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ABSTRACT 

Two biomass p l a n t a t i o n s ,  one i n  t h e  Coas ta l  P l a i n ,  t h e  o t h e r  i n  

t h e  Piedmont province of Georgia, have been e s t a b l i s h e d .  P la tanus  - 

o c c i d e n t a l i s ,  Liquidambar s t y r a c i f l u a ,  Alnus g l u t i n o s a  and Robinia 

pseudoacacia  were p lan ted  i n  pure and mixed p l o t s .  Di f fe rences  i n  

t h e  growth a t  t h e  end of t h e  f i r s t  growing season were a t t r i b u t e d  

most ly t o  weed competi t ion i n  t h e  Coas ta l  P l a in .  Robinia grew remark- 

ab ly  w e l l  i n  t h e  Picdmont, averaging more than  2 . 2  m t a l l  i n  i r r i g a t e d  

p l o t s .  A .  fungus t e n t a t i v e l y  i d e n t i f i e d .  - a s  belonging t o  t h e  genus 

Botryosphaeria  is  causing heavy Alnus .mor ta l icy  i n  t h e  Coas ta l  P l a i n .  

Progress  . i n  t h e  gene t i c  improvement phase of . the p r o j e c t  included 

a c o l l e c t i o n . o f  P la tanus  s e e d l o t s  from throughout Georgia t o  i d e n t i f y  

promising provenances and t h e  product idn of Liquidambar and Robinia 

p l a n t l e t s  i n  t i s s u e  c u l t u r e .  

Di f fe rences  i n  t h e  c a l o r i f i c  c o n t e n t ' o f  young sprout  m a t e r i a l  

from n ine  hardwood spec i e s  ( u n i t  oven d ry  weight b a s i s )  were found 

t o  be small .  Other s t u d i e s  d e a l t  wi th  t h e  e f f e c t s  of d i f f e r e n t  

h a r v e s t i n g  cyc le s  on t h e  s i z e  and carbohydrate  con ten t s  of sycamore 

roo t s tocks .  



OVERVIEW OF PROJECT 

PROJECT TITLE: Increas ing  the  Biomass .Product ion .of Sho'rt Rotat ion Coppice Fores t s  

School of Fo res t  Resources, Univers i ty  of Georgia, Athens, Georgia 

OBJECTIVE: To determine ways of increas ing .  t h e  biomass product ion of s h o r t  r o t a t i o n  hardwood f d r e s t s .  

PROCEDURE: (1) Species  Screening: P l a n t  a v a r i e t y  of hardwood s p e c i e s  amenable t o  s h o r t - r o t a t i o n  f o r e s t r y  
on such s o i l s  as might be a v a i l a b l e  f o r  energy o r  f i b e r  product ion.  Se l ec t ed  gpecies  w i l l  
( a )  have r ap id  juven i l e  growth r a t e s ,  (b)  sprout  from the  stump and grow w e l l  i n  p l a n t a t i o n s ,  
( c )  r e s i s t  w i l d l i f e  damage a s  we l l  as i n s e c t  and d i sease  a t t a c k s .  

( 2 )  Cu l tu ra l  Treatments: In t ens ive  c u l t u r a l  p r a c t i c e s  such a s  c u l t i v a t i o n ,  mechanical and 
chemical weed c o n t r o l ,  f e r t i l i z a t i o n  and i r r i g a t i o n  w i l l  be  evaluated.  This  involves  t he  
es tab l i shment  of t e s t  p l a n t a t i o n s  on s e v e r a l  s i t e s  and d a t a  c o l l e c t i o n  over  a t  l e a s t  a 
f i v e  year  per iod .  

