i t y  of handl ing approximately 10,000 c u l t u r e s  i n  t h e  main 

c u l t u r e  room a t  any given time. An a d d i t i o n a l  2,000 c u l t u r e s  can be 

handled i n  r i g i d l y  c o n t r o l l e d  incuba to r s  programmed f o r  d i f f e r e n c e s  

i n  day and n igh t  temperatures  and/or  photoperiod. F ive  hundred t i s s u e  

c u l t u r e  f l a s k s  f o r  l i q u i d  suspension c u l t u r e s  can be opera ted  a t  any 

given time. 

Most of t h e  cloning and organogenesis  r e sea rch  t h e  p a s t  year  was 

c a r r i e d  ou t  w i th  s h o r t  r o t a t i o n  hardwoods inc luding  sweetgum, sycamore, 

b lack  l o c u s t ,  r ed  and European a l d e r ,  honey l o c u s t ,  c a t a l p a ,  Paulownia, 

r e d  maple, and r i v e r  b i r ch .  Over 90% of t h e  e f f o r t  was devoted t o  

sweetgum, b lack  l o c u s t ,  and a l d e r .  

During an  average week of a c t i v i t y  with one t echn ic i an  and 2-3 

part- t ime s tuden t  he lp  about 500 c u l t u r e s  a r e  e s t a b l i s h e d  f o r  s tudying 

bud o r  r o o t  d i f f e r e n t i a t i o n .  Over t h e  per iod  of one year  approximately 

25,000 new c u l t u r e s  a r e  developed. The t u r n  over  r a t e  pe r  c u l t u r e  

v a r i e s  from 30 days t o  6 months depending upon t h e  m a t e r i a l  and con- 

d i t i o n s  being s tudied .  I n  some s t u d i e s  many of t h e  o r i g i n a l  exp lan t s  

a r e  l a t e r  subcul tured  a s  much as 12 t i m e s  each yea r ,  o t h e r s  l e s s  

f r equen t ly ,  i . e . ,  every 90 days. Over 50,000 c u l t u r e s  a r e  e s t a b l i s h e d  

and maintained during a  twelve month period.  Most of t h e s e  c u l t u r e s  

a r e  examined i n d i v i d u a l l y  (some cursory ,  o t h e r s  i n  cons ide rab le  d e t a i l )  

a t  l e a s t  3-5 times during t h e i r  maintenance. I n  a per iod  of twelve 

months a t o t a l  of 250,000 observa t ions  may be  made and a l a r g e  number 

of t h e s e  recorded i n  a  d a i l y  log  book. 

The n u t r i e n t  media c u r r e n t l y  used involves  5 d i f f e r e n t  b a s a l  

media t h a t  is ,  5 major s t o c k  s o l u t i o n s  of inorganic  s a l t s  t o  which 



a s  many a s  8-36 d i f f e r e n t  combinations of organic  g rowth . f ac to r s  (hor- 

mones most ly)  a r e  f r e q u e n t l y  v a r i e d .  This  a lone  permi ts  a s  many as 

180 d i f f e r e n t  media f o r  any g iven  s p e c i e s  a t . a n y  given time. 

During t h e  p a s t  w in te r  50 Paulownia tomentosa and 25 b lack  l o c u s t  

exp lan t s  were p l an ted  i n  a t e s t  p l o t  on t h e  Whiteha-11 Fores t .  These 

r ep re sen t  t h e  f i r s t  mass-produced p l a n t l e t s  of t h e s e  spec i e s .  A t  t h e  

t ime of p l a n t i n g  t h e s e  p l a n t l e t s  averaged 45 cm i n  he igh t .  

I n  o r d e r  t o  produce sweetgum p l a n t l e t s  f o r  a one a c r e  p l a n t a t i o n  

s t e r i l e  s eed l ings  were grown from 5  ha l f - s ib  bottomland sweetgum 

seed lo t s .  The hypocotyls  of 299 seed l ings  were c u t  i n t o  3-4 mm s e c t i o n s  

and placed on 12.5 m l  of bud induct ion  medium i n  a  50 mm p e t r i  d i sh .  

Three t o  4  s e c t i o n s  were placed i n  each d ish .  A t o t a l  of 697 p e t r i  

d i shes  conta in ing  2683 hypocotyl s e c t i o n s  were used. To d a t e  261 shoots  

have been obta ined  and placed on a  shoot  growth medium. The o r i g i n  of 

t h e s e  s h o o t s ' c a n  be t r aced  t o  87 d i f f e r e n t  s eed l ings .  Addi t iona l  shoots  

a r e  s t i l l  being formed on t h e  bud induc t ion  medium. 