( 3 )  Genetic Improvement: ( a )  Superior  i nd iv idua l s  and geographic seed sources  of t h e  most 
promising spec i e s  w i l l  b e  s e l e c t e d  and propagated. S e l e c t i o n  w i l l  be  based on biomass 
product ion r a t e s ,  a d a p t a b i l i t y  t o  a v a r i e t y  of s i t e  cond i t i ons ,  p e s t  r e s i s t a n c e  and ease  
of m u l t i p l i c a t i o n .  (b) Tissue c u l t u r e  techniques f o r  mass c loning  of hardwoods w i l l  b e  
developed. The main t h r u s t  of t h i s  phase w i l l  b e  t he  development of p r a c t i c a l  systems 
f o r  t h e  vege ta t ive  m u l t i p l i c a t i o n  of g e n e t i c a l l y  s e l e c t  m a t e r i a l  and r ap id  assessment of 
t h e  growth p o t e n t i a l  of c lones.  

(4 )  Species  Mixtures: The energy input-output balance of p l a n t a t i o n s  might be more favorable  
with reduced f e r t i l i z e r  i npu t s .  Therefore,  t h e  biomass product ion of n i t r o g e n  f i x i n g ,  
woody spec i e s  grown e i t h e r  i n  pure o r  mixed s t ands  w i l l  be  determined. 

(5) Ecologica l  Assessment:.. Changes i n  s o i l  f e r t i l i t y  and organi-c mat te r  s t a t u s  under pure 
and mixed s t ands  w i l l  be  followed. 

( 6 )  Education: Provide graduate  a s s i s t a n t s h i p s  t o  a t t r a c t  s t u d e n t s  i n  hardwood s i l v i t  .. 1 u 

c u l t u r e .  This  w i l l  h e l p  ease  t h e  cu r r en t  shor tage  of f o r e s t e r s  versed i n  hardwood 
p l a n t a t i o n  es tab l i shment  and management. 



PROGRE S S F i r s t  year  F i s c a l  1978 - EG-77-5-09-1015 

(1)  Two s i t e s  were ' s e l ec t ed  f o r  t h e  l a r g e  s c a l e  f i e l d  plantf.ngs 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., belonging t o  t h e  School of Fo res t  
Resources, and t h e  o the r  on a 50 a c r e  Coastal  P l a i n  s i t e  i n  T a t n a l l  County on Union Bag-Camp 
Corporation land .  Both a r e a s  were s i te -prepared  and i r r i g a t i o n  ponds cons t ruc ted  nearby. 
Because of a shor tage  of s eed l ings  only h a l f  of each s i t e  could be p lan ted .  The extremely 
dry  weather fol lowing p l an t ing ,  and t h e  shor tage  of water t h a t  developed a t  t h e  T a t n a l l  
s i te ,  compromised s u r v i v a l  and growth b u t  a t  t h e  same time furn ished  i n s i g h t  on t h e  problems 
t h a t  can be expected i n  l a r g e  s c a l e  ope ra t ions .  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  ou t  during t h e  growing season. The genera l  conclusion is  t h a t  s a t i s f a c t o r y  s t ands  
were produced on both s i t e s  d e s p i t e  t h e  adverse weather cond i t i ons .  

( 2 )  S o i l  samples were taken on both s i t e s ' p r i o r  t o  p l an t ing ;  t hese  have been analyzed 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 . taken 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  season t o  
monitor n u t r i e n t  l o s s e s  o r  ga ins .  These samples were analyzed i n  part dur ing  t h e  f i s c a l  year  
o r  a r e  i n  t h e  process  of be ing  analyzed. S o i l  n u t r i e n t  changes w i l l  b e  followed dur ing  t h e  
f i v e  pear  per iod  planned f o r  t hese  s t u d i e s .  

yP (3) Sn%3s were &mPp~e$-o~~bbo~th'sites p r i o r  t o  p l an t ing ;  t hese  have been analyzed 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 taken 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  season t o  mctnitor ," n u t r i e n t  l o s s e s  o r  ga ins .  These samples/were analyzed i n  p a r t  during t h e  f i s c a l  year  o r  a r e  
i n  t h e  process  of be ing  analyzed. S o i l  n u t r i e n t ,  changes w i l l  be  followed dur ing  t h e  f i v e  
year  per iod  planned f o r  t hese  s t u d i e s .  

(4 )  Experience wi th  b lack  a lde r '  seed demonstrated t h e  need f o r  g r e a t e r  information on s t r a t . i f i c a t i o n ,  
s t o r a g e  and t rea tment  of such seed i n  o rde r  t o  o b t a i n  a s a t i s f a c t o r y  supply of s eed l ings .  Hence, 
l abo ra to ry  experiments were conducted t o  determine t h e  proper handl ing  of such ma te r i a l  p r i o r  t o  
a c t u a l  p l an t ing .  

(5)  Good success  was obta ined  wi th  bud and r o o t  d i f f e r e n t i a t i o n  of s e v e r a l  hardwoods us ing  t i s s u e  
c u l t u r e  techniques.  However, t h e  use of s o l i d  media with t i s s u e  exp lan t s  grown i n  s i n g l e  tubes 
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  could be handled a t  one time under l abo ra to ry  cond i t i ons .  
Hence,. a s tudy 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 loning  i n  l i q u i d  c u l t u r e  t o  b r i n g  about 
c o n t r o l l e d  d i f f e r e n t i a t i o n  of n'merous embryoids (young i n t a c t  p l a n t s ) . i n  s i n g l e  con ta ine r s .  

a 



PRO GRE S  S  Second year  ~ i s c a l '  1979 - EG-77-5-09-1015 

(1) Since t h e  main t h r u s t  of t h i s  p r o j e c t  i s  t o  s tudy  the  biomass product ion of s h o r t  r o t a t i o n  hard- 
woods a s  inf luenced  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  a n d - i r r i g a t i o n ,  emphasis was p lacsd  on t h e  

. completion of t h e  Coastal  P l a i n  and t h e  Piedmont p l an t ings .  These p l a n t i n g s  w i l l  be  t h s  source 
of d a t a  beginning i n  1981 and cont inuingbeyondthe  5 year  per iod  now planned f o r  t h e  p r o j e c t .  

The p l an t ings  a r e  under way a s  of Jan.  1, 1979 and t h a t  h a l f  of each 50 a c r e  p l o t  no t  completed 
i n  1978 w i l l  be f i n i s h e d  by Mar. 1, 1979. Also replaced p l an t ings  were made where s k i p s  e x i s t e d  
i n  t h e  1978 p l an t ings .  

( 2 )  Tree growth d a t a  f o r  t h e  1978 p l an t ings  is  i n  hand. La te r  on t h i s  year  we w i l l  c o l l e c t  l e a f  
samples and ana lyze  t h e i r  n u t r i e n t  con ten t .  This  w i l l  provide 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  
a s  a d i agnos 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  of p l a n t a t i o n s .  It w i l l  a l s o  h e l p  in assaying  
n u t r i e n t  cyc l ing  and n u t r i e n t  l o s s e s  a t  ha rves t .  S o i l  and l e a f  a n a l y s i s  should a l s o  record  t h e  
e f f e c t s  of i n t e r p l a n t e d  n i t rogen  f i x i n g  t r e e  spec i e s .  

(3 )  S o i l  samples t o  monitor s o i l  n u t r i e n t  changes were taken i n  t h e  f a l l  of 1978 and w i l l  be  taken 
aga in  in . . l979 .  These samples a r e  analyzed 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 ive  a  p r o f i l e  of t h e  changes under s h o r t  r o t a t i o n  p l an t ings  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 .  

(4 )  The s i t e  f o r  a  one-acre t r e e  nursery  was s e l e c t e d , a n d  c l e a r e d  on an experimental  f o r e s t  (Whitehal l )  
. near  campus. It w i l l  provide an oppor tuni ty  t o  develop growing techniques f o r  t h e  non- t r ad i t i ona l  

spec 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 seed c o l l e c t i o n  program from va r ious  geographic l o c a t i o n s  has 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  popula t ions  wi th  supe r io r  biomass product icn  
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 seeds a l s o  w i l l  be  sown i n  t h e  experimental nursery .  
Older sho r t - ro t a t ion  p l an t ings  a l s o  have been screened f o r  vigorous ind iv idua l s .  The gene t i c  
improvement of hardwoods by both v e g e t a t i v e  and sexual  means is  a  long-term approach t c  improv- 
i n g  biomais y i e l d s  which r equ i r e s  concentrated e f  f o r t s  over a  per iod  of years .  