4. Cooperation w i t h .  o the r  i n t e r e s t e d  p a r t i e s  

Armstrong Cork is.  i n t e r e s t e d  i n  l a r g e  s c a l e .  p l a n t i n g s  of s h o r t  

r o t a t i o n  hardwoods i n '  Georgia. Steinbeck conferred wi th  them on 

planning such p l a n t i n g s  and i n  t h e  eva lua t ion  of 600 a c r e s  of proposed 

p l an t ing  s i t e s .  Buckeye Ce l lu lose  i n  F l o r i d a  is  a l s o ' i n t e r e s t e d  i n  

e s t a b l i s h i n g  s h o r t  . r o t a t i o n  f o r e s t s .  

Steinbeck a l s o  p a r t i c i p a t e d  i n  a t r a i n i n g  program f o r  s c i e n t i s t s  

from developing n a t i o n s  on a l t e r n a t e  energy sources  he ld  a t  t h e  Univer- 

s i t y  of F lo r ida .  

Sommer gave a Seminar f o r  t h e  P ioneer ing  Research Group of t h e  

Campbell Soup Co. near  Camden, N. J. on J u l y  11, 1980. He p a r t i c i p a t e d  

i n  d i scuss ions  on t i s s u e  c u l t u r e  and t r e e s  and a p p l i c a t i o n  of techniques 

t o  tomato gene t i c s .  

Steinbeck presented  a n  i n v i t a t i o n a l  paper  on Shor t  Rota t ion  F o r e s t s  

f o r  Energy Product ion a t  t h e  Nat iona l  Meeting of t h e  American Chemical 

Socie ty  he ld  i n  Aug. 1980 i n  San Franc isco .  A non-technical  summary 

of t h i s  paper  was requested f o r  d i s t r i b u t i o n  t o  t h e  news media. 

S te inbeck  was interviewed by S t a t i o n  WXYZ i n  D e t r o i t  f o r  t h e i r  

News Maker Program i n  regard  t o  s h o r t  r o t a t i o n  energy p l a n t a t i o n s  as 

t h e  r e s u l t  o f a n  a r t i c l e  e n t i t l e d  "Quickie Trees from a Tree Pantry" 

t h a t  appeared i n  t h e  Technology s e c t i o n  i n  t h e  ~ a y / J u n e  1980 i s s u e  of 

NEXT magazine. 

The magazine IiThe Mother Ear th  News" contained a b r i e f  n o t e  and 

p i c t u r e  of a Georgia biomass p l a n t a t i o n  i n  i t s  3uly/August 1980 i s sue .  



5. S torage  p r o p e r t i e s  of ch ip  p i l e s  

A c t i v i t y  on t h i s  t a s k  i s  r e l a t e d  t o  p l a n t a t i o n  age; t h e  t r e e s  a r e  

too  young f o r  c u t t i n g  and chipping t r i a l s .  

A s ea rch  i s  being conducted f o r  s u i t a b l e  e x i s t i n g  equipment t o  

handl ing f i e l d  ha rves t ing  of s h o r t  r o t a t i o n  systems. Steinbeck v i s i t e d  

Hydrocut Ltd. i n  Sudbury, England June 17-18, 1980 f o r  a demonstrat ion 

of t h e i r  ha rves t ing  system engineered around a t r a c t o r  w i t h  a f r o n t -  

mounted c i r c u l a r  saw. Th i s  equipment has  p o s s i b i l i t i e s  f o r  adap ta t ion  

t o  t h e  s h o r t  r o t a t i o n  systems and should be t e s t e d  under product ion  

cond i t i ons .  



6. Seasonal  ha rves t ing  e f f e c t s  

Sprout ing i n  coppice f o r e s t r y  i s  i n  p a r t  in f luenced  by t h e  amount 

and kind of carbohydrates  s t o r e d  i n  stump and r o o t  t i s s u e s .  S i n c e . t h e  

amount of s t o r e d  suga r s  v a r i e s  w i . t h . t he  season .of  t h e  yea r ,  t h e  t ime 

of coppicing may be important  i n  t h e  r egene ra t ion  of new sp rou t  growth. 

A sycamore p l an t ing  i n  Wilkes Co., Ga. p lan ted  i n  1967 and arranged 

i n  r e p l i c a t e d  p l o t s . a t  2' x 2' and 4'  x 4' spacings a f fo rded  m a t e r i a l  

f o r  a r o o t  carbohydrate  s tudy i n  r e l a t i o n  t o  season of c u t t i n g .  This  

p l a n t i n g  was f i r s t  coppiced i n  1970. In 1979 s e l e c t e d  a r e a s  a t  both 

spacing6 were coppiced aga in  a t  monthly i n t e r v a l s  over t h e  period of 

one year  except  f o r  October and December 1979 and February 1980. The 

r o o t  samples were taken i n  both t h e  growing per iod  and t h e  dormant 

season. 

C e r t a i n  t r e n d s  were noted i n  1979; Sugar l e v e l s  f o r  t h e  March 

t o  August per iod  ranged from 1.4% t o  0.8% of t h e  f r e s h  weight.  A l l  

p l o t s  showed a r i s e  i n  s t a r c h  l e v e l s  i n  March. S t a rch  l e v e l s  dec l ined  

through A p r i l  and May as t h e  r e s u l t  of new growth. Root s t a r c h  l e v e l s  

i n  a l l  p l o t s  increased  i n  June and Ju ly .  

There was no s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  s t a r c h  o r  sugar  

l e v e l s  a t  t h e  2 x 2 and 4 x 4 spac ings  f o r  any month sampled. 

Rootstocks c u t  long enough f o r  s p r o u t s  t o  develop had s t a r c h  l e v e l s  

comparable t o  t h a t  i n  t h e  r o o t s  of t h e  uncut c o n t r o l s  o r  t hose  sampled 

a t  t h e  t ime of c u t t i n g .  

Dickson's method of measuring s t a r c h  by e n z G e  a c t i o n  was compared 

wi th  t h e  p e r c h l o r i c  (HCLO ) method used i n  e a r l i e r  t e s t s .  The Dickson 
4 

method showed 2.7 t imes t h e  amount of s t a r c h  sugges t ing  g r e a t e r  sens i -  

t i v i t y .  Th i s  method was a l s o  e a s i e r  t o  use. E a r l i e r  r e s u l t s  w i th  t h e  



p e r c h l o r i c  method was. converted t o  expected . ~ i c k s o n  v a l u e s  by mu l t i p ly ing  

7 .  10  a c r e  s p e c i e s  s c r een ing  t r i a l  

A 10  a c r e  p l o t  l o c a t e d  on the  Savannah f i v e r  P l a n t  a r e a  was prepared 

and p l an t ed  i n  Jan.  & Feb. 1980 (F ig .  1 ) .  The o b j e c t i v e  of t h i s  p l a n t i n g  

is  t o  s tudy  t h e  e f f e c t s  of apply ing  f e r t i l i z e r  a t  t h e  time of p l a n t i n g  i n  

t h e  bottom of t h e  s l i t  made by t h e  p l a n t i n g  machine. I f  t h i s  method of 

f e r t i l i z i n g  seed l ings  proves p r a c t i c a l  i t  would reduce t h e  need f o r  

b roadcas t  f e r t i l i z a t i o n  e a r l y  i n  t h e  s e e d l i n g s  growth pe r iod .  The 5 

s p e c i e s  under test a r e :  sycamore, sweetgum, r ed  maple (Acer rubrum), 

b lack  l o c u s t  and European b l ack  a l d e r .  Each s p e c i e s  i s  be ing  t e s t e d  i n  

s e p a r a t e  sub-plots  r e p l i c a t e d  fou r  t imes.  

I n i t i a l  cond i t i ons  were s a t i s f a c t o r y  f o r  s u r v i v a l  and growth, 

however d a t a  on growth and s u r v i v a l  w i l l  n o t  be  taken  u n t i l  t h e  end 

o f  t h e  growing season.  



Figure 1. A species screeninglplanting slit fertilizer application trial 
was established in the winter of 1979180. Ten acres in size, 
it contains five species replicated four times in randomized 
complete blocks. Planted on a Troup sandy loam it is located 
in Barnwell County near Aiken, S. C. on the Savannah River 
Plant. The site is level with slopes of less than 2%. Pre- 
viously this area supported a slash pine plantation which had 
been clearcut. The remaining unmerchantable vegetation as 
well as the pine stumps were pushed into windrows by,a bull- 
dozer. Access to the Savannah River Plant is controlled by 
the Department of Energy and DuPont. 
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8. Graduate educa t ion  

Michael H. Renfroe i s  working on t h e  con t ro l l ed  organogenesis  of 

sweetgum i n  c u l t u r e  i n  v i t r o  f o r  h i s  d o c t o r a t e  r e sea rch  supported by 

t h e  DOE p r o j e c t .  Hypocotyl exp lan t s  from eight-week-old sweetgum 

seed l ings  were grown on media prepared wi th  v a r i o u s  combinations of 

naphtha leneace t ic  a c i d  (NAA) and benzylaminopurine (BAP) .  While some 

of t h e  exp lan t s  developed r o o t s  and/or  shoots ,  many formed only  c a l l u s .  