( 6 )  P a s t  . research on p l a n t l e t  formation :for c loning  hardwood spec i e s  i n  quan t i t y  served a s  t h e  b a s i s  
f o r  dea l ing  wi th  sycamore, sweetgum, l o c u s t  and o t h e r  spec i e s .  Since t i s s u e  cu l tu re ,me thods  
o f f e r  t h e  promise of sho r t - cu t t i ng  t h e  p r o c e s s ~ ~ e ~ ~ e b j i s u p e r i o r  s t r a i n s  can be grown i n  quan t i t y .  
research  on t h e  a p p l i c a t i o n  of t i s s u e  c u l t u r e  technqiues t o  biomass product ion i s  a  quick method 
of g e t t i n g  high yce ld ing  s t r a i n s  of hardwoods i n t o  use  a f t e r  such s t r a i n s  have been i s o l a t e d  - 
and i d e n t i f i e d .  



PROGRESS REPORT 

Increas ing  t h e  Biomass Product ion of s h o r t - ~ o t a t i o n  Coppice F o r e s t s  

The P l a n t a t i o n s :  The f o c a l  p o i n t s  of t h i s  p r o j e c t  a r e  t h e  two 50 - 

a c r e  p l a n t a t i o n s  i n  which American sycamore (P la tanus  o c c i d e n t a l i s ) ,  

sweetgum (Liquidambar s t y r a c i f l u a ) ,  European b lack  a l d e r  (Alnus g lu t inosa )  

and b lack  l o c u s t  (Robinia pseudoacacia) were p lan ted  i n  pure and mixed 

p l o t s .  Lack of s eed l ings  prevented completion of p l a n t a t i o n  e s t a b l i s h -  

ment i n  77/78, t h e r e f o r e  approximately h a l f  were p lan ted  February 1979. 

Both p l a n t a t i o n s  a r e  now complete. Thei r  phys i ca l  and s t a t i s t i c a l  design 

i s  shown i n  F igure  1 f o r  t h e  Coas t a l  P l a i n  ( T a t n a l l  County) and Figure 

2 f o r  t h e  Piedmont (Putnam County). 

There was cons iderable  v a r i a t i o n  among spec i e s  i n  s e e d l i n g  s i z e  

(Table 1 )  a t  p l an t ing .  Sycamore and a l d e r  s eed l ings  were t a l l e r  i n  both 

y e a r s  .than sweetgum and l o c u s t .  P l a n t i n g  speed 6 5 . t h e  s i n g l e  row, 

modified wi ld land  p l a n t e r  w e  used averaged about  900 seed l ings  per  hour.  

Th i s  included t u r n  around t ime,  s eed l ing  loading,.breakdowns e t c .  When 

t h e  f i e l d s  were too  wet t o  be machine p lan ted ,  we hand p l an ted  some a r e a s  

Table 1. Heights  and roo t  c o l l a r  d i ame te r s .o f  s eed l ings  a t  
p l an t ing .  . . 

Species  
P l a n t i n g  Season Sycamore Sweetgum A 1  de r Locust 

H t .  Dia. H t .  Dia,. H t .  Dia. H t .  Dia. 



mFERTlL lZED PLOT SECTION 

0 NON-FERTILIZED PLOT SECTION 

SPECIES COMBINATION 
1 SYCAMORE 
2 SWEET GUM 
3 ALDER 
4 ALDER / S Y C A M O R E  

FIGURE 1. 

. . 
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and averaged about. 500 seed l ings  per  man day. 

Those po r t ions  of t h e . p l a n t a t i o n s  e s t a b l i s h e d  i n  77/78 were limed t o  

r a i s e  s o i l  pH ' to  about  6 .0 and f e r t i l i z e d  wi th  800 pounds of 10-10-10 p e r  

a c r e  i n  ~ u l y ,  1978. The l a t t e r  was banded over  t h e  rows in .3- foot  wide 

s t r i p s .  One h a l f  of each p l o t  rece ived  a  banded top-dressing of 120 l b s /  

a c r e  of e lementa l  n i t r o g e n . i n  t h e  Piedmont (Sept'. 78) and 80 l b s / a c r e  of 

e lemental  phosphorus i n  t h e  Coas ta l  P l a i n  ( s e p t . .  78). These top-dressings 

occurred too  l a t e  t o  a f f e c t  growth i n  1978,.,but should become n o t i c e a b l e  

i n  t h e  coming growing season. 

The Piedmont p l a n t a t i o n  was i r r i g a t e d  ( l ayou t  shown i n  Fig.  2) 

seven t imes (.99 inches  of water  app l i ed  each time) dur ing  t h e  droughty 

summer of 1978. The Coastal  P l a i n  was no t  watered because t h e  i r r i g a t i o n  

pond never contained enough water  due t o  t he  drought and poss ib ly  a l s o  

a  leaky  bottom. We recorded energy i n p u t s  by n o t i n g  t h e  amounts of d i e s e l  

necessary  t o  run  t h e  i r r i g a t i o n  pump and t r a c t o r s .  I r r i g a t i o n  r e s u l t e d  

i n  small  he igh t  and diameter growth i n c r e a s e s ,  b u t  d i d  not  a f f e c t  s u r v i v a l  

i n  any c o n s i s t e n t  way among spec i e s  (Table 2 ) .  The p o r t a b l e  i r r i g a t i o n  

system funct ioned  we l l .  The gun threw water  i n  a  c i r c l e  w i th  a  400 f o o t  

diameter  and covered about 14 acres18  hours.  Water d i s t r i b u t i o n  a c r o s s  

t h e  watered c i r c l e  was not  uniform, t h e r e f o r e  we measured t r e e s  on$y i n  

100 f o o t  s e c t i o n s  on both  s i d e s  of t h e  i r r i g a t i o n  l a n e  t h a t  d i d  r ece ive  

un.i.fanm amounts ' ( F i g s : ~ 3  and 4 ) .  
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Table 2. Average h e i g h t s  and diameters  of t h e  t r e e s  a t  t h e  end of t h e  f i r s t  
growing season. 

Species  
Sycamore* Swee tgum Alder Locust 

S i t e  
Sur.  H t .  Dia. Sur. H t .  Dia. Sur'. H t .  Dia. Sur.  H t .  Dia. 

Piedmont 

I r r i g a t e d  80 -133 2.0 77 59 0.9 84 76 1 .2  84 221 2.7 

Coas ta l  P l a i n  

*Survival  i n  percent  l i v i n g ,  s i z e s  i n  cm. 

Of s p e c i a l  i n t e r e s t  i n  Table 2,:: i s  t h e  e x c e l l e n t  growth of t h e  b l ack  

l o c u s t .  It grew from t h e  sma l l e s t  t r e e  a t  p l a n t i n g  t o  t h e  t a l l e s t  a t  t h e  

end of t h e  f i r s t  year  i n  t h e  f i e l d .  Even though one should not  p l ace  much 

f a i t h  i n  t h e  r e s u l t s  of only one y e a r ,  we have p l an ted  a  h ighe r  propor t ion  

of t h e  Piedmont p l a n t i n g  t o  l o c u s t  i n  1.979. Black l o c u s t  w i l l  probably 

perform w e l l  i n  t h e  Piedmont of Georgia and p o i n t s  no r th ,  a r e a s  w i t h i n  i t s  

n a t u r a l  range. We have p lan ted  a  few hundred l o c u s t  s eed l ings  i n  the  

Coas ta l  P l a i n  p l a n t i n g ,  an a r e a  south  .of t h e  n a i u r a l  range of l o c u s t .  