I n  t h e  search  f o r  a more s a t i s f a c t o r y  medium t h c  c u l t u r e s  were placed 

on media w i th  v a r i o u s  concent ra t ions  of NAA and BAP and o t h e r  sub- 

s t ances .  Seventeen percent  of c u l t u r e s  wi th  shoo t s  formed r o o t s .  

Ca l lu s  c u l t u r e s  developed r o o t s  i n  56 percent  of t h e  t r a n s p l a n t s .  

Apparently a t  t h e  phytohormone concen t r a t ions  t e s t e d  t h e  s t o c k  c a l l u s  

l i n e s  expressed morphogenic capac i ty  f o r  r o o t s  more r e a d i l y  than  f o r  

shoots .  

T e s t s  were a l s o  conducted on t h e  s t r a t i f i c a t i o n  per iod  r equ i r ed  

f o r  s a t i s f a c t o r y  germinat ion of sweetgum seed. It was found t h a t  t h i s  

per iod  could be  reduced by ha l f  without  s i g n i f i c a n t l y  a f f e c t i n g  

germination. 

It i s  d i f f i c u l t  t o .  o b t a i n  s t e r i l e  c u l t u r e s  from sycamore seed.  

The.seed must be given s p e c i a l  t rea tment  t o  e l i m i n a t e  funga l  contam- 

i n a n t s  and even under t h e  most e f f e c t i v e  r o u t i n e s  t h e  percentage of 

s t e r i l e  c u l t u r e s  s o  der ived  remains low. Organogenesis wi th  sycamore 

i s  more d i f f i c u l t  than wi th  sweetgum and t h e  -search is  cont inuing  f o r  

e f f e c t i v e  concen t r a t ions  and k inds  oL p h y ~ ~ u l l u ~ m o l ~ e s .  

European Black Alder i s  d i f f i c u l t  t o  grow i n  pure c u l t u r e  and 

s u i t a b l e  phytohormones, t h e i r  concen t r a t ions ,  and i n g r e d i e n t s  i n  

rill t.ii.rc r n n t ~ r i a l  w i l l '  r e q u i r e  numerous t r i a l s  t o  determine workab1.e 

c u l t u r a l  condi t ions .  
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Fig. 2.  American sycamore beginning i t s  t h i r d  
growing season a f t e r  p lant ing i n  Putnam Co., Ga., 
spacing 4 x 8 f e e t .  No f u r t h e r  weed con t ro l  
needed. The crowns a r e  beginning t o  accupy the  
s i te  completely. 



Fig. 3 .  General sf the Futnam Go. , Ga. pbamt&g~ along 
the  i r r i g a t i o n  lane.  Three-year-old black l o c u s t  i n  fore- 
grow& 

Fig. 4. Sowing the experimental nursery a t  the  Whitehall 
Forest .  A l l  f o r  naught - the  seeds f a i l e d  t o  germinate. 



~ i ' g .  5.' Sycamore x alder miatore b.@=imyt it+ st 
growing season i n  Tattnall Co., Ga. i n  the Middle Coastal 
Plain. The Simazine spray is  still controlling the weeds. 

Fig. 6 .  Sweetgum and alder mixture on the same s i t eh 'as  Pig. 5 .  



f i g .  7 .  Planting a t  the ~ i iannah  River Plant {Sm) i n  
South Carolina i n  the Upper Coastal Plain. 

Fig. a .  One objective of the SRP planting was to test the 
f eas ib i l i t y  of applying f e r t i l i z e r  i n  the planting s i l t .  
Custom-built f e r t i l i z e r  hopper a t  the right of the man 
planting the seedling. 



Fig. 9 .  S o i l  and plant analysis for nutrients with atomic abeorpt%on wit. 
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Fig. 10. Thousands of t e s t  tubes need to  b e  prepared and later  cleaned i n  tissue culture work. 



FZg. 13. PwQ frn&t%srtim from shoot t l p  of m@%- 
gumonchemically defined agar medium X 1. 

. 2 .  s-trp~11 g l a ~ a l s t  prigatficaa by ~ I C ~ O -  genesis i n  liquid culture then transferred to  
agar medium for growth and normal development X 3 