A l l  s p e c i e s  grew l e s s  i n  t h e  Coas ta l  P l a i n  than they  d i d  i n : t h e  

Piedmont. This  was mostly due t o  t h e  i n t e n s e  competi t ion from ragweed 

and g r a s s e s ,  i nc lud ing  Johnson g ra s s .  Our e f f o r t s  a t  mechanical c o n t r o l  

f a i l e d  t o  keep t h e  weeds i n  check. We e s t i m a t e  t h a t  t h e  s i te  produced 

3.3 tons  of oven dry  ragweed p e r  a c r e !  Before t h e  seed l ings  l e a f  ou t  i n  

1373 w e  w i l l  spray t h i s  s i t e  wi th  s imazine,  a  preemergence chemical.  It 

has been t r i e d  wi th  f a i r  success  by D r .  F i t z g e r a l d  on ou r  f a c u l t y  and by 
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I n t e r n a t i o n a l  Paper Company f o r e s t e r s  i n  t h e  South. Hopefully i t  w i l l  

provide some c o n t r o l  u n t i l  August. By then t h e  t r e e s  should have grown 

above the  weed .competit ion. 

European a l d e r  survived poorly i n  t h e  Coas ta l  P l a i n .  Espec ia l ly  i n  

those  p o r t i o n s  of t h e  p l a n t a t i o n  on a r e a s  which.-had previous ly  been 

p lan ted  t o  Christmas t r e e s ,  t h e  a l d e r  was hard h i t  by a  fungus t e n t a t i v e l y  

i d e n t i f i e d  a s  Botryosphaeria.  .. Ard&r:s t h a t  were p lan ted  in .  an o l d  soybean 

f i e l d  were almost f r e e . o f  t h e  fungus. ..We have n o ' p l a n s  t o  c o n t r o l  t he  

fungus . 

. Genetic improvement: Sycamore s e e d l o t s  from va r ious  s t a n d s  i n  Georgia 

were c o l l e c t e d  i n  o r d e r  t o  i d e n t i f y  provenances.with d e s i r a b l e  c h a r a c t e r i s t i c s .  

These and o t h e r  seeds  w i l l  b e  sown. in  a n  experimental  nu r se ry ,  about one 

a c r e  i n  s i z e .  Land c l e a r i n g  and l e v e l i n g  f o r  t h i s  nu r se ry  w i l l  g e t  under 

way a s  soon a s  t h e  weather permits .  Seeds from t h i s  c o l l e c t i o n  and from I 

I 

o t h e r  spec i e s  w i l l  a l s o  be s e n t  t o  t h e  General E l e c t r i c  t h in - f i lm  growth 

f a c i l i t y  i n  Syracuse, N.Y. . . 

Seeds from f i v e ,  h a l f - s i b  f a m i l i e s  of both Eucalyptus g rand i s  and 

and E. robus ta  were o b t a i n e d  .from. U.S .F.S. .experimental  p l a n t i n g s  a t  Lehigh 

Acres, F lo r ida .  Seeds from two f a m i l i e s  of each s p e c i e s  were sur 'faced 

s t e r i l i z e d  and grown -- i n  v i t r o  t o  o b t a i n  s t e r i l e  m a t e r i a l .  f o r  s tudy ing .  bud 

and r o o t  d i f f e r e n t i a t i o n .  Explants  were taken from coty ledons ,  hypocotyls ,  

s.tem se.gments,. l e a f  a x i l s ,  and shoot  t i p s  and placed on f i v e  d i f f e r e n t  

c u l t u r e  media previous ly  used i n  o the r . sys t ems  f o r  bud and/or  r o o t  formation 

l e a d i n g  t o  embryoid o r  p l a n t l e t  fo rma t ion . .  So f a r  no p l a n t a e t s  have been 

obrained.in Eucalyptiis, alehaiigh dbseltiiacions on i n i t i a l .  bud . tormat ion  look 

promising and these  s tudges  are.,being"ontinued. 
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P l a n t l e t s  of sweetgum and b l ack  l o c u s t  ( r o o t  and bud d i f f e r e n t i a t i o n )  

were obta ined  i n  t i s s u e  c u l t u r e .  W e  a r e  c u r r e n t l y  developing techniques 

f o r  mass c lon ing  i n  l i q u i d  c u l t u r e s  t o  produce numerous p l a n t l e t s  i n  s i n g l e  

con ta ine r s .  These w i l l  then  be t r ansp lan ted  and grown t o  p l a n t a b l e  s i z e s  

i n  e i t h e r  greenhouse, l a th -house  o r  nursery  beds.  

The V i s i t i n g  S c i e n t i s t  i n  1978 was D r .  M. Neenan from t h e  A g r i c u l t u r a l  

I n s t i t u t e  i n  Carlow, I r e l and .  D r .  Neenan is  i n  charge of s h o r t - r o t a t i o n  

f o r e s t r y  r e sea rch  f o r  I r e l and  a n d - i s  a s s e s s i n g  t h e  f e a s i b i l i t y  of sub- 

s t i t u t i n g  wood f o r  pea t  i n  I r i s h  e l e c t r i c  genera t ing  p l a n t s .  He s tayed  

from June through August, 1978 and became f a m i l i a r  w i th  our  p r o j e c t .  While 

h e r e ,  he  i n v e s t i g a t e d  t h e  c a l o r i f i c  con ten t  of young sp rou t s  (most about  

8-10 yea r s  o ld )  from n ine  hardwood spec i e s  (Table 3 ) .  There were only  small 

d i f f e r e n c e s  among t h e  energy va lues  (on a  dry weight b a s i s )  of t h e  spec i e s .  

The genera l  conclusion,  t.herer50re,was t h a t  spec i e s  should be chosen f o r  

t h e i r  s u i t a b i l i t y  f o r  p a r t i c u l a r  s i t e s  r a t h e r  than  t h e i r  d i f f e r e n c e s  i n  

energy con ten t .  The d i f f e r e n t i a l  i n  tonnage of biomass produced per  a c r e  

by t h e  most s u i t a b l e  s p e c i e s  w i l l  l i k e l y  outweigh t h e  h igher  energy va lues  

f o r  a . l ; ess  adapted spec i e s .  A manuscript  d e t a i l i n g  t h e s e  r e s u l t s  has  been 

submit ted t o  . FOREST SCIENCE. 

~ o o t s  tock development under va r ious  h a r v e s t i n g  dyc les  i s  one of t h e  Keys 

t o  sus t a ined  high y i e l d s  i n  coppice f o r e g t r y .  I n  o rde r  t o  determine e f f e c t s  

of 1-, 2-, and 7-year r o t a t i o n s ,  sycamore roo t s tocks  which had been p lan ted  

n ine  y e a r s  ago and harves ted  conCinuously on t h e s e  c y c l e s  s i n c e  then ,  were 

excavated. Rootstock spac ing  va r i ed  from 1 x 4 t o  2 x 4 and 4 x 4 f e e t .  

The roo t  mass (oven-dry) on p l o t s  harves ted  every yea r  averaged only 15.2 

tonsLha, s i g n i f i c a n t l y  lower than t h e  22.3 and 24.2 tons/ha roo t s tock  

weights  f o r  t h e  2- and 7-year rotations,'resp.ectively. The d i f f e r e n c e  



Table 3.  C a l o r i f i c  va lues  (oven-dry weight b a s i s )  of n ine  spec i e s  of 
hardwoods, c o l l e c t e d  i n  mid-summer. 

Species  Xylem Bark Branches Twigs Leaves 

Green ash  

Black che,rry 

Box e l d e r  

Re db;u d 

Red maple 

Sweetgum 

Sycamore 

Water oak 

Yellow poplar  

Mean 477.7 

S .E. 3 4 

l /En t r i e s  followed by d i f f e r e n t  l e t t e r s  d i f f e r  s ign i fCcan t ly  a t  t h e  5% 
l e v e l  of confidence. 



t h e r e f o r e ,  t h a t  annual h a r v e s t s  1 e a d . t o  i n f e r i o r  roo t s tock  development and, 

t h e r e f o r e , . l o w e r  y i e l d s .  But r o t a t i o n  ages beyond two yea r s  (arid probably 

l e s s  than  1 0  years )  do not  a f f e c t . r o o t s t o c k  development d i f f e r e n t i a l l y .  

I Thus, t he  regrowth p o t e n t i a l  of roo t s tocks  c u t  every two yea r s  should be 

t h e  same a s  t h a t  of s tocks  c u t  e v e r y . f o u r  o.r f i v e  o r  e i g h t  yea r s .  

Table 4. T6.tal number excavated, s u r v i v a l  percentages and dry  weights  (kg) 
of sycamore roo t  systems grown a t  t h r e e  spac ings  and.coppiced on 
va r ious  r o t a t i o n s  i n  Geoagia. 

Rotat ion 
(years )  

Spacing 

0 .3  x  1.2 m 0.6 x  1 .2  m 1 .2  x  1.2 m Average 
No. Sur:; : > W t . .  . '. No. Sur.  Wt.. :. No'.: '.Sur: M t .  ...: t o t a l  '(.tons/ha) 

Average 
t o t a l  wt/ha 20.7 

( tons )  

2 2  
l / ~ a l u e s  a r e  t o t a l s  f o r  51.84 m a r e a s  ( 3  r e p l i c a t e  p l o t s  of 17.28 m each) .  

I Spacing d id  not  a f f e c t  t o t a l  roo t  mass pe r  a c r e  a f t e r  t h e s e  roo t s tocks  I 
had been i n  t h e  f i e l d  f o r ' n i n e  yea r s  (Table 4 ) .  Even though t h e  number of 

roo t s tocks  pe r  u n i t  a r e a  v a r i e d  by a  f a c t o r  of fou r ,  t h e ; ! t o t a l  r o o t s t o c k  

mass supported by a  u n i t  a r e a  was t h e  same. Apparently t h e r e  is  a  maximum I 
of  about 20 tons /ha  of sycamore roo t s tock  mass t h a t  can be  supported a t  t h i s  

age.  A manuscript dea l ing  wfth roo t s tocks  is  i n  peer  review and w i l l  be I 
submit ted f o r  p u b l i c a t i o n  soon. 
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In  another  s tudy  dea l ing  wi th  rootsystems,  Blum, and M.S. candida te  

supported by t h i s  p r o j e c t ,  i n v e s t i g a t e d  changes i n  r o o t  carbohydrate  l e v e l s  

over t ime. He found no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  s t a r c h  l e v e l s  of 

roo t s tocks  c u t  annual ly  and those  harves ted  every two y e a r s ,  nor d i d  t h e  

f l u c t u a t i o n  p a t t e r n s  f o r  t h e  two ha rves t ing  t rea tments  d i f f e r  from one 

another  between September and A p r i l  (Fig.  5 ) .  When t h e  s t a r c h  l e v e l  

r e s u l t s  a r e  i n t e r p r e t e d  i n  l i g h t  of t h e  r o o t  mass r e s u l t s  repor ted  above, 

t h e  fo l lowing  hypothes is  appears  p l a u s i b l e .  The concen t r a t ions  of carbo- 

hydra te  r e se rves  i n  roo t s tocks  coppiced on one-and two-year r o t a t i o n s  do 

n o t  d i f f e r  s i g n i f i c a n t l y ,  b u t  t h e  s i z e  of t h e  roo t s tocks  does.  Therefore,  

t h e  t o t a l  amount of carbohydrates  a v a i l a b l e  f o r  r e sp rou t ing  i s  l a rge rc~on  

t h e  longer  r o t a t i o n .  A manuscript dea l ing  wi th  t h e s e  carbohydrate  r e l a t i o n -  

s h i p s  i s  i n  review. 

Another graduate  s tuden t  supported by t h e  p r o j e c t  (Thackston) de t e r -  

mined t h e  l e a f  a r e a  i n d i c e s  of sycamore sp rou t  s t ands  i n  which t h e  stumps 

were spaced a t  1 . x  4 and 4 x 6 f e e t .  The l e a f  a r e a  i n d i c e s  d id  no t  d i f f e r  

s i g n i f i c a n t l y  wi th  spac ing  and were 2.6 and 2.4, r e s p e c t i v e l y .  

'Seed handl ing  and nursery  p r a c t i c e s  f o r  va r ious  a l d e r s  a r e  be ing  

s tud ied  by Cook, another  MS candidate .  Resu l t s  t o  d a t e  a r e  incomplete.  



Figure 5 .  Winter starch and sugar levels  i n  sycamore rootstocks harvested annually and every two years. 
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